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HOW TO MAKE A CYCLE ANALYSIS
PREFACE

The subject of cycle analysis is a specimslized branch of statistics. The
book, "How to Meke a Cycle Analysis" is a text at college level. I see no reason
vhy any intelligent high school graduate with a good knowledge of arithmetic and
some competence in the use of figures cannot use it successfully.

No mathematics except arithmetic are required as a prerequisite.

The text 18 a practical one designed to teach the elements of (a) how to
find cycles, (b) how to determine their lengths, strengths, shapes, and timings,
{c) how to isolate them, (d) how to evaluate them, (e) how to combine them, and
{f) how to project them into the future.

Problems will be provided to be worked by the student. Students will make
an actual analysis of the same figures I used for my stock market forecast of
1944, They will go through all the steps I went through to arrive at the results

achieved.
L ]

This is the text used in the correspondence course given last year by the
Foundation. There are twenty-three chapters which are followed by supplements
which were added to 1llustrate or clarify portions of the lessons. The supple-
ments also include questions asked by students and the answers given together with
comments to students who made errors.

The text is designed to pass on to you as much as possible the knowhow that
I have acquired in 20 years work in this field.

Edward R. Dewey, Director,
Foundation for the Study of Cycles,
East Brady, Pennsylvania.



HOW TO MAKE A CYCLE ANALYSIS

by Edward R, Dewey
OUTLINE

PART I--ELEMENTARY STATISTICS
Intrcduction and Lessons I--IV

This section is & review for those who havé had a course in statistics; an
introduction to statistics for those who have not had such a course.

Part I ecovers the following subjects:

Definition of terms.

Review of arithmetic. Machines. Short cuts. Some checking
tricks.

Preparation of the data for cycle analysis.

Charting for cycle analysis - arithmetic charts, ratio
charte. Interpolation.

Averages - arithmetic means, geometric means, medians, meder,
Which average to use,

Index numbers - how to make them and how to use them in cycle
analysis.

Tebulation.

Logarithms and how to use them for ¢ycle analysis. Graphic
logarithms.

How to meke and use moving average trends for cycle enalysis,
Geometric moving averages. Moving medians.

How to remove trend for cycle analysis.,

Part I has 100 pages written by me and is supplemented by 200 pages from
Business and Economic Statistics by Spurr, Kellogg, and Smith, included
by reference.

PART XII--CYCLE ANALYSIS
Lessons V--XX1II

Lesson V - Cycle Analysis. How to meke a cycle analysig of a series
of numbers--a detailed outline. The forces creating time
series. Synthesis. The proper way to combine cycles, How
to combine growth, periodic end randon components. Analysis.
How to separste growth, periodic, and random components.
Reversing cycles,

Lesson VI - How to get hints of cycles. Inspection. Counting intervals.
Thumbing. The graduated scale. The time chart.



Lesson VII

Lesson VIII

Lesson IX
Lesson X

Lesson XI

Lesson XII

Lesson XIII

Lesson XIV

Lesson XV

Lesson XVI

Lesson XVII

Lesson XVIII

Lesson XIX

Lesson XX

Lesson XXI

Lesson XXII

Lesson XXI1II
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How to make and use the periodic table to reveal the typical
or average shape, strength, and timing of the cycle. How to
rotate the periodic table to compensate for trend. Use of
color in the periodic table,

How to use a periodic teble to determine the length of the
cycle .

How to position the cycle.
Randome: Three ways to minimize them,

The effects of moving averasges upon trend, upen cycles, and
upon random numbers.

Deviations of numbers from moving averages of various
lengths. How to correct for distortion.

Three ways to definitize the cycle., Definitizing cycles of
integral length and of fractional length. Determining the
calendar timing of a cycle.

How to make a periodogram.

Sine and cosine curves and how to f£it them.

How to mske & simple harmonic analysis. How to make a
multiple harmonic anslysis. Use and limitations of harmonic
analysis.

How to compute moving percentages, meving ratios, and moving
differences. Their effect upon cycles, How to use them
to detect hidden cycles.

The straight line trend. When to use it for cycle analysis.
A short cut method for computing 1it.

How to use periedic tables to separate one cycle from
another.

Weighted moving aversges. How to use them to reveal hidden
cycles,

How to meke a Streiff Analysis.

How to determine trend. How to project trend and cycles into
the future.

Tests for significance of cycles,
Psrt II consists of about 500 pages.
In addition the lessons include, at appropriate places,

standard practice instructions and supplemental material used
by the author in the conduct of his own work,
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INTRODUCTION

Cycle analysis is that branch of statistics which deals with the detection,
isolation, and evaluation of rhythmic fluctuation in a succession of numbers.

Statistics is the science and art of dealing with masses of numerical facts.
For the most part statistics is merely arithmetic and common sense. For this
course you will not need to know any mathematics beyond eighth-grede arithmetic.

There are many good textbooks of statistice. However, none of them deals
edequately with cycle analysis. There is no book you cen buy, no collection of
books even, which will show you adequately how to detect, isolate, and evaluate
cycles.

On the other hand, many of the things you must know in connection with
cycle analysis ere adequately covered in any good statistical textbock. It
seems foolish to duplicate anything good which has already been written.
Therefore, for this course, I have adopted a textbook. It is Business and Economic
Statistics by Spurr, Kellogg and Smith. I em sending you a copy under separate
cover. I shall use this text as far as it goes. Where necessary I shall supple-
ment it with my own material. Offhand, I would say that about a fifth of what you
need to know about cycle analysis is to be found in the text; the other fcur-
fifths you will get from the course material.

The course material is prepared and the main problem of the course is
designed to help you make a complete cycle analysis of one series of figures.
This series is Standard & Poor's Corporation Combined Index of Common Stocz
Prices. It is necessary sometimes to degress, but the occasional routine practice
work ie important to an understanding of the process followed in the main pro-
blen.

I will supply you with the following:
1. Textbook (the textbook includes a table of logarithms).
2. Lessons, including problems.
3. Standard Practice Instructions.
4, Reference materials.
5. Chert paper and tabulation sheets.

Computation

Cycle analysis involves a lot of arithmetic. It is not feasible to do all
of it in your head.

There are four aids to computation:
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(1) Computing machines (vhich add, substract, multiply, and divide),
(2) sSlide rules (which multiply and divide).

(3) Adding machines (which add and sultract).

(4) Logarithms,

Logarithms help because they enable you to substitute addition and subtrace-

tion for multiplication and division, and to substitute division for the extrac-
tion of roots,

( Do not let the word logarithm scare you. Logarithms are as easy as pie.
You can learn all you need to know about them in fifteen mimutes. Operating a
slide rule is easy, too.)

If you do not have access to a computing machine you can get along satis-
factorily with a slide rule. You will need one or the other. You will not
need both.

If you do not have access to a calculating machine you may wish to rent or
borrov one. Comptometers are not suitable for cycle analysis. The Monroe , Fri-
den, and larchant companies all make good machines, but you will not find all
models suitable for your work. Ity preference of make is the Friden.

Rather than spend money on machine rental, I myself would buy one of the
little so-called executive desk model lMonroes which are operated by hand. They
can often be bought second hand for as little as $60.

But, as said above, you do not need a calculating machine. A slide rule
vwill do your multiplying and dividing well enough., A slide rule and logarithms
will do your roots, and an adding machine (or your head) will do your addition
and subtraction.

If you do not have access to a computing machine you must have a slide rule.
If you do not have one already, you can buy a pretty good one from any Sears
Roebuck & Company mail order house for $3.75, plus postage. Instructions for
operating come with it. Or, if you wish, I will lend you a student slide rule.
Send 32.00 deposit, returnable at any time.

If you are pretty good at adding and subtracting you can get along vithout
an adding machine. Hovever, a machine will save you so ruch time that you may
vant to rent or borrow one. You can decide this later when you see how mach
work is involved and how much time it takes you.

If you do rent an adding machine, be sure to get one wvith a subtraction
key. And make a deal so that the rental can be applied to the purchase price,
if, later, you decide to buy.

Charting

I will supply you with whatever chart paper you willxnee§ for the course.
1f you want more paper for your own purposes you can buy it direct from the .
Codex Book Company, Norwood, liassachusetts. I am asking this company to sen
you a catalogue. You will be surprised to see how many kinds of paper are
available.
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Standard Practice

Experience has shown that certain standard practices pay in the end. Stan~
dard practice instructions will be given to you as occasion requires. Please
folloy them.

uestions

Our mutual objective--yours and mine——is to teach you to make cycle analy~-
gls. However, you must take the responsibility for achieving this result. ZLike
climbing a mountain, you must do the work. I will function as guide. I will
assist you. But I am not a ski tow to carry you to the summit without work on
your part. And remember that I annot see you. If you do not call out vhen you
need help, I may go on and leave you behind. So ask questions if there is any-
thing you do not understand.

Muestions vill help both of us. "uestions will help me to make the course
better vhen I give it again, Questions will help you to get more out of the
course than you otherwvise would. Questions will help to keep you from being
left behind. Ask all you want. The more the better.

Of course, I cannot underteke to answer questions outside the area covered
by the course. And some of your questions may pertain to things that are going
to be covered later in the course. If so, ! vill tell you.

Plan of the Course

There are two ways to write a story—or a text book. The old fashioned way
is ibo put things in orderly fashion. "Felen Robinson's grandfather was born at
Hemstedshine, ZIngland, on July 18, 1865. . ." This way is extremely dull.

The modern way for stories—and it should be for a correspondence course, too,
~-is to start in the middle of thinzs. Then to backtrack as necessary. " !Let
go of me, you beast,' shrieked Helen, but the burly man held her all the tighter."
Because starting in the middle of thinzs is more interesting, I have adopted the
second method, as far as possible.

We will therefore start the course by making a cycle analysis of some stock
market figures.

On o sheet encloced you will find a series of stock market averages, 1854~

1953.

(The vords geries means arrangement. A series of numbers is an arrangement
of numbers. Numbers can be arranged in order of size, in order of ‘time, and in
many other ways. VUhen the numbers are arranged in succession, one after the other,
in order of time, the resultant series is called a time series. Successive hourly
temperatures, daily stock prices, monthly production figures, yearly crop yields,
etc., are all time series. Practically all cycle analyses are concerned with time
gseries. In fact, cycle analysis is sometimes called time series analysis.)
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You will proceed as follows:
The first thing you will do will be to chart the data.

(Date are numerical facts. The word is plural. (The singular, rarely used,
is datum.) You never say "The data is.. . ." You alvavs say "the data gare . . ."
The vord data is pronounced day'-tah; not dash'-tah, or dat'-ah.)

You will chart the data for two reasons:
(1) You want to see if the series shows a trend.

(Trend is the tendency of a series of figures to increase or decrease
gradually over a period of time.)

(2 ) You want to discover the epproximate length of the cycles you want to
study first,

(Cycles are oscillations--ups and downs. The word comes from a Greek word
meaning circle— a coming around again to the place of beginning, e.g., a low,
You will vant to study these up and down motione in the hope that they will be
rhythmic. )

(gmgm means to repeat with a beat. It comes from a Greek word meaning
measured time.)

(Of course, you are hopoful that the rhytim will be so regular and will have
repeated 8o many times that the refularity cannot reasonably be the result of
chance. In this event you can expect it to contimue. But this gets into the
matter of evaluation, which will he considered later,)

If, in any instance, the data you are studying have no trend, you can proceed
at once to hunt for cycles.

On the other hand if, as with the stock market figures, the data do shov a
trend, you have to remove the trend before you can proceed with the analysis.

You usually remove it as follows:

Pirst, you find wvhat the trend values are for each year ( a matter of simple
arithmetic).

Second, you find for each year the percent that the actual value for that
year is of the trend value for that year (this is merely the matter of computing
a few percentages).

You now search these values adjusted for trend—these percentage of trend——
for cycles.
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If I had decided to give you, as the firsi nroblem, a series of barometric
preasures, vhere there is no trend, the steps would have beentso, as follows:

1. Chart the values.
2. Search for cyreles,

Perhaps that would have heen the best way to start. But I thought vou would
be more interested in the stock marl-et so I started with u stock market problem.
For this problem there are three steps, as follous:

1. Chart the data.
2. Remove the trend.
3. Search for cycles.

The problem of removing trend on its part brealrs down into the three sub-
divisions as follows:

(a) Find trend.
(b) ¥xvress data as percentages of trend,
(c) Chart these percentages.

You will remember that I defined trend ns "the tendency of a series of num-
bers to increase or decrcase gradunllv over a period of time." Wow that word
gradually is vretty loose, so it should not surprise you to learn that there are
a great varietyv of trends that canb e fitted to any series of figures.

Perhaps the simnlest trend, and one of the easiest to compute, is the moving
average trend. It also happens, usually, to bhe the hest trend for cycle analysis.

From the above preview of the analysis it should be fairly obvious that the
first lesson will necessarily cover charting; the second will be a brief review
of arithmetic; the third will tell you hov to compute moving average trends; the
fourth will cover adjusting for trend; and the fifth will get into the matter of
hunting for cycles.

If you have had a college course in statistics you are likely tosmy, "I
vnov all that stuff, up to Lesson V., I wish he would come to the »oint."

1'11 grant you that, if you had a good course in statistics in college,
you will know everything 1 am going to cover in Lesson I and Il--or at least
you did once! But you must remember that to those who did not have such a
course, some of this material may be new. As tor Lesson II and IV, I do not
know of any course in statistics anmvhere that covers moving average trends
adequately from the standooint of cycle analysis. No matter hou many courses
in statistics you have token--even if you are a college professor of statistics--
1'11 venture you can learn something from Lessons III and IV !

Yiow, supnose ve get to work.



STANDARD & POOR'S CORPORATION COMBINED INDEX, 1871-1953

Together with Clement Burgess Index (Adjusted), 1854-1870

(Annuel Averages, 1935-39 = 100)

Year

1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887

Note:

Index

22.1
19.8
20.3
17.7
1%.5
12.6
15.4
16.2
21.3
33.0
35.2
33.2
35.2
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Year

1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
190k
1905
1906
1907
1908
13909
1910
1911
1912
1913
191k
1915
1916
1917
1018
1919
1920
1921

Index

434
Ly.y
4.0
k2.0
46.3
39.8
36.6
37.8
35.4
37.2
ho.,2
52.6
51.3
65.5
69.9
60.2
58.8
75.1
80.6
65.6
65.0
81.2
78.2
17.3
19.7
1.1
67.4
69.9
80.4
2.1
6h.1
4.6
67.8
58.3

Year

1922
1923
1924
1925
1026
1927
1928
1929
1930
1931
1932
1933
193k
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
19k6
1947
1948
1049
1850
1051
1552
1953
1954
1955
1956

Data

94.8
105.6
124.9
153.3
200.9
158.2

99.5

51.2

67.0

16.6

82.9
117.5
117.5

83.2

94 .2

e3.1

80.0

69.%

91.9

99.8
123.5
133.9
123.0
124 .4
121.k
146.4
176.5
187.7
189.0
226.7
300.0
341,95

These data are derived from three series which have been spliced and put
on a 1935-39 = 100 base to match currently pudlished data.

Sources:

1854-1870:
1871-1017:

1918-1953:

Clement Burgess Index.
Standard & Poor's Combined Index of

Common Stock Prices, 1926 = 100.
Also Standard & Poor's Combined
Index, but 1935-39 = 100.

Current monthly data are published
in the Survey of Current Business.
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STANDARD PRACTICT IVSTRUCTIONS
1. Filing

You may wish to file your vwork papers in a three-ring dbinder, in ordinary
file folders, or in somo other vay. I recommend three-ring binders. I shall
send all material to you punched so that it will be ready to file this way,
if you wish.

To start with, subdivide your binder--or set un your folders--as follows:

1. S. & P, C. A. (Standard & Poor's Combined Annual)
a. Indexes
b. Hotes
¢. Charts (line charts)
d. Tabulation Sheets
e. Periodic Tables, Charts of Periodic Tables, Time Charts

2. Lesson llaterial and Assignments
. Problerd

3
L4, Standard Practice Instructions
5. Reference liaterial

6

. Supplies

If you use a binder, you can use thin cardboard or heavy paper to separate
the sections and hold index tabs.

later, as the binder fills up, you may wish to transfer the lessons and the
other material to other binders or to correspondence folders of the sort used
in vertical files. Or, you may wish to use such folders from the beginning.
It is up to you.
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INTRODUCTION
Supplement 1
CALCULATING MACHINES
The following question, and my answer, may be of general interest.
QUESTION:

I am wondering why you prefer the Friden, what you think of the Marchant,
vhether you are familiar with the new models of the Marchant, end whether a 10 key
or 8 key machine is needed?

ANSWER:
I think the Marchant is a good machine.

I am not familiar with the newest models of any of the machires.

As far as I know an 8 key machine would be adequate for any work in cycle
enalysis, We have 8 and 10 key Monroes and 10 Key Fridens.

My prejudice in favor of the Friden is frankly a prejudice. It is based
on the following:

1. A repsirman engaged exclusively in repairing Monroes told me the Friden
was the best machine on the market.

2. The head of an accounting department of a large company which used
Fridens, Monroes, and Marchants told me the Friden was the best of the 3 machines.

3. Dr. Leonard Wing, of the Foundation Staff, investigated Monroes, Fridens,
and Marchants a year ago and decided in favor of the Friden. He said it was
faster than the Marchant.

L., Comparing Friden and Monroe, I find the Friden gets out of order less
easily.

5. 1 have been fairly lucky in price on Fridens. For example, the machine
we bought for Dr. Wing (second hand, of course) cost only $325 for a 10 bank
machine with fully automatic division, multiplication, negative multiplication,
etc, etc.

I admit that the above is not encugh to go on. I pass it on merely for what
it is worth.
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Fase 1
INTRODUCTION
Supplenent 2
ROMOGENEITY OF DATA

It's important that your data be as homogeuneous as possible.

It is not always possible to have homogen:ous Cata. For example, an index
of general busines:z, extendirg over any considerable period of time, will, at
the present time, contain figurcs of industries such as television and aviationm,
not even in existence for the esrly yesrs of the index. Similarly an index of
production of sn industry will, for the early years, necessirily cmil scies of
companies not yet created., Even for individual companies the figures for later
years may not be homogeneous with the figures for earlier ones.

Homogeneity cannot always be secured, but at least you can be aware
of the complexities introduced by its leck. To this end I am reproducing for
you two articles which sppeared in Cycles. The first, called "Cycles in the
Stock Market," shows you that different sorts of stock have different cycles
and that the indexes of stock prices we deal with are made up of very different
industry components at different times. It was teken from Cycles for March 1951,
pages 83-88.

The second article, & single page from Cycles for Mey 1951, page 178,
illustrates a further difficulty which may arise even when the components of an
index are characterized by cycles of the same length.

References to periodograms anticipate Lesson YIV, where periodograms are

traated at considerable length,
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COi'DUCT OF THZ COURSE

In ansver to the question, "Do youvant the problems harder? Easier? About the
same?" one of our more thoughtful students writes, "It is hard for even an active
man to scale an eight foot wall. Yet by taking one easy step after another, each
vithin the limits of his ability, even an ordinary person can climb a mountain.

It is the jo» of the instructor to explain every step so that the student can
cover the ground smoothly and easily."

I believe this man speaks for most of you and I shall be governed
accordingly. I shall try to tnke you by the hand and lead you amoothly and
carefully to the top of the mountain.

Hovever, I would muchrather do it the other way. I would rather make you
skin your shing gettinz over 8-foot valls. I would rather you ended the course,
not tourists bur commandos. I'd like to make you tough! I'd like to give you
problems that would reguire you to think~-problems that you might not be able to
solve. K like to make you learn the hard way. But I don't think you want
this and I shall bov to vhat I think are your wishes.

Hovever, if yvou do come up a<zainst some problem that goes a little beyond
the text, remember that it may have been introduced deliberately. See if you
can't figure it out for yourself. (But if you can't, be sure to call for help!)

Also, keep me posted as to your reaction to what I am giving you. I can easily
modify the material and the problems to meet the needs and desires of the
majority, so please be vocal. And ask questions !
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Cycles in the Stock Market

ACK in 1943 and 1944 T had the time

to do a good deal of work of a pre-

liminary nature in connection with the
cycles in the stock market.

I think it will interest you to learn
alout this work.

1 have always liked working with stock
market figures Lecause some of them extend
over a fairly long period of time, and Lbe-
cause they seem to be relatively undis-
torted by war.

Stock market figures also have a great
advantage over many figures in that they
are available monthly, weekly, and daily
as well as annually. Therefore, if one has
the time and the patience, it is possible
to determine cycle lengths with great
accuracy especially if one is careful to
choose homogeneous series of stock price
figures.

It seems to me quite reasonalle to
accept stock market figures as a reliable
measure of mass psychology. However, like
so many ideas that are reasonable, this
idea may not stand close scrutiny.

Different Stacks Have Different Cyclss

A powerful argument against the point
of view that the stock market measures
mass psychology is the fact that different
stocks or groups of stocks evidence di {-
ferent cycles, or the same cycles with
somewhat different weights, and at somewhat
different timing.

As evidence of this fact I reproduce
herewith as Fig. 1 six periodograms of
various group averages prepared by E. S.
C. Coppock of San Antonio, Texas, one of
our members.

The periodograms represent the results
of analyses of six different groups of
common stocks as follows: luilding Material
Stocks, Canadian Cold Mining Stocks,

83

Leveraged Investment Company Stocks, Motion
Picture Stocks, Miscellaneous Low Priced
Stocks, and Farm Equipment Stocks. All
from January 1932 to May of 1950.

A periodogramn is merely a chart showing
the relative importance of various average
cycles present in a series of figures. The
different cycle lengths are shown on the
scale at the bottom of the periodogram.
The relative importence of the cycle is
shown by the scale at the left., Speaking
roughly, at or near every cycle length
where the curve of a periodogram is high,
there 1s in the figures that have been
analyzed an averags cycle of importance.
And of course where there is an important
averags cycle there may be a rhythmie or
repetitive cycle also.

For example, in the periodogram of
Leveraged Investment Company stocks the
peak at 30 months indicates an averags
wave at or very close to this length. In
the same series another peak at 36 months
indicates that, on the average, there is
an even stronger wave of 36 months in
length.

I{f you want more help in inter jreting
Mr. Coppock’s periodograms, refer to the
Technical Section of this report. lut you
do not really need to understand them fully
in order to get their significance for our
present purposes. This significance is
that different stocks have different
cycles.

For example, in Farm Equipment Stocks
1{ there 1s a 30-month cycle it is ob-
viously much less important than an aver-
age cycle of 29 months. And in Gold Mining
Stocks an average cycle of 27 months is
more important.

You can discover many other examples of
difference if you study the periodograms
on the two following pages.
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JAR. 1932 - May 1350. PEAXS INDICATE POSSIBLE CYCLES AT OR MEAR VTHE LENGTH IN MONTHS AS INDICATED.
NOTE THAT THE CYCLES SUGGESTED OIFFER IMPORTANTLY FROM GROUP TO GROUP. CHARTS REPRESENT WORK OF
E. S. C. CoPpoCk OF SAN ANTONIO, TEXAS, AND ARE REPRODUCED THROUGM MIS COURTESY,

What all this adds up to is that the
traders in different kinds of stock do not
all behave the same way at the same time.

In other words, stock prices would seem
not to Le an index of mass psychology. The
most that one can say is that the grices
of groups ot stocks may represent the in-
tellectual and emotional attitudes of the
traders in those particular groups.

Again, it might reasonally le supposed
that cycles in the prices of stocks of
companies or groups of companies corres-
ponded to the cycles in the profits of
those companies. Fut people who have
studied the sulject tell me that stock
prices vary much more directly with the
sales than with the earnings of the com-

+

it

PRELIMINARY PERIOOOGRAM (DAVIS' DELTA (B) VALULS) FOR GROUPS OF STOCKS AS INDICATED,

panies involved. T therefore imagine that
we have here another example of something
that * ought” to le so, Lut is not.

From the alove oliservations 1 assume
that the cycles we tind in the prices of
stocks 1n ditfcrent companies and ditferent
industries prolally corresponds to the
cycles of the salss of those companies or
industries, but I do not know this.

T make these comments chiefly to pro-
vide supgestions for future lines of re-
search that you may find fruitful.

For present purposes what is jmportant
is the fact that different kinds of stocks
show different cycles, or the same cycles
with different amplitudes, or with dif{-
ferent timing. Pecause of this fact any
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long series of figures representing the
Lehavior of the stock market as a whole
cannot be regarded as homogeneous.

Stock Markat Averages not Hanogensous

This lack of homopeneity is due to the
fact that stocks of new industries have
been added from time to time--stocks which
may Le characterized Ly different cycles,
or the same cycles coming a little earlier
or a little later,

fo show you this lack of homogeneity,
I reproduce below as Fig. 2 a chart from
Common-Stock Iadexes Ly Alfred Cowles 3rd
and Associates which shows the dates for
which prices 6f the various kinds of
stocks are introduced into the Cowles
Commission—Standard Statistics Index.
Ffoughly half of the industries go lLack no
turther than 1910,

You can easily see how confused the
cycles in the overall index could Le with
new stocks, some of which may have dif-
ferent cycles, coming into the picture all
the time. To analyze such a series 1is
analagous to trying to make a chemical
analysis of a vat of liquid into which new
substances are constantly leinyg introduced.

On the other hand there is a partially
compensating advantage in dealing with a
general index of all stocks. This advantage
is the fact that in such an index the
accidental variations of individual con-
panies and individual industries are partly
ofiset and thus minimized. (fowever this

advantage does not nearly offset the dis-
advantage of lack of homogeneity referred
to above. Any work on a combined indsex
which extends cver many ysars should be
thought ¢f as merely exclorstory and pre-
[ kninary,

In my studies of the cycles in the
stock market I did some work on the Dow
Jones Industrials, but the greater part of
the work was on the Cowles Coomission In-
dex P-2, Industrials, available by months
from January 1871 forward.

The Cowles Cormission Index

I chose the Cowles Commission Index
for a number of reasons, some of which are
contained in the Look Common-Stock Indexss
referred to above, in a section entitled
‘“Criticism of Well Known Indexes. ” In
addition, at least some of the cycles
appear more clearly and more recularly in
the Cowles Index. It was this latter fact
that really caused the decision to use the
Covles Index.

Fig. 3 which, like Fig. 2, is repro-
duced with permission of the Cowles Com-
mission from Comnen-Stack Indexes, shows
you the differences Letween three of the
best known indexes. The greatest differ-
ence 1s Letween the Cowles Index and the
Low-Jones Index, lut this difference would
Le greatly reduced if the Cow-Jones figures
were adjusted for the drastic change in
the index made during 1914. This adjust-
ment is of course always made Ly careful
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Fig.2. Periods covered by various Cowles Comission Indexes, 1871-1938. Frpm Cormoa-Steck Indexes
Ly Alfred Cowles 3rd and Associates, Second Edition, 1939, reproduced with permission. )
This chart gives dramatic illustration of the fact that no representative index of cammon stock prices,
extending over a long period of time, can possibly Le homogeneous.
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students. It eliminates the discontinuity
of the curve Letween July 1914 when the
exchange closed, and December 1914 when
the exchange reopened.

As you douitless know, the Cowles
Commission Index ties in with the Standard
Statistics weekly stock price indexes
available from 1918 forward. (This index
is now known as the Standard & Poor’s
Corporation index.)

In this connection, a word of warning
is in order, lLecause several years ago the
Standard weekly indexes and their monthly
averages were changed from a lase of }1926=
100 to a Lase of 193%-39:100. This means
that the current values as yon read them
in the newspaper and in the Survey st
Carrent Businass are not directly compara-
ble with the indexes as pullished previ-
ously, in Coomen-Stock Indexss, for exam-
ple. It is a small matter to make the
necessary adjustments, lut it is important
to realize that they need to Le made.

I said at the Leginning that my work
on the stock market was of a preliminary
nature. This is so not only Lecause I
worked with a comlined index, Lut Lecause
I did not have time to do the work to make
sure that the indicated cycles are rhythmic
or regularly recurring. I found that a
certain cycle was present on ths sversge
in the series as a whole and in each of
its two halves or even in each third or
each quarter. hut this is very different
from making sure that the waves repeat one
Ly one time after time.

For example, if, for many years, 1 have
put $300 in my savings account once every
three years, this is very definitely an
average of $100 a year, Lut no matter how
well estalllished the custom=—and even if
the Lehavior coitinues, =it does not indi-
cate that I will deposit £]00 next year
and 2100 the year efter. teware of mathe-
matical averages unless you know what goes
into them. Only when we have rhythms do we
have any assurance of continuation.

When a cycle is present on the aversge,
and especially when it is present on the
average in each half or each third or each
fourth of the series of figures, it pro-
vides you with a good lesad or elue which
you can then veriiy in other ways. Fut you
should not use the information until you

CYCLES — BReport for March 1951°

Lhave verified the repetitive or rhythmic
nature of the waves.

Perhaps this is enough in the way of
preliminary explanation.

Preliminary results ef snalysis

What did I find as a result of my
stock market work?
I found very definite hints of waves
of many different lengths.
Some of the more important and more
probabkle cycles have lengths as follows:
2.975 months

8.00 "

8.80 2]

10.95 "

14.40 ”

.1 "

18.17 ?

24.25 *

:B.?s ”

31.¢ "

355 *

40.°? " or 3.40C years
4g“s ” ” 3.79 ”
58-7 ” ” 4089 "
66-0 » . ” S.m ”
72.8 " " 6.07 "
82.3 " *  6.R6 "
98.0 " A : 7 Y A
]10.4 ” 124 9.2 "
122.0 S O ) ”
144.0 " " 12.0 "
174.0 R & 2
252.0 " " 21.0 "

I hope I have impressed upon you the
preliminary nature of this work. These are
not exact lengths of discovered and con-
tirmed cycles. They are merely areas where
further work might be fruitful.

Each of these indicated lengths should
Le thoroughly investigated and the cycles
either confirmed and accepted as real,
modified, or discarded.

I shall tell you more about each of
these cycles in future reports. I shall
tell you the dates of crest and trough,
the shape of the waves, the amplitude of
the waves, and the techniques involved in
the isolation.

1 shall also tell you about many other
cycles which seemed to bLe present, but
alout which T had greater question.
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HROUGH the great kindness of one of

our members who has supplied the

necessary money, and of the Mico In-
strument Company of Cambridge, Massa-
chusetts who have permitted us to use one
of their machines, we are going to make
for you a complete multiple harmonic anal-
ysis of the monthly stock market figures
from January 1871 to December 1950.

The technique of multiple harmonic
analysis was described in our reports for
October and November 1950.

The figures we are going to use are the
Stendard & Poor’s Corporation Monthly
Industrial Stock Price Index (365 stocks),
carried back to January 1871 by the Cowles
Conmission for Research in Economics, and
adjusted for trend. These figures and charts
of them were shown in the Data Section of
the April report on pages 146-149.

As I explained in the March report, all
long series of composite industrial stock
price figures are unsuitable for cycle
analysis because different industries are
included at different times and different
industries behave in different ways.

For exsmple, airplane manufacturing
company stocks are not included in the in-
dex prior to June 1928, If airplane manu-
facturing companies have some cycles that
are unique to them, these cycles will be
in the figures from June 1928 but not be-
fore. This situation will make the analysis
very difficult.

Even worse, if airplane manufacturing
companies have standard cycles which come
ahead of or after standard timing, this

l R

fact will throw off your calculations in
regard to length. To make it simple, look
at Fig. 1:

Curve A shows a regular 4-year cycle in
which five cycles add up to 20 years.

Curve B shows another regular 4-year
cycle with crests and troughs which come a
year ahead of the corresponding crests and
troughs of Curve A.

In Curve C these two cycles have been
combined. As B comes a year ahead of A,
the crests and troughs in C will be half-
way between, or one-half year ahead of A.

That 1s, whereas in Curve A five waves
add up to 20 years, or an average of 4
years each, in Curve C five waves add up
to 19% years or 3.9 years each. Thus, what
is really a 4-year wave in each series is
made to look like a 3.9-year wave in the
composite.

It is easy to see that a series of fig-
ures representing some one industry would
be much better for cycle analysis than a
series representing many industries com-
bined. The only trouble is that if we
limit ourselves to some one industry such
as coal, the stock price figures for which
are also available back to January 1871,
ve have something which is of only limited
Interest.

A compromise might be found in railroad
stock prices. It would be these figures,
in preference to industrials, which I
would like to study if I could be governed
exclusively by scientific considerations.
If time and money permit I shall therefore
study these figures for you also.
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INTRODUCTION
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ADJUSTING FOR INFLATION

As you know, the Double Deal (the Wew Deal plus the "Fair" Deal) diluted our
currency so that it now takes two dollars to buy what used to be purchasable for one.

This fact may introduce lack of homogeneity in time series measured in dollars.

The techniques which will be discussed in this course pretty well overcome
this difficulty for short cycles, but for long cycles it is often necessary to
adjust price figures since 1932 to make them homogeneous with pre-1932 figures.
This adjustment can be made in various ways. One way is to convert currency
figures since 1932 to a gold basis.

With the thought in mind that you will occasionally want to make such adjust-
ments, I am reprinting for you an article called "Prices 1933-1950 in Terms of
Gold," which appeared in Cycles for June of 1951, pages 235-237, and two pages of
correspondence in regard to this article which were printed in Cycles for
September 1951, pages 267-268,

The values necessary to bring the article up to date are given below:

Year

Black Market Price of Index of Index of Average
Price of Double Eagles Average Wholesale
Double Eagles in Wholesale Prices, all
in U. S. Paper Dollars Prices, all Commodities,
Paper Dollars, Divided by Commodities, in Black
New York Twenty in Paper Market Gold
1926 = 100 1926 = 100
1951 $49.35 $2.47 180.4 73.0
1952 LYy .00 2.25 *175.4 78.0
1953 42,50 2.13 *¥173.0 81.2
1954 39.15 1.96 *¥173.6 88.6
1955 39.00 1.95 *#174.2 89.3
1956 Lo.oo 2.00 *179.8 89.9

*Estimated prorated from the present index (1947 - 49 = 100)

Two points need to be made here:

(1) Stock market averages have, in my opinion, been affected by inflation,

but I do not feel the abave method is sujtable for adjusting them, I have not yet
worked out one that is.

(2) Although the adjustment can be applied rigidly to such things as tin
prices, which are determined by world markets, it needs to be applied with judge-
ment to things like pig iron prices, which, at least for the short runm, are deter-
mined by purely national factors.



Data

PRICES 1933-1950 IN TERMS OF GOLD

with a perplexing complication because

our government in 1933 abolished free
and unrestricted convertibility of cur-
rency into gold and later, in 1934, de-
valued our currency in terms of gold.

Of course we had been on a greenback
basis before, from February 25, 1862 to
January 1, 1879, but most long-term price
series with which you come in contact have
probably been adjusted to a gold basis for
this relatively brief period of time.

T think it is fair to assume that any
cycles discovered in figures from 1795 to
1932 (adjusted to gold when needed) are
cycles of prices in terms of gold, and
that any predictions based upon a know-

S'IU]NI‘S of price cycles are confronted

ledge of such cycles are predictions in
terms of gold prices.

But the prices we read in the news-
papers are not gold prices--they are
prices in terms of “ funny money” --prices
in terms of inconvertible greenbacks.

How can we get on a * gold basis " for
purposes of statistical homogeneity? That
is, how can we convert our funny-money
prices into prices as they would have been
if we were still on the 1932 gold standard?

Probably there is no way in which this
conversion can be made accurately, but one
way of approaching the problem would be to
divide the annual series you wish to con-
vert by 1/20th of the corresponding New
York City black market price of United

"

Tame 2
T — e ]
A B Cc
INDEX OF OPEN MARKET OR INDEX OF AVERAGE
AVERAGE BLACK MARKETY WHOLESALE PRiICES,
WHOLESALE PmicEs OF 1/20 ALL
PRICES, DousLe EAGLES Commo0! TIES, IN GoLD
YEAR ALL 1IN U.S. PaPeR (1926 -32).0R tN BLACK
CoMMO00I TIES, DoLLARS MARKETY GoLD (1933-1990)
IN PAPER DOLLARS (CoL. A § Cot. B)
1926 100.0 $1.00 100.0
1927 95.4 1.00 95.4
1928 96.7 1.00 96.7
1929 95.3 1.00 95.3
1930 B86.4 1.00 86.4
1931 73.0 1.00 73.0
1932 64.8 1.00 64.8
1933 65.9 1.31 50.5
1934 74.9 1.80 45.6
1935 80.0 1.74 46.0
1936 80.8 1.72 41 .9
1937 86.3 1.73 $0.0
1938 75.6 1.79 43.5
1039 771 1.81 42.7
1940 78.6 1.86 42.4
1944 87.3 1.73 50.4
1942 98.8 1.681 54.5
1943 103.1 1.8 $7.1
1944 104.0 1.9 S54.4
1945 105.8 2.03 $2.1
1946 121.t 2.08 58.1
1947 152.1 2.16 70.3
1948 165.0 2.28 72.4
1949 155.0 2.24 693
1950 161.7 2.06 78.6
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States double eagles ($20.00 gold pieces).

I am fortunate in being able to give
you these black market prices through the
very great courtesy of PICKX'S WORLD OR-
RENCY REPORT, 75 West Street, New York
City, a research organization specializing
in statistical informetion on black, gray,
and white market prices of currency and
precious metals.

The prices are shown in Table 1.

Suppose, for an example, you apply this
procedure to average wholesale prices for
all commodities, as compiled by the Bureau
of Labor Statistics in Washington. If you
do this you will get the results shown
in Table 2.

In Fig. 1 T have plotted for you the
index in terms of black market gold as well
as the index expressed in the usual way in
funny -money inconvertible paper dollars.

Do not be misled into thinking that

WHOLESALE
PRICES

ALL
COMMODITIES
YEARLY AVERAGE

1926=100
Fi16. 1. AVERAGE WHOLESALE
PRICES, ALL COMMODITIES.
1749 - 1950 (B.L.S.}. 7vo-

GETNER W1TH THE SAME PRICES
IN GOLD AT OLACK MARKET
RATES IN N. Y. City fonr
DOUBLE EASLES (Pick's WoRrLO
CURRENCY REPORT), 1932 -
1950.
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TasLe 1.

BLACK MARKET
Price oFf
DousLe EAGLES

Price of
DousLe EAGLES
In PAPER DoLLARS,

IN U.S. Paren Dtviogo oy
DoLLARS, NEW Twen 1y
YEAR YORK
1932 $20.00 $1.00
1933 $26.10 1.3
1934 35.95 1.80
193S 4.7 1.74
1936 34.44 1.72
1937 34.54 1.73
1938 35.85 1.79
1939 36.13 1.81
1940 37.10 1.86
1941 34.69 1.73
1942 36.23 t.81
1943 36.10 1.81
1944 38.27 1.91
1945 40.65 2.03
1946 41.69 2.08
1947 43.27 2.16
1948 45.58 2.28
1949 44.75 2.24
1950 41 .17 2.06
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these average wholesale prices expressed
in terms of black market gold are identical
with the average wholesale prices in
dollars as they would have been if we had
never left the gold standard. As I said at
the beginning, there is no way that T know
of of making an exact determination of
what these latter prices would have been.
But T trust that as cycle students you
will be helped by the expedient I have
used to gain a truer knowledge of how the
cycles are unfolding, end that these fig-
ures will also help you to make more exact
determinations of the various cycles
present in the commodity prices in which
you are interested.

For example, when one loocks at the
average wholesale price curve converted
to a gold basis one sees at once some pre-
liminary evidence of a cycle of about 292
years in length with a low ahout ]1940.
Such a cycle would probably not appear
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from casual observation of the curve with
prices from 1932 expressed in paper money,
nor, in my opinion, could the exact char-
acteristics of this cycle be as well de-
termined from the paper money curve.

Similarly the price distortion of World
War II and Post World War IT appears in
much more realistic proportions in the
curve adjusted to a gold basis.

Every seller should, in my opinion, con-
vert his present prices to a gold basis to
see if, in terms of gold, his prices are
above or below what they used to be. If
this were done there would be some sur-
prising revelations.

Table 1 provides a basis by which this
conversion can be made. The next step is
up to you! Many a company has eut its pri-
ces in terms of gold and is suffering from
the pangs of financial malnutrition as a
result. See to it that your company is
not in this category.
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PRICES 1933-1950 IN TERMS OF GOLD—-CONTINUED

You will be interested, I think, in a
letter just received from Dr. Donald
Thayer Bliss of the Naval Radiological
De fense | aboratory in San Francisco. Dr.
Bliss’ letter was written in response to
an article in the June issue in which 1|
attempted to chart average wholesale
prices of all commodities from 1932
forward in terms of gold instead of in
terms of paper dollars.

You will remember Dr. Bliss as the
writer of a letter which appeared in the
report for May 1951.

The Letter From Dr. Bliss
Dr. Bliss’

Dear Mr. Dewey,

The June Report was most stimulating and in-
triguing; and that shall provide my excuse for
intruding upon what must be, after all, a very
busy MMirector.

A question lingers in my mind concerning the
procedure adopted for converting 1933-1950 prices
from paper to gold. It is my understanding that
the possession of U. S. gold pieces is both il-
legal and a numismatist's ambition; hence, two
diverse factors operate to elevate the price of
** double eagles”™ above the " normal '’ level. The
importance of the ‘‘ double eagles’ " numismatic
interest may perhaps le gauged by the fact that
raw gold was, if 1 remember correctly, heing sold
Jegally (Lecause of certain loop-holes in the
law) in this country at shout €54 an ounce, only
moderately above the established price. Tt seems
to be possible, therefore, that a correction
factor ahould he applied to the ‘* double eagle ™
price index, a factor which would have the effect
of reducing “ double eagle” prices and of increas-
ing “ real " dollar prices. Put, if a correction
factor is necessary, what should be its magni-
tude? -

I hope to be enlightened on this point, for if
you can assure me that the numismatic correction
factor is not large, T can hereafter with a clear
conscience praise an Administration which dis-
plays so unique a concern for the monetary wel-
fare of its citizens that it has graciously en-
abled them to possess more dollars by the simple
and genial expedient of making dollnrs cost less.

Respectfully yours,
Donald Thayer Rliss

letter follows:

Perkeley, California
My Reoly
In response 1 wrote as follows:
Dear Nr. Bliss:

You are absolutely right that a correction
factor should be applied to the Double Fagle

Price Tndex pul-lished in our June report, but I
have reason to believe that this correction
factor would not be large and that it is not
enough to invalidate, for the cycle student, the
figures | gave.

Before publishing my article T made extensive
efforts to obtain the best possihle figures.
Among other things | attempted to obtain the
price of gold in various foreign countries where
free markets might be supposed to exist. Some of
the difficulties in connection with free market
prices are explained in a letter from Br. O.
Ernest Moore, Manager of the Research Department
of the Federal Reserve Pank of New York.

Oifficultios in Finding Free Markets

The gist of Mr. Moore's letter is as follows:

Prices for gold on the so-called free mar-
kets show widely divergent trends as between
countries, The premia on gold, where they exist,
reflect the monetary habits of the population,
the efficiency and stability of the monetary
system, and the degree of confidence in the
national government, as well as the varying ex-
pectations as to social and international peace.
The actual prices embodying these premia are
quoted in local, inconvertible currencies. In
the press and other published material, reference
is often made to dollar quotations for gold on
foreign markets, but these are merely computed
figures arrived at by converting the local-cur-
rency price into dollars at such rates of ex-
change as may be available. For most local-cur-
rency quotations, different dollar equivalents
can he obtained Ly converting the local currency
price at different exchange rates (black market,
official market, free market, etc.) and it is
often difficult or impossible to know which rate
should be used in calculating a realistic dollar
equivalent. In those instances where the seller
of gold wishes to make an actual conversion of
his local currency proceeds into dollars, and is
able to do so (such conversions being usually
prohibited by iaw), the conversion is ordinarilly
made through free or black markets at rates which
are usually at a substantial discount from the
official rates of exchange.

Tn continuing my investigations I received a
number of letters on the subject from the various
friends and members of the Foundation. Two of
these letters follow:

Hong Xong Prices

“ T regret the long delay in getting you the
range of gold quotations you wanted. From Hong
Kong all T have so far is the 1950 range, €41 3/4
high (December 29th), $36 T/8 low (June 9th) per
Troy ounce of gold in Macao. T have written to
London and hope to get more data..... .

*‘ Expressed in Hong Kong dollars gold made a
low there of 24Q 1/4 per tael (.945 fine) on June
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9th and 320 1/2 on August 2nd and 3rd. The ex-
change rate for the Hong Kong dollar wich ours
made a high of 16.78 cents on Necember 20th (it
went as high as 16.77 on June 6th) and a low of
15.60 on January 3lst. The latest | have from
Hong Kong is for April 28th when gold (Macao) was
€45 (U.S.) per ounce, and $321 (H.K.) per tael
locally with the Hong Kong dollar at 16.72 cents.
One tael is 1.203 Troy ounces. ”

European Prices

‘“ From a large firm of bullion brokers in
London, T have obtained the following estimated
range of gold prices since World War II.

1946 1047 104R 1949 1950
High 3R 45 Ly 52 0 1/2
Low 35 a5 3/¢ 3 4n 36 1/2

‘* These are prices in dollars per Troy ounce.
no one in London, it appears, has kept a daily
record of gold prices, and they have no record
before 1946. These prices are for the gold in the
main European centers, which probably show nar-
rower fluctuations than in Hong Kong and other
Eastern cities. | believe they are reliable.

** Before 1946 most of the present gold trading
centers were in territory of belligerents and |
do not think that quotations having any meaning
could be obtained for the war years. From 1939
back to 1932 the U'nited States Treasury’'s price
can fairly be used.

* The South Africans recently announced that
they were not selling more than 40% of their pro-
duction in free markets for fear of breaking the
price.”

As you know, before devaluvation (lanuary 3],
1934) the valve of gold was ®20.67 per fine troy
ounce. The present legal value is $35.00 per
fine troy ounce.

Black Market Prices
Probably Adeguate {or Cycls Students

Taking al! of these factors into account 1
think that for purposes of cycle study we can
accept as adequate the black market prices of
doulle eagles in New York as furnished by Pick’s
World Currency Report, 75 West Street, New York
City, which were published in the June report.
In other words, ! believe the enhanced value of
double eagles due to the illegality of their
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possession and due to their interest for coin
collectors to be of moderate proportions.

At all events the prices given are vastly
closer to the " true ® prices than the prices in
greenbacks which we are accustomed to read in the
newspapers, and they are the best I am able to
give you. If you ever come scross better figures
T would appreciate it if you would let me know.

Legeltized Rebdery

I enjoyed the last paragraph of your letter.
Some people express the same idea more directly.
For example, Dr. Walter F. Spahr, writing in
Monatary Notes for June 1}, 1951, wrote as fol-
lows:

" Apropos the looting of the savers in this
country through depreciation of our currency,
this author pointed out the following in an ad-
dress in Washington, D, D., May 10, us an example
of the state of affairs that prevails in this
country:

* *Perhaps one illustration will suffice to
show the subtle aspect of the weakening process
inherent in an irredeemable currency, and also
how the public fails to react strongly because of
lack of understanding of this process:

““ *“The total loss, because of a depreciated
dollar, on the average value of life insurance
policies, time deposits in banks, and E, F, and
C savings bonds for the years 194]-1950, in 1950
dollars as compared with 1941 dollars, amounted
to *116,565,524,000. This huge loss, lightly re-
garded because so poorly understood, stands in
sharp contrast to the officially estimated total
loss of €1,90]1,000,M0 by depositors in suspended
banks during the years 1921-1933. Regarding the
latter loss, extending over thirteen years, and
which is only 1/6] of that over ten years on the
three items mentioned, we still write and speak
with emotion for the reason, apparently, that the
meaning of that Joss was brought home to us in a
manner we could understand. Put regarding a loss
more than €] times greater, on only the three
items specified, we offer in general little more
than platitudinous observations that reveal our
small understanding of the devastating effects of
a depreciating currency,” "

Very cordially yours,
Edward R. Dewey

Nirector



Introduction
Supplement 4

INTRODUCTION
Supplement 4
HANDLING REVISED DATA

Question: . . . quite & number of the stocks listed on the New York Stock Exchange
have been split. . . when this happens it seems to be the practice to go back

and remake the chart taking into consideration the new ratio. For instance, when
a stock is split 2 for 1 they go back and halve the data and make a new chart.
What does this do to our cycle (analysis). Do we have to go back and re-calculate
all the work, . . . or can we continue with the same data as previouslysasedwbut
make an appropriste adjustment to the current prices?"

Answer: You are right that it is customary to revise the previous figures,
charts, etc., so that they will be directly comparable with current data.

It is a scurvy chore, but it is often more efficient (over the long haul)
to have your work in terms of current data.

Of course you use your own good sense about how much of the figure work
needs to be done over (if any).

For instance, if you have an analysis that you consider to be relatively
coriplete, 8ll you would bother to change would be the very final column -~ the
antilogs of the synthesis,

On the other hand you might be part way through an analysis, and decide
to handle it this way - translate the previous results to the current dbasis,
and continue the work on the current basis.

That is, if you have (for example} four waves of which you are confident,
you can apply the per cent amplitude of these waves to the new figures.

And, finally, you could make no change at all to any of the work, but put
the current figures onto the old basis.

As for the actual adjustment you would make - if a stock selling for 52
eplit 2 for 1 and opened at 37 the new price on the old basis would be (37 times
2) or T4, Thus the data would jump 52 to Th. On the current basis the data
would jump 26 to 37.
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OBTAINING DATA

Question: "I would like to secure daily stock prices for the last five years of
a feu snecific stocks listed on the New York Stock Exchange. Can you tell me '
whether these are available, and if so, from what source?"

Ansver: I do not know of any regularly published service which lists records of
daiLy prices for specific stocks.

There may be services which would tabulate this information for you - at
8 price.

I called a couple of local (Pittsburgh) brckerage houses to find out if
they kept such records. They keep records back about six months. If they want
2 price prior to their record they look it up.

The local Standard and Poor's office had no records but suggested writing
the New York office of the Wall Street Journal.

The next step would be to inquire at the nesrest library with a daily Wall
Street Journal or New York Times file. They may have someone on the staff who
would do the research for you.

One point - if you use daily figures for five years you will have 1300
figures for each series. This is a terrific volume of figures to handle. Why
not use weekly figures, cover a longer period of time, and have fewer figures to
handle? Weekly figures are available in Barron's.

Another point - when you are developing records to use in an analysis it is
usually wisest to start with the latest figure and work backwards.
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LESSON I

CHARTS
AND HOW TO USE THEM IN CYCLE ANALYSIS

You almost always start a cycle analysis by charting the data.

Therefore, your first step in anelyezing the stock merket figures sent you
with the Introduction is to plot them. The necessary paper is enclosed.

There are, however, some preliminaries. Before plotting the stock market
figures I want you to know everything you need to know about charts, charting,
and chart paper. More particularly I want you to--

1, Learn how to plot on ratio ruling.
2. Learn hovw to change scale on ratio ruling.
3. Learn the effect of plotting on ratio ruling vs. plotting on

arithmetic ruling.
h, Learn when to use ratio ruling in cycle analysis charting end when not

to use it.
5. Learn standard practice in regard to charting.

When you are master of the five points named above you are ready to plot the
stock market figures and go on to Lesson II.

To teach you this, or make sure there are no gaps in your knowledge in case
you alresdy know it, I want you to study (a) this lesson, (b) an assignment in
the text (this book is being sent you under separate cover) and (c) the standard
practice instructions.

Charts
You probvebly learned sbout charts and charting in grammar school.

There are many sorts of charts, but this discussion will be limited to
charts used by the cycle analyst. These are chiefly line charts of time series.

In euch charts time is indicated on the horizontal scale left to right. Val-
ues corresponding to the time are indicasted on the vertical scale, bottom to top.

Time is always indicated on & uniform scale--for example, twice as much time
is alwsys represented by twice as much horizontal distance. For cycle analysis,
using dsily data, a week is always represented as seven times as long as a day.

Value (in points, numbers, tons, dollars, percents, or whatever) is indicated
by the vertical scale. This vertical scale may be a scale with uniform intervals.
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When it is, the scele is celled an erithmetic scale. On an arithmetic scele, equal
vertical intervals are used to rrpresent equal absolute values, For s sample of
peper with arithmetic scale see No. 3111 or No. 4111 enclosed.

For an example of & line chart on an arithmetic grid, see Chart 7-7 on page
139 of the text.

When plotting on an arithmetic escale the zero should almost always be shown,

Sometimes the fluctuations are so small that you could not see them edequate-
ly if you plotted on & chart running uniformly up from zero. Even 8o, you must
ghow the zero, but the chart may be divided by a broken line. To see how this is
done see Chart 13-2 on page 274 of the te:xt.

The only time you do not need to show the zero when you use arithmetic scale
is when you are showing percentage variation from trend. For en example of this
sort see Chart lh-li on page 301 of the text.

Ratio Charts

Much more useful for you as a cycle student--nay, slmost indispensable (unless
you use logs)--are charts with the vertical scale ¢) ratio ruling. When you use
such a scale equal vertical distances represent equal relative emounts (EEE equal
ebsolute amounts). On such a scale the distance between 3 and 9 for example is
the same as the distance between 1 and 3. This is so because the retio in each
case is the same, Nine is three times three; three is three times one.

A chart with vertical ruling of this sort is called a ratio chart, or a
semi-logarithmic chert. It is often celled a logarithmic or dog chart elthough
this is not quite correct,

(Paper with ratio ruling both ways is called log-log paper, but such paper
is not used in cycle analysis.)

For a eimple ratio ruling see paper No. 3134 or No. 4135 enclosed. A line
chart using such a scale is illustrated in Chart 8-18 on page 169 of the text.

Now pick up & sheet of No. 3134 paper. It is one cycle ratio paper.

The horizontal scale is divided into equel arithmetic intervals, 12 per inch.

The vertical scale has no zero. It does, however, have heavy accented lines
numbered, from bottom to top, 1, 2, 3, 4, 5, 6, 7, 8, 9, 1. The top line really
should be called 10. These heavy lines get closer and closer together as you go

from bottom to top. There ere not-so-neavy lines half way between the whole
numbers.,

This whole intervel from 1 to 1 (or 10) is called a cycle.

Kote that there are twenty subdivisions between 1 and 2; 1.1 would therefore
be plotted two lines up from the bottom.
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Note that there are also 20 subdivisions between 2 and 3, & and 4, aud 4 and
5. However, by now the lines have got so close together that there is no longer
room for 20 subdivisions,

80 the makers of the paper put in only 10 subdivisions from here on up.
Therefore 5.1 would be plotted 1 line above 5,

Changing Scale on Ratio Charts

If you want to change the scale on ratio paper you do it by multiplication,

As set up, the scale runs from 1 to 10, You can multiply (or.divide) each
of these 10 mumbers by any positive number. That ix, you can multiply every value
on the scale by 2 so that the scale will read 2, 4, 6, 8, 10, etc. to 20, You
multiply by 30 so that it will read 30, 60, 80, 120, etc. to 300. Ycu can divide
by 10 so that the scale will run from 1/16 up to 10/10 or 1,

But you must never, never, never change a ratio scale by addition, adding 1
to 1 to make 23 1 to 2 to make 3; 1 to 3 to make 4, etc,

Ratio Charts of More Than One Cycle

If you were to paste two sheets of No. 3134 paper together, one above the
other, 8o that the bottom 1 line of the one coincided with the top 1 line of the
other, you would have some 2 cycle paper.

In this paper every position in the upper cycle would have a value just ten
times the value of the correspondings porition in the lower cycle. That is, 3 in
the upper cycle would be 30, etc. The lower cycle would run from 1 to 10, the
uppar cycle would run from 10 to 100, If you pasted on snother plece you would
nave three cycle paper. The third cycle values would run from 100 to 1,000, etc.

A sample of two cycle paper is enclosed. It is No. 3135. Uo. 5174 is a
sample of four oycle paper,

You can of course change the scale on two cycle or three cycle or four cycle
paper by multiplication also., Only whatever changes you make must be made for the
entire scale, The values of each cycle are always ten times the values of the
cycle below it,

In connecticn with the two cycle paper enclosed, note that the twenty sub-
divisions extend up only to 3., From 3 to 6 there are 10 subdivisions between the
rumbers from 6 to 1 (10) there are only 5. You always have fo watch with log
(ratio) paper tc take snccount of these changing subdivizions, )

The only other plane where, in using log paper, you are likely to go wrong is
this, Refer again to paper 3135. Suppose you have multiplied the scale by 10 8o
that the lower cycls represents 10 to 100, the upper cycle 100 to 1,000. You have
plotted 98, one line below the 100 line in the middle of the page, Your next
value is 102, It is not the next line up. This is why: The line next above
called 2 represents 200--a value a whole 1 or higher. The twenty subdivisions
between lines 1 (100) and 2 (200) thus each represcnt 5. The value 102 would
thus be plotted 2/5 of a space above the center 1 (100) line,
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Two Things to Keep in [find

The two things you have to keen in mind in using log paper are therefore:
(1) change scale by multiplication only and (2) watch out for the changing numbers
of subdivision lines.

The Effect of Plotting on Ratio Ruling

You will get a pretty good idea of the effect of plotting on ratio vs. arith-
metic ruling by vworking out the problems which go with this lesson.

The chief reason why, for cycle analysis, you have to use ratio ruling {or
logarithms of the data on arithmetic paper, which is the same thing) is that, for
the most part, cycles express themselves percentage-wise. For example, a certain
business has a summer (July) peak of about 15% of the yearly average. This vas
true vhen the business vas small; it is still true nov that it is bdig. If you
plot the monthly sales on arithmetic ruling vhen the business was small the
summer peak will be too small to see. On ratio ruling all summer peaks will be
the same size. !'hat is true for the 12-month or seasonal cycle holds true for
cycles of other lengths also.

A second reason for using ratio ruling (or logs of the data on arithmetic
ruling) is this: Cycles are almost always isolated as percentages. But vhen ve
come to project percentages the questions arise, "What is the projection in
dollars (or tons, points, index numbers, or vhatever)?" To get dollars (or
vhatever) you are going to have to project the cycle in percent and the trend
in dollars and multiply the trend by the values of the cycle.

In the example given above, to get dollar sales next summer you are going to
have to say, "The cycle cells for July 15% above the yearly average. I estimate
next year's yearly average at $100,000 a month. The cycle and trend together
will therefore give us $115,000 for next July, if ry guess of tho yoarly average
i right and if the cycle continues."

Tow this is not the place to get into trend projection. This is the place,
however, to tell you that trend (smoothly changing values from year to year) can
be estimated much better from values plotted on log charts (ratio ruling) than
from values plotted on arithmetic charts. Thus, you have your second reason for
using ratio ruling in cycle analysis.

WYhen to Use Ratio Charts in Cycle Analysis

You alvays use ratio ruling for preliminary reconnaigsance of (a) data con-
taining trend or (b) data characterized Ly large fluctuations,

You can, of course, tell from the figures themselves the amount of trend or
the amount of fluctuation involved.

S el e e

arithmetic paper.
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How big is large? Offhand I would say fluctuations as big as 209 up and down

from the avcrage of the group requires log vaper. Fluctuations less than this can
be plotted on arithmetic paper if there is no trend.

For serious vork in cycle analysis, however, you will omit the use of log

paper altogether. You vill convert your data at once to logarithms and plot the
logarithms on arithmetic ruling. You do this for two reasons: One, for ease of
computation, and tvo, for flexibility in scale. (i’hen you plot on log paper you
have to use the scale srovided by the manufacturers of the paper. UWhen you plot
the logs of the data on arithmetic paper you can choose any scale you like.)

text

* * *

All of this 1ill become more clear after you study the assignmcnt in the
and vork the problems.

Assignm-nt

Read Chapters 7 and 8 in the text Business and Economic Statistics by Spurr,
Kellogg and Smith. This book is being sent to you under separate cover.

Study the section on "Ratio Charts" which begins at the bottom of page 158.

Solve the problems for Lesson I and send your answers to lfiss Shirk. 1In
doing this, please follov these instructions:

a. Be sure to put your name in the upper left hand corner of every piece
of paper you send,

b, Title all papers and charts. Every plece of paper should have a name,
telling vhat is on the page, and/or what work is done on that page.
This should be at the top, centered, and separated from the body of
the work on the page.

c. Keep the work legible.

d. Alvays use the problem number in connection with your ansver.,

e. Urite as soon as you meet ANY vork which is not clear to you. Ask
questions as often as necessary.

For each problem tell me how long it takes you. Also please tell me hov
long it takes you to cover (a) the lesson, and (b) the assignment.

Do you want assignments to be (a) longer (b) shorter?

Do you vant problems to be (a) harder (b) easier?
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Legson 1 - Problems

Problem 1. Compute the successive differences and the successive percentage
differences of the following nmumbers and plot the numbers on both arithmetic
and one cycle log paper.

: a. b.
Numbers Which Increase by a Numbers /hich Increase at a
Constant Amount Constant Rate
A B c A B C
One Item One Item One Item One Item
Hoving lHoving lHoving Hoving
Number Difference Percent Numdbers Difference Percent
1.0 1.00 . '
1.5 5 50 1.20 .20 20
2.0 .5 33 1.44 .24 20
2.5 etc. etc. 1.73 etc. etc.
3.0 2.07
3.5 2.49
4.0 2.99
4.5 3.59
Problem 2, Plot the following data on arithmetic paper and on two cycle
log paper.
. -omber of Pairs of 8hces Sold by General Store
Kumbers of Pairs Sold
Honth 1952 1953
January 91 67
February 83 55
Harch 216 101
April 532 312
Hay 324 156
June 105 55
July Sk 27
August 103 51
Sept ember 714 253
October 638 209
l'ovember 229 99

December 113 84
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Problem 3. llake up a series of about ten figures and include the values
2.5 and 8,000 in your series. DPlot the series on both arithmetic
and log paper with a suitable nmumber of cycles.

Problem 4., Plot this series of percentages on both arithmetic and one cycle

log paper.
103.3 98.3
102.1 99.9
100.6 100.2
99.5 101.7
97.4 102.7

Problem 5. Plot the stock price figures given in Data, Page 1 on a sheet of
11" by 17" two cycle log paper and on an 11" by 17" sheet of a arith-
metic paper.

On both charts for the time scale across the bottom give each space the
value of one year. For convenience, in this instance, plot the data on
the vertical lines rather than in the space between. Have the first
vertical line represent 1850. This will place the 1854 value on the
fifth vertical line.

For the arithmetic chart, choose your own vertical scale.

For the log chart use the first cycle 10 to 100, the second cycle 100
to 1,000,
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STANDARD PRACTICE INSTRUCTIONS

2, CHARTING

1, Alvays write on each chart the name of the time series involved, For
example, Steandard and Poor's Corporation Cpmbined Index, Annual, 1935-39 *= 100,

If a chart is more than one page long, put the name of the time series
on eacb page.

2, Under the name of the time series put an exact description of what is
being charted. For example, "Deviations of the data from their 9-year moving
averaps trend."

3¢ Always code and number each chart for ready reference, If the chart
extends over more than one page, use the same chart number for all pages, but
add page numbers, Put code and chart number (and page number, if any) in upper
right hand corner. For example, S, & P, C. Ae--1, otc,

4, Always initial and date the chart using the upper left hand corner for
the purpose,

5. Always put the source of your date on the chart. For example, Tabula-
tion Sheet 1, Column G,

6y Before plotting figures enter number and name of chart ento index sheet,
7. Always check plodting and mark it "Ck'd" with an initial and date,
8, Plot points in the center of the time period involved if the date

cover & period of time. Any departure from this prastice should be noted

on the chart,

9, Mark all soales clearly, Be sure to note what the scale is, (such
as dollars and tons) as well as the numerioal values &f the scale,

10, If there are more than one line on a chart, be sure to label them,



Lesson I
Supplement 1
Page 1

LESSON 1
Supplement 1
INTERPOLATION OF DATA
Question from one of the students:

"Lesson I states, 'Time is always indicated on & uniform scale. Values for
Saturdays and Sundays must be estimated and interpolated.* I understand from the
statement that this is so. But I wonder why. Why would it not be better, say, in
the case of the stock market figures to leave Saturdays and Sundays.(and possibly
all night-time hours as well) out of the time scale. It would seem to me that
since the data are based only on the working hours of the Exchange, it would be
much more accurate (and possibly even quite revealing to a cycle reader) to plot
them on a time scale which accurately portrays the time factors involved. For, after
all, time is only a relative term."

My ansver:

The crux of the matter is this: Are the forces which produce regular signifi-
cant cycles generated merely by the trading or during trading time, or are they pro-
duced irrespective of trading--that is, are they external to the trading? If the
former, you should ignore time when the exchange is closed. If the latter you should
interpolate to account for it:

To illustrate better what I mean, let me tell you of a little game my children
used to play when they were young. One would say 'Freeze!" whereupon everyone would
stay stock still in whatever position he might be--fork halfway to mouth, for example,
or one foot upraised--until the child who had said '"Freeze!" said "Unfreeze!"

Now imagine a four day cycle in the market with a crest on a particular Tuesday.
If it is symmetricel the low would be on Thursdeay. Friday it would be on the way up.
If it is a four calendar day cycle it will reach its crest on Saturday, when the
market is closed. If, however, it is a four market day cycle, it will be as if some-
one said '"Freeze!" as the market closed on Friday and said "Unfreeze!" when the mar-
ket opened on Monday or Tuesdey or whenever. In this event the four day cycle would
not crest on Saturday. It would be "frozen" and would "unfreeze" on the day the
market opened--gay Monday.

Now daily cycles in the market could behave this latter wey. In fact, they may
behave this way. I do not know. I have not done enough work in daily market cycles
to find out. However, I assume that they do not.

I assume it because the longer cycles do not seem to immobolize when they suffer
a gap. For example, during the war the production of passenger cars was completely
suspended., 'Freezel!"” After the war production was resumed. "Unfreezel!" But the
kl-month, 36-month, and 23 1/3-month cycles in these figures did not freeze. They
came back into operation after the wajy just as if they had been operating in a vacuum
ell the time the war had been going on. They did not pick up where they left off.
They picked up where they would have been if they hadn't left off.
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Because the longer cycles behave this way I assume they are the result of ex-
ternal forces which play upon the human beings involved. By analogy I assume that
the shorter cycles, about which I know very little, alsc behave this way. But I
may be wrong. (Every man is entitled to his first mistakel)

Shall we put it this way: In the absence of evidence to the contrary, I con-
sider it more fruitful, in the first instance, to look for short cycles in the
market on 8 calendar day basis than on & market day basis. However, in finel analysis
it isn't what I think. Nor is it what you think., It's what the facts are! The only
way to settle the matter would be to study the market for cycles on both bases and
find out which way turns out to be more productive.

I assume it is self evident that if short daily cycles in the market operate on
a calendar day basis you won't be able to find them if you fail to interpolate values
for the days the market is closed; and of course vice versa.

Finally, if I am right in thinking that the cyclic forces, like Cascarets
operate "while you sleep," it follows that it would be almost useless to try to find
hourly cycles in the market. With the market closed for three quarters of each day
as well as on week ends, the job would be well nigh hopeless.
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LBSSON I
Supploment 2
1OR:} ABOUT RATIO SCALE
It may heln you to understand the difference between ratio scale
and arithmetic scale if I reprint for you two articles which have ap-
peared in Cycles.
The first article, called "The Ratio or Semi-Logarithmic Scale,"

is reprinted from Cycles for October, 1952, pages 278-281,

The second, called "Logarithms Confusing," was reprinted from
Cycles for Sentember 1952, page 2U5. It anticipates a little the

sub ject of logarithms, to be treated in full in Lesson II-A,



THE RATIO OR SEMI-LOGARITHMIC SCALE

In a letter printed in the Letters
section of our September 1952 report |
promised a discussion of the ratio or
logarithmic scale. Tn accordance with that
promise J am printing herewith the follow-
ing comments, taken in part from Cycles—
The Science of Prediction, a book written
a number of years ago by Mr. E. F. Dakin
and myself.

The sotid line in Fig. 3, printed
below, shows the sales of a hypotletical
iusiness that grew 00 per cent in the
first five year period, from 1905 to 1910,
807 in thbe next five-year period, 70 per
cent in the next, and so on. The rate of
growth, that is, declines 1N per cent in
each five-year period, and falls to a Jevel
of 20 per cent in the five-year period from
1940 to 1945.

The curve in Fig. 3 gives little or no
visual warning of the drastic fall-off in
sales that lies immediately ahead (as
shown by the broken line in this chart) if
the growth pattern continues in the future
as in the past. If this pattern does con-
tinue, the sales in 1950 wil} lLe only 19
per cent more than the sales in 1945, and
the sales in 1955 will show no erowth
whatever when compared to 1950.

In order to make this situation visual-
ly clear, many businessmen and students of
trends prefer to plot all data pertaining
to growth on what is known as a ratio (or
semi-logarithmic) scale. On such a scale
equal vertical distances represent equal
parcontags change.

let us illustrate by charting the
egrowth of another husiness using Loth the
arithmetic and ratio scales.

The lusiness starts at a sales volume
of $2,000 a year; the second year it
doubles its sales to ®4,000; the next year
it doubles again to $8,000.

On the arithmetic scale these facts
would be represented in a chart laid out
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as in Fig. 1.

On a ratio scale, the same facts would
le represented on a chart laid out as in
Fig.la.

Notice that on a ratio scale the num-
ters on the vertical scale represent equi-
distant percentage values, and come closer
and closer together, in a way that inter-
poses the same vertical distance lLetween 4
and R as letween 2 and 4 (because 8| Lears
the same relation to 4 that 4 bears to 2).

A straight line plotted on a ratio
scale means that the rate of growth is
constant. (Such a state of affairs, of
course, never exists for long in any real
situation.)

When the rats of growth declines as
the business or the organism gets older,
this decline is represented on a ratio
scale Ly a Lending-over in the line.

Thus, if the Lusiness cited here grew
from $2,000 in its first year to $4,000 in
its second year, and then grew an equal
smount—from £4,000 to $6, 000 — from its
second to third year, these facts would Le
shown on ratloe scale as in Fig. 2a.

On the other hand, using the arithmetic
scale, the line would continue from the
second to the third year at the same siope
as from the first year to the second, giv-
ing no visual sugeestion that the rate of
growth was declining. The same figures
plotted on the arithmetic scale would }ook
as shown in Fig, 7,

Further to compare the difference be-
tween arithmetic and ratio scales, the
sales of the hypothetical tusiness, dis-
cussed first above, are charted in Fig. 2a.

One advantage of such a plotting is
that it shows directly the falling off in
the rate of growth, and permits making a
visual or freehand projection into the
future that is much more likely to be
fulfilled than any similar projecting of a
chart on the arithmetic scale.



Hatio scales are usnally laleled as
such. Tf not, they can le recosnized from
the fact that the numbers on the scale
come closer and closer together as they
grow larger, as in Fig. ]a & Fig. 2a alove;
or else, for equal intervals, the numbers
get proportionately larger and larper, as
in Fig. 3.

The interval from one numler—let us
say 1 —on the vertical scale of a ratio
chart to the number ten times higher, in
this instance }0, is called a ‘‘cycle.” The
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Fig. 1. Equal Rate of Growth—Arithmetic
Scale.

Sales of a hypothetical lusiness organ-
1zation showing constant rate of growth.
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Fig. 2. Equal Amounts of Growth—Arithmetic
Scale.

Sales of a hypothetical l'usiness organ-
ization showing constant amount of growth.
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same distance is used to represent the
next tenfold growth, from 10 to 100, and
so on. In reading a curve plotted on ratio
scale, one should always look at the
vertical scale to see how many cvcles are
involved.

So that you may make additional com-
parisons of data charted on ratio and on
arithmetic scales, Three other series of
figures have bLeen plotted on both ratio and
arithmetic rulings, namely Figs. 4 and 4a,
S and 5a, and 6 and 6a.
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Fig. la. Equal Rate of CGrowth—Ratio Scale
Sales of a hypothetical business organ-
ization showing constant rate of growth
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Fig. 2a. Equal Amount of Growth—Ratio
Scale.

Sales of a hypothetical business organ-
ization showing constant amount of growth.
Ratio scale.
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Fig. 2. Trend of a Hypothetical Business
Organization

Data—1005-1945, with a projection to
1955. The projection is hased on the as-
sumption of a continuation of the constant
decline of the rate of growth.
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Fig. 4. The Trend and the Cycle

Trend of a hypothetical business organ-
ization as shown in Fig. 3 with a regular
9-Year Cycle of 20 per cent amplitude

superimposed.
AY
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Fig. 3a. Trend of a Hypothetical Business

Organization. Ratio scals.

Data 1905-1945, with a projection to
1955. The projection is based on the as-
sumption of a continuation in the constant
decline of the rate of growth.
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Fig. 4a. The Trend and the Cycle.

Trend of a hypothetical business organ-
ization, as shown in Fig. 3, with a regular
cycle of 20 per cent amplitude superim-
posed. Ratio seals. Note that when one uses
ratio scale, the wave has equal alsolute
magnitude throughout.
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Fig. 6. Index of Spanish Trade.
Data~1530-1650 (after Davis and
Hamilton) together with Trend.

Fig. fa. Tndex of Spanish Trade.Ratic scale.
Data 1530-1650, (After Davis and
Hamilton),together with trend.



LLOGARITHV
flear \MIr. Newey:

Although T have heen sutscriling for a
number of vears, the mechanics of the
preparation of charts, particularly loca-
rithm, etc., is very much over my head.
Someday I hope to strucele out of the
al'solute novice class and te altle to
render a little genuine appreciation of
the fine work T think you are 4oine.

Meanwhile, | do get some i:deas out of
some of the charts that are presented.

Verv truly yours,

Pear Mr. -

T will try to pive tbe suliject of loca-
rithmic charts a little space in a future
report. In the meantime, 1t may help vou
to remember that a chart of the logarithms
of a series of numlers looks' just the same
as a series of numlers plotted on log
paper. In either event, as far as cycles
are concerned the effect is merelv to pull
down the peaks and deepen the trouehs. For
examnle, if vou had a series of waves that
ran from 75 to 1?? fthat 1is, from 75 lelow
the axis to 22 alove) and plotted this
curve on log naper, the crest at 122 would
show up the same distance from the axis or
1007 Jine as the 75% troughs would le
below it.

For most purposes you can forpet that
my charts are plotted on log paper or are
logarithms plotted on arithmetic paper and
read them in much the same wav as you
would read charts plotted on arithmetic
paper.

Cordially yours,

In order to illustrate the alove letter
the three charts on the right are repro-
duced for your convenience. Curve A repre-
sents a series of fipgures plotted on
arithmetic scale. Curve ¥ shows the- same
figures plotted on ratio or semi-log scale.
And in Curve C the logarithms of the same
series are plotted on arithmetic scale.
Note that Curves I’ and C are identical.

S CONFUSING
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ABOUT PROBLEM 1

The idea here was to illustrate how a2 series of numbers increasing by con-
stent amounts compares to a series increasing at a constant rate (per cent) when
plotted on arithmetic paper and when plotted on log paper,

The numbers increasing by a constant amount make a straight line on arith-
metic paper, but the line bends over on log paper as the percentages become
smaller.

The constant per cent line on the srithmetic paper will bend upward, but
will be a straight line on log paper.

Thus, by using logs on arithmetic pasper, or numbers on log paper you get
the same result - which is to have equal percentage changes cover equal areas on
the chart.

The application in the course is that we use logarithms -~ plotted on arith-
metic paper - and we want to be sure you know what it's all about,

Here are two scratch charts which illustrate the point.

On Arithmetic Scale: On Log Scale:

Curve A/ /
//;> urve B

Curve A increases by & constant amount.
Curve B increases by a constant per cent.
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LESSON I1

USE OF RUMBZRS
AVERAGES
IFNDEX NUMBLRS
TABULATION

We are making a cycle analysis of certain stock market averages.

The first step in making a cycle analysis is, almost always, to meke a chart
of the data on log paper.

You have done this for the stock market figures for part of your work im
connection with Lesson. ;,

From this chart you were able to see by inspection that the figures include
a trend factor. They do not oscillate up and down around a horizontal axis like
a curve of barometric pressure, for example, They tend to increase gradually
over a period of time. This gradual increase is called the trend. It must be
removed.,

As I stated in the introduction, there are many possible trends that we could
use. For the stock market figures, however, I want to use a moving average trend.

The computation of moving average trends involves averages. Averages in-
volves arithmetic. Hany of the time serties you will deal with in cycle analysis
are in the form of index pumbers. Time series of this sort are usually best made
by posting the figures into a tabulation.

There is nothing much in ave:ages, in the use of pumbers, or in index numbers
that you did not learn b the time you reached the eighth grade, or that is not
a simple corollary of what you had learned by that time.

However, I want to make sure that you have not forgotten anything. I want
you to realize the pertinent corollaries of what you have learned, I want to be
sure you knov some short cuts. Therefore, I am using Lesson II for a hurried
review,

Because Hessrs., Spurr, Kellogg and Smith have covered the subject as well as
1 could (and probabdbly detter), I am going to save myself work by referring you to
them for the text for this lesson. '

Bop voyage!
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Aasigggent

Study the following parts in Business and Economic Statistics by Spurr, Kellogg,
and Smith

1. Chapter 2: "llow to Handle MNumbers," This begins on page 17,
owever, omit the section on square roots,

2. ChaEtar 10t "Averages." Becmuse we are working with time series
rather than Static data, omit the sections about grouped dé&ta, and
study the following:

a. Page 197 through to, but not including, the subdivision "Gmouped
Data" on page 199,

b. Page 203, the section on "The Median" through to the subdivision
"Grouped Data™ on page 204,

¢c. Pge 207, the seoction on "The Mode" through to the subdivision
"Grouped Data" on page 208,

d. Page 210, "The Geometric Mean" to "Grouped Data" on page 212.
0e Page 212, "Which Average To Use?" to the bottom of page 215,

3, Chapter 12: "Index Numbers." Study pages 242-247. Read as much
of the rest of this chapter and the next one (Chapter 13: "Some
Important Indexes") as your interest diotates. The more you know
about the construction of index numbers the better.

Copy the Standard and Poor's Corporation stock market averuges, 1854-1963,
sent you with the "Inlroduction,™ onto 11" by 17" tabulation sheets in
accordance with Standard Practice Instructions No, 3, enclosed. Tabulation
sheets are dlso enclosed.

Keep this tabulation., Do not send it in yet.,

How long did it take you to study each of the three mssignments listed above?
How long did it take you to copy and compare the stock market averages?



SPI--3
Page 1

STAI'DARD PRACTICE INSTRUCTIONS
3. TABULATION SHEETS

(A) Annual Dats

l. Alvays vrite on every page of each t-?ulation sheet the name of the time
series involved. For example, Standard and Poor's Corporation Combined Index,
Annual, 1935-39 = 100, Best use No. 3 pencil or ink.

2. Always code and number each page of each tabulation sheet for ready ref-
erence. Put code and tabulaticn sheet number and page number in upper right hand
corner. For example, S. & P, C. A.—1. S, 1, Page 1, etc. Yo matter how many -
pages are involved the whole set of pages is called Tabulation Sheet 1, or whatever.

3. Alveys initial and date the tabulation sheet, using the upper left hand
corner for the purpose.

4, Leave the first column of your tabulation sheet Blank for binding holes.

5. Into the second columr of your tabulation sheet enter the years in
succession. imter every yeor from end to end even if you have no data for that
particular year. This column is called the stub. Head it with the word Year.
Fill the page solid. Do not leave any empty lines. Do not leave the last line
on the page blank.

6. Into the third column of your tabulation sheet enter the data. This
column is called the first column of your table (the binding colwm and the
studb are not counted). Head it with the letter A and the word Data. The remain-
ing columns will be lettered B, C, D, etc. and will contain various manipulations
of Column A, or other numbers,

7. Alvays hcad everv column clearly to shov exact{ly what the numbers are
which it contains.

8. Alvays »Hut source of data on tabulation sheet. Yhen the mumbers in
any other column of a tabulation sheet come from some other source, enter the
source at the end of the column, at the bottom of the last page of the tabula~
tion sheet or on a separate page. .

9. Initial and date each column as the work is completed. Place these
initials and dates at the bottom of the last page of a tabulation (or on a
separate pcze).

{(The initial is not immortant unless two or more people are at work on the
Job, but it is good practice anyvay.)
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10. A1l copying should be compared. 31 manipulation should be checked.
After the comparing and checking of each column, note "compd" or "ckd" and the
date and your initial.

11, VYhen figures in any column of a tabulation sheet are charted alvays put
chart number at the head of the column for cross reference.

12. In filiné your tabulation sheets, fold them as follovs:
80 that the folded sheet vill be 84" by 11" and the number of the
tabulation sheet can bs read.

13. Tabulation sheets should be filed in numbrical order in the folder
or section of the three-ring bdbinder devoted to this particular time series
and labeled "Tabulation Sheets."

(B) lionthly, Veekly, and Daily Data

Instructions for making tabulation sheets for monthly, weekly, and daily
data are the same as for annual data excent that two columns must be left for
the stub. Use the first column for the name of the month and year or date.
Use the seccnd for the month, week nmumber, or day number.

I w111 furnish you with standard month numbers, veek numbers, and day numbers
as you need them.

Alvays leave a line for every month, week, or day even if you have no cdata.
For example, in listing daily stock market data leave blank lines for Saturdays,
Sundays, and holidays. :

Do not leave any blank lines in your stub. Fill every line of the stud
solid. For example, do not leave a blank line at the end of a year. Jamuary
1947 mst follow on the next line after December, 1946.

i
I
Do not bother to put the year after any month except January. Thus: ¥ ;
|
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LESSON II-A
LOGARITHMS AND HOW TO USE THEM IN CYCLE ANALYSIS

The use of logarithms in cycle analysis makes the work a lot
easier, and for some aspects of the work is essential.

As you can learn all you need to know about logarithms in a few
minutes, you might as well use them in spite of the formidable name.

Logarithm

Every number has a corresponding logarithm, or log. Conversely,
if the log of a number is given, the number itself (antilog) can be
determined. A table of logs is given in the text on pages 546, 547,

1. If you add the log of one number to the log of another
number, you will get a log of a number which is the product of
the tow numbers with which you started.

For example, the log of 100 happens to be 2. The log of 1,000
happens to be 3. If you add 2 to 3 you get 5. Now 5 is the log

of 100,000, the product of 100 and 1,000. Thus, by using logs
you can substitute addition ofr multiplication.

Another example: Multiplu 28,184 by 33, 113,

The log of 28,184 is 4.450
The log of 33,113 is 4.520
Add: 8.970

The number of which 8.970 is the log is 933,260,000. This number
is very close to the product of 28,184 and 33,113 as you can
easily confirm by actually multiplying the numbers. {(The actual
product is 933,256,792, which we could have obtained by using
more decimals for our logs.)

2. the second characteristic of logs follows from the first. It
is this! If you subtract the log of one number from the log of
another number you will get the log of a number which is the
quotient of the first number divided by the second number. That
is, by using logs you can substitute subtraction for division,

Using our same examples:
The log of 100,000 is 5
The log of 1,000 is

3
Subtract: 2
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The number of which 2 is the log is 100. This 1s the same answer
that you would get 1f you divided 100,000 by 1,000.

Similarly.

Divide 933,260,000 by 28,184.
The log of 933,260,000 is 8.970
The log of 28,184 1is 4,450

Subtract: 4.520
The number of which 4.520 1is the log 1s 33,113.

If you will actually divide 933,260,000 by 28,184, you will
quickly see the advantage of logs.

3. The third characteristic of logs is this: If you multiply the
log of a number by any number you get the log of a number which
is the corresponding power of the first number.

Thus if you multiply the log of 12, which 1s 1.0792, by 2, you
will get 2,1584, which is the log of 144. As you know, the 2nd
power or square of 12 (12 times 12) 1s 144,

If you multiply the log of 12, which is 1.0792, by 3, you get
3.2376, which 1s the log of 1,728, the 3rd power or cube of 12
(12 times 12 times 12).

4. Conversely, if you divide the log of a3 number by a number, the

result will be the log of the corresponding root of the number.

For example, of you divide 2.1584, the log of 144, by 2, you will
get 1.0792, the log of 12, which is the square root of 144,

Thus, the use of logs enables you, at small effort, to substitute
(a) addition for multiplication, (b) subtraction for division,
(c) multiplication for the raising to a power, and (d) division

for the extraction of a root.

Advantages of Logarithms

Prom the standpoint of cycle analysis, if ycu have access to .
modern calculating machines, with automatic multiplying and automatic

dividing attachments,
is not as great as it
In cycle analysis the
by themselves) is not

the use of logs for multiplication and division
is if you do not have access to such machines.

raising of numbers to powers (multiplying them

often needed. but for computing geometric

moving averages, a frequent operation in cycle analysis, logs are
essential. Even modern machines cannot give you the 9th root or the

17th root of a number

without the aid of logs.
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Logs have another advantage from the standpoint of cycle
analysis: They avoid the use of log paper, which is otherwise
indispensable. This comes about by reason of the fact that a chart of
the logs of a series of number, when plotted on arithmetic grid, gives
you the same curves you would get by plotting the actual numbers on
log grid. Not only is the plotting on arithmetic grid easier, but it
is more flexible, for you can choose any scale you wish instead of
being limited to the scales provided by log paper manufacturers.

To summarize: Except for preliminary reconnaissance, the use of
logs for cycle analysis is always desirable and in any instances
essential. As all you have to learn, in addition to what I have told

you above, is how to use a log table--and this is very simple-—the
effort is easily worth while.

HOW TO USE A 1.OG TABLE

Common logs are divided into two parts, (1) the part to the left
of the decimal point, called the characteristic, and (2) the part to

the right of the decimal point called the mantissa (so named by John
Wallis in 1693 from a Latin word meaning an addition or make weight).

The characteristic you have to compute: the mantissa you look up
in the table or read from a chart. You proceed thus:

First, to compute the characteristic:

For numbers, 1 or more, the characteristic 1s positive and
is one less than the number of digits in the number. For
numbers less than }, the characteristic is negative and one
more than the number of zeros to the right of the decimal
point. Thus--

Number Characteristic
45610. 4
4561. 3
456.1 2
45.61 1
4.561 0
4561 -1
.04561 -2
.004561 -3
.0004561 -4

Second. To find the mantissa:

Find your number, disregarding the decimal point, in a table

of mantissas (commonly called a table of logarithms). Find
and record the corresponding mantissa.
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You already have a reference to your table of logs
(mantissas). All the mantissas given are understood to be
preceded by a decimal point.

The table on pages 546 and 547 is a four-place table. 1In it
you locate the number you are looking up in the stub at the
left and in the column headings across the top. The
corresponding mantissas are in the body of the table.

Starting at the upper left-hand corner of page 546 you will
see that:

If the number is 100, the mantissa is .0000

101, .0043
102, .0086
110, .0414
199, .2989

When a number falls between the ones shown on the table,
(that is, if the number has four significant figures), vou
must interpolate to get a more exacl mantissa. If the
number you have 1s 101,200, the mantissa would be two-tenths
of the way between .0043 and .0086. OR, .2(.0086 - .0043)
.00G43 - ,0052.,

A five place log table would enable you to read .0052
directly from the table, and would probably spell out the
proportionate parts of the mautissas for numbers having five
significant figures.

Third, combine the characteristic and the mantissa.

In making the combination, a positive characteristic
precedes the mantissa. A negative characteristic
either (a) follows the mantissa, or (b) has its
negative sign printed above it to emphasize that it is
only the characteristic which is negative, not the
mantissa, or {(c¢) it is written in a combined positive
and negative form as shown below.
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For example:

Number Character- Mantissa Log
istic
45610. 4 . 65906

4561. 3 .65906 4.65906

456.1 2 .65906 3.65906

45.61 1 .65906 2.65906

4.561 0 .65906 1.65906
L4561 -1 .65906 1.65906 or 0.65906-1 or 9.65906-10
.04561 -2 .65906 2.65906 or 0.65906-2 or 8.65906-10
.004561 =3 .65906 3.65906 or 0.65906-3 or 7.65906-10
.0004561 -4 .65906 4.65906 or 0.65906-4 or 6.65906-10

In cycle analysis it is usually possible to avoid negative
logs complerely, but you should know that if you want to
divide a negative log by a figure, you should make the
negative characteristic this number or a multiple of it by
suitable adjustment, as follows:

Log Division Log Rewritten Log Divided
0.65906-1 2 1.65906-2 0.82956-1
0.65906-4 3 2.65906-6 0.88656-2
0f course mantissas do not have to be positive. For
example:
.0650 - 1 = -.9350
but, 1f you use negative mantissas you will have to
reconvert to positive mantissas before looking up values
in the tables, as all mantissas in tables are positive.

If one number is bigger than another, the logarithm of the bigger
number is always bigger than the logarithm of the smaller number, but
not quite as much bigger.

Logarithms cover all values in the range from zero to infinity.
A negative number cannot have logarithm.

Graphic Logarithms

Tables of mantissas are also obtainable in graphic form in a book
called A Graphic Table Combining Logarithms and Anti-Logarithms by

Lacroix and Ragot, which you can buy through any bookstore.' For my
part, I prefer the graphic logs. The book contains a four-place
graphic log table and a five-place graphic log table. with care you
can read the four-place table in five places and the five-place table
to six places. If you are doing a good deal of work with logarithms,
I suggest that you add this book of graphic log tables to your
library.
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In using graphic log tables, you find the number in the left-hand
part of the stub in the column marked N, and on the scale above the

line. You find the mantissa on the right-hand part of the stub in the
column marked L, and on the scale below the line.

Anti-logarithms

Anti logarithms are merely the numbers corresponding to
logarithms.

You look up the mantissa of the log in a logarithmic table and
see the number to which it corresponds. You then place the decimal
point as indicated by the characteristic. For example, if your
logarithm is 2.4639, you find .4639 in the log table. It is on page
546 on line 29 and in column headed 1. The digits of your number are
291 and the characteristic, 2, tells you that the decimal place is
after the third digit; thus, 291.

If the mantissa of your logarithm had been .4644, you would have
had to interpolate from the table of proportional parts to obtain the

number 291.3.

Rounding Logarithms

The four-place mantissas, given in the text, are more accurate than
you will usually need for cycle analysis. Where the cycles are of
important amplitude, percentapge-wise, you can round the Jogarithms as
given in the table to three places and usually have sufficient
accuracy. Never 1ndulge in unnecessarv accuracy. It 1s specious.

For cycles of small amplitude, four-place logarithms are
required.

Charting Logarithms

You chart logarithms on ordinary arithmetic paper. The curve you
obtain is the same as the curve you would get by plotting the data on
logarithmic paper with a corresponding scale. See Lesson I, covering

the subject of charts and charting.

In general, the curves of logarithms look much the same as curves
of the numbers except that (a) curves concave upward often become
convex upward and that (b) cycles in the lower part of the curve are
accentuated; cycles in the higher part of the curve are flattened.

You will have demonstrated this to you own satisfaction by your work
in Lesson I.
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NOTE

Spurr, Kellogg, and Smith logarithm table is set up for only
three-place numbers. (it gives four-place logarithms but only three-
place numbers.) Thus, if you want to know the log of 123, for
example, you can read it directly from the table, but if you want to
know the log of 1237 you have to interpolate.

It is a lot easier to use log tables set up for four-place
numbers but naturally they are ten times as long (20 pages instead of

2 pages).

If you plan to do a good deal of work with logs you might want to
pick up at a second-hand book store somewhere a statistical textbook
containing one of the longer tables.

Incidentally, my clerks all prefer my book of graphic log tables.
From such tables you read the number on one scale and read the log on
the other one. A book called A Graphic Table Combining Logarithms and

Anti-Logarithms by Lacroix and Ragot (MacMillan) gives four- and five-

place tables for both numbers and logs. With care the five-place
tables can be read to six places. I think the boock costs §$3.50. Any
bookstore can get it for you i1f you find yourself interested.

Study the section in the text on lcgs. This 1s on pages 543-545.
Work the following problems:
Problem 1. Find the logs of each of the following numbers:
89,400
.00643
4.41
Find the numbers of which the following are logs:

1.9518

8.8425-10
3.3936



Problem 1:

Problem 2:

Problem 3:
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(Contimued)

Solve the following, using logs:
(105 = .001 x vI0,000
(Prove by arithmetic)

Construct on a piece of blank paper the vertical grid for a
one-cycle log chart, allowing 6 inches from the top to the
bottom. Shov only the major divieions 1, 2, 3, 4, etc.

The trend of a series increases anmually at the rate of 3% a
year, compounded. The trend value in 1900 was 55. Vhat ie
the trend value in 19507 In other words, find Trend, where
Trend = 55(1.03)50, (That is, multiply 55 by 1.03 multiplied
by itself 50 times.) Solve by logs.

Look up the logs for the stock market series and enter in Colummn B of the
tabulation sheets. Use 3-place mantissas.
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LESSON II-A-l
THE USE OF LOGARITHMS
Question:
Is 1t all right to use negative logs?

Ansver:

Certainly, if you wish, I sometimes 4o, but mostly I find it better not to.

Here are {A) a series of figures, (B) their logs, and (C) the three month mov-
ing average of their logs. Now, if you want deviations from the moving average,
you can express these deviations either as shown in Col. D or as shown in Col. E
or in Col. F.

A B c ' D E F
Year Data Log 3-Year Deviations Deviations Deviations
of M. A. (£ 2.000 (£ form) (Short
Data of Log form) form)

1901 25 1.398

1902 30 1.477 1.h24 2.053 £-053 £53
1903 25 1.398 1.392 2.006 £.006 L6
190k 20 1.301 1.310 1.991 -.009 -9
1905 17 1.230 1.277 1.953 -.047 47
1906 20 1.301 1.310 1.991 -.009 -9
1907 25 1.398 1.392 2.006 £.006 £ 6

1908 30 1.477
When I use the £ form or the short form I always put negative numbers in red.

As stated in the text, you can never look the negative log up in a log table
until you make the mantissa positive.

Question:

How many places of logs should I use?
Ansver:

Ro more than you have tol!

You'll have to figure it out for each case, until you get used to using logs.
Even then, when something new comes up, you may have to figure it out.

Suppose your data are 11, 12, 13, 95, 96 and 97. Let's convert to logs and
then lett*s convert the logs back to antilogs.
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Kumber 2-place 3-place L.place
Log Log Log
11 1.04 1.041 1.0k1k
12 1.08 1.079 1.0792
13 1.1 1.11h 1.1139
95 1.98 1.978 1.9777
9% 1.98 1.982 1.9823
97 1.99 © 1,987 1.9868
Originsal Antilogs Antilogs Antilogs
values of 2« of 3- of b
place place place
logs logs logs
11 10.96 10.99 11.00
12 12,02 11.99 12,00
13 12.88 13.00 13.00
95 95.50 95.06 9k.99
96 95.50 95.94 96.01
97 97.72 97.05 97.01

Several things should be clear from this table:

1. Antilogs of big logs like .58 do not correspond to the original numbers
as vell as antilogs of 1ittle logs like .0k or .08. Hence, in testing for the con-
sequences of using logs of various sizes always test with the big logs. That is,

if a certain number of places are good enough for the big logs, they will surely
be good enough for the little ones,

2. In the example given, two place logs will not always round back to the
original number. Therefore, they cannot be used. Three place logs will always
give antilogs that will round back to the original figures. Hence they are plenty
good enough. In thie example the use of 4 place logs is silly.
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LESSOR II-B
USE OF NUMBERS
A. Check by Common Sense
Alvays check all copying, all computations, and all charts from the standpoint
of common eense, Is the ansver reasonable? Have the values jumped too much accord-

ing to what is wsual? Is the result exceptionslly large or exceptignally small?

Here are some examples of the sort of thing you should elways do:

Year  Data Mental Comments

1854 22,1

1855  19.8 about 3 down

1856 20.3 " ] up - Reasonable

1857 17.7 " 3 down - "

1858  1k.5 "3 " - "

1859 21,6 " 7 up Wow! Number immediately after is down to 15 too so

(this is quite & peak, 50% up in one yesr. Things don't
(behave this wvay. Let's investigate~-Right number is
1860 15.4 0.K. (12.6. The clerk who did this is a reverser--posted
(21 for 12, Who did 1t? (Look at end of column), M.F.
(Watch M.F. very carefully hereafter and replace her if
1863  16.2 0,K. (opportunity occurs. Reversers are made that way and
(ere hopeless!

1862 21.3 up 5 - 0.K. but check just to make sure. Yes, o0.k.
1863 33.0 up 11 -Wow! But the numbers that follow are up there too,
and it's Civil War time, so I guess its all right,

but I'11 check to make sure (never take anything for
1864 35.2 0.K. (granted)--Yes, o.k. at 33.0.

1865  33.2 0.K.
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Another exannle:
Year Data Loz liental Comment
1854 22.1 1.34L Loz of 2 is .301 so this seers reasonabdble.
1855 19.8 1,297 Both 7o dovmn tozether.
1856 20.3 1.308 Both £o wn a little.
1857 17.7 1.248 3oth go dovn a little.
1858 .5 1.611 Funber goes dovm, log goes up. Srror!! Look up log of

14.5, It is 1.161. Same damn clerk again, I'll bet.
Yes (looking ot initials at end of columm) Ii,F. Ve'll
have to get rid of her as soon as we can.

Another examnle:

A B
Year Data Col.A liental Conment
times 2 . '
1854 221 Lty twvice two ndred and a quarter is about four hundrecd
and a half, o.k.
1855 198 386 tvice nearly two hundred is nearly four hundred, o.k.
1856 203 Lo6 tuice tuo hundred is four hundred, o.k.
1857 177 354 tvice 1 3/t is 3 1/2, o.k.
1858 145 190 tvice 1 1/2 is -- vhat's this? It ought to be about 300,

not 190. Oh yes, should have been 290. ‘'ho did it. J,C,
Teach her to be -ore careful and to check by cormon sense,
if she has any.

I also note that, as the multinlier is 2, all values in
Col. B ghould be even. They are.

Obgserve now that the value for Col. B for year 1855 is wronz, it should have
been 396. Chec-ing by cormon sense won't catch all the errors, but it should cnich
all the big ones, and they are the ones thnt do the most damage. Also they are the
easicst to miss when checl:ing in the ordinary way.

Another cxamnle:
liultiply 146.78324 x L46.40768
The ansvwer obtained is: 68,118.696312832

It is obviously vrons, for 146 by a little less than half a 100 is, by cormon
sensc, a little less than half 14,600.000 etc. or about 7,000,000 etc.

The decimal is in the uvrong nlace. The ansver is 6,811.869 etc.

Alunys check evervthine fron the standnoint of common sense.
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B. Sone Checkine Tricke

Reversed punhera. The difference between two numbers, two digits of wvhich have
been reversed, is alicys divisible dy 9. Thus, if tuo colurms of figures vhich
should total the some, differ by an amount, say 63, vhich is exactly divisible by
9, loo™ for a reversed number in one of the columns. (For examnle 92 covied as 29.)
If the difference is a number not divisible by nine, say 62, there is an error vhich
is not a reversed number.

Castinz out 's. This method is easy and fairly reliadle. It has been known
for 1000 years (but not by me! I learned it only recently from the section on
Arithmetic in the ®ncvclovedia Brittannica).

Here is how it works. Consider the problem 57 plus 2 = 59.
To checlz, divide all terms by 9 to get remainders as follows: 57 29 = ¢,

and 3 remainder; 2 £ 9 = 2€ro, and 2 remainder; 59 ¢ 9 = 6 and 5 remainder.
The check: 3 plus 2 =5

ofe

57 times 2 = 114
To checz divide by 9 to get remainders as follows: 57 # 9 = 6, and 3 remainder;

2 9 = zero and 2 remainder; 114 « 9 = 12 and 6 remainder.
The checlz: 3 tines 2 =6

Short cut:

Add digits of lst numbder (57) 547 =12
add digits of sum 14{2= 3

This is the remainder (as above)

Add digits of 2nd number (2) 2

Tris is the remainder

Add digits of 3rd number (59) 549=14
add digits of sum 144= 5

This is the remainder
3, and 2 and 5 are the remainders
The check: 3 nlus 2 = 5
or, in the nroblem on multinlication get remainder of first two terms sbove.
add dizits of product (114) 14144=6
3 and 2 and 6 are the remainders
3x2z=6

In this short cut method note thnt if you get 9 as a "remainder," you must
subtract 9 to get true remainder of 0. Thus, if you find square root of 1578.42
is 39.72 vith remainder of 7.416, to check let a = 157,742, b = 3972, r = 7k16.

The first addition of digits gives you
a=27,0b=21, and r = 18.

The next addition of digits gives you
=9,b=3,andr=9
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Your check ig a = b° fr
Thie i not 9 =32 £9
but rather 020 fO

Here is another example:

Suppose you multiply 25.78 x 45,7 and get for your answer 1,178.146, 1Is the

ansver right?

To find out:

First add the digits of the multiplicand: 2 £ 5 £ T £ 8 to get 22

add the digits of the sum: 2 /2 to get L remainder
Then add the digits of the multiplier: b £5 /47 to get 16

add the digits of the sum: 1 4 6 to get T remainder
Then edd the digits of the product: 117/ 8 f 1 £ 4 4 6 to get 28

add the digits of the sum: 2 48 to get 10

add the digits of the sum: 1 £ 0 to get 1 remainder

Now multiply the remainder 4 x 7 to get 28

add the digits of the product: 2 £ 8 to get 10

add the digits of the sum: 1/4£0toget 1
l=3

Hence the multiplicetion is probably numerically correct., {The manipulation
is correct unless the error in your multiplication (or in your check) is divisible

By 9.) This method does not check the decimsl point, If the problem does not
check, either the problem or the check contains & numerical error.



cyecles

Cycles are the simplest thing in the
world, at least in principle. Let me give
you an example.

Suppose you are visiting my house and,
looking out of the window, notice a bus
pass by at 10:00 a.m. Half an hour later
at 10:30 you notice another bus pass. At
11: 00 you see another one. ‘*“Ah ha!’’ you
say. “Buses here run every thirty minutes,”
You have discovered a cycle all by your
little lonesome, without benefit of slide
rule or gobbledegook. Cycles are just as
simple as that.

Now what?

Well, first of all, you have a basis
for predicting the probabilities of the
future. If we go in to lunch and come out
of the dining room at 1:05 you will know
that you probably missed the 1:00 o'clock
bus and that, if the cycle is continuing,
your next bus will pass in 25 minutes. So
you chat for about 20 minutes and leave at
1:25 so as to have to stand in the wind
and the rain the least amount of time.

Of course the schedule may have changed,
or the bus have been delayed by an acci-
dent. You can't count for sure on a bus at
1:30. You are merely playing probabilities.

Regularity Gives Predictability

Where you have regularity you have
predictability—at least to the extent
that the regularity governs, and is not
present by chance.

Now let's do same more supposing.

You are overlooking a street near the
center of a small town" Every ten minutes
or so 10 or 15 people come along, more or
less in a bunch. Another cycle! Again you
can predict (with qualifications). More
than this, with this regular result
appearing before you, you have a right to
assume a cause—if the time intervals have
been regular enough and have repeated
enough times so that the behavior cannot
reasonatly be the result of chance.

You don’t know the cause but there is
no law against guessing. So you guess thac

there is a bus station around the corner
and that every ten minutes a bus comes in
and discharges its passengers. If you then
find out that there is a bus station, and
that a bus does come in every ten minutes,
your guess is bolstered. It is bolstered
sti]l more if you find that the buses °
arrive just about the time your bunches of
people have been coming. But you still
don’t know that your people are coming
from the buses. You would have to go out on
the street and go around the corner to
find out for sure.

Other Cycles

You continue to watch and count the
people. You see other patterns. Every
other ten-minute group of people is bigger.
Perhaps there is a second bus with a
twenty-minute schedule that reinforces the
crowd from the first bus.

This is really the whole story about
cycles.

You can predict that part of the traf-
fic that comes in regularly recurring
bunches. You can not predict by your 10-
or 20-minute cycles the crowd of people
that will come along when the feature of
the local movie house is over. Your pre-
dictions are only partial. But they are
good as far as they go if the cycles keep
an coming true, and if you have timed them
right. Moreover, by finding something else
(in the example given, a bus schedule)
with regularly recurring cycles of the
same length you get a clue as to possible
cause and effect and relationship. But to
make sure, you need to run your clue down.

Where you have partial regutarity vou
have partial predictalility. For example,
suppose you have a chart recording your
heart leats over the period of a minute.
Now look at the first half of it only. If
you count 30 lLeats in the 30 seconds you
have under examination you will not Le far
wrong if you forecast another leat at 3]
seconds, another at 32 seconds, etc.



Perhaps, if your heart speeded up a
little, you would Le quite wrong if you
made your projection ten leats ahead, Lut
by making your forecast only a Leat at a
time and revising your forecast each leat,
you could probtally make your prediction
come out fairly well.

Another example of partial predicta-
bility: Suppose you knew that Felruary
1st is, in New York City, on the average,
the coldest day of the year. Suppose, on
the bLasis of this information, you fore-
cast February 1, 1952 as the coldest day
of next winter. It is almost certainly
true that Fel.ruary 1st will le colder than
August lst, but in any given year it may
not ke the very coldest dav by as much as
one or two months. The cycle of the year
influences the weather Lut it does not
completely dominate it. From a knowledge
of the cycle of the vear alone you could
forecast the coldest day only with wide
tolerences, yet the cycle of the year is
very real.

Almost everything fluctuates with
rhythm—that is, in more or less regular

cycles. Putting it another way, almost

everything acts as if it were influenced
by regularly alternating up and down forces
which first speed it up and then slow it
down.

Random Ups and Downs Teo

Everybody would know this fact were it
not for two things: First, in addition to
the cycles there are accidental (random)
fluctuations in things, too. These randoms
hide the regularities so that at first
glance you do not see them. Second, things
‘act as if they were influenced simultane-
ausly by several different rhythmic forces,
the composite effect of which is not regu-
lar at all.

If we had several! moons, the ups and
downs of the tides would be very irregular.
All the other moons would mix things up.
It might have taken us much longer to find
out about the tides.

Separating Cycles Basy

If you have a long enough series of
figures with which to work it is not too
hard to separate the different regular
cycles from each other. When this has been
done, you can project each regular cycle

into the future: Then you can easily find
out the combined or composite future effect
of all the various cycles. When you have
done this you have a preview or what is
going to happen (a) if the cycles continue,
and (b) except as the cycles may be upset
ofdistorted by accidental random non-
cyclic events,

“Why wouldn’t the cycles continue?’’ you
may ask.

I'1] give you one reason: The cycles
may have been present in the figures you
have been studying merely by chance. The
ups and downs you have noticed which come
at more or less regular time intervals may
have just happened to come that way. The
regularity—the cycle~is there all right,
but in such circumstances it has no signi-
ficance. If you are zealous enough you can
find regularity in almost anything,
including random numbers where you know
that the regularity has no significance
and know it will not continue.

Many Repetitions Nesded

How can you tell in any given instance
whether or not the regularity you see is
the result of a real underlying cyclic
force which will continue to fluctuate
regularly in the future?

The answer is, if the cycle has repeated
enough times with enough regularity and
with enough dominance, the chances are that
it is the result of real cyclic forces.

Let me give you an example: Pick up a
pack of playing cards and start to deal.
The first card is red, the second is black,
the third is red, the fourth is black. You
have two waves of a regular cycle, red,
black; red, black. But this sequence could
easily come about by chance. You continue
to deal: red, black; red, black. Four
times in a row now, this regular alterna-
tion. It could still be chance, but it
couldn’t be chance very often. Continue to
deal. Red, black; red, black; red, black.
Seven times now! It could still be chance,
but it is less and less likely. It begins
to look as if somebody had stacked the
cards. You go through the entire deck.
Twenty-six times! “Somebody certainly
stacked the deck,” you say. “It couldn’t
happen this way by chance once in a million
times."”



Less and Less Likelthood of Chance

Exactly the same sort of reasoning
applies to the cycles you see in the ups
and downs of the stock market, or the sales
of your own company, or the weather, or
anything else in which you may be interes-
ted. The more the cycle has dominated, the
more regular it is, and the more timss it
has repeated, the more likely it is to be
the result of a real cyclic force that will
continue. If it has not dominated enough,

. or has not been regular enough, you must
have more repetitions to get equal assur-
ance.

Well then, supposing that there are
these rhythmic cycles in something. Suppose
further that you have some knowledge of
cycles. So what?

By using nothing more complicated than
simple arithmetic you can find the cycles.
By seeing how many times each cycle ‘has
repeated in the past you can have a pretty
fair idea of its significance (i.e. whether
or not it will continue). And by projec-
ting all the significant cycles into the
future you can get some light on what is
ahead insofar as the cycles govern.

Cycle Yorecast Like s Weathear Forecast

In weather we are used to forecasts
in terms of probabilities. ‘“The proba-
bility for the Pittsburgh area is for
snow.’'' When you hear such a forecast
on the radio you don't rush out to put
on your chains. The weather man may be
wrong. You wait for the snow to fall.
Then you put on your chains. But the
forecast warns you that snow is likely,
and on the strength of this fact you
do make sure that you have your chains
with you. If you are to make use of cycles
in your business or your stock market
forecasting you are going to have to
use the same approach. Moreover, just
as you refrain from shooting the weather
man when he is wrong, 1 hope you will
refrain from shooting the cycle analyst
too.

Cycles ladispensable

Cycles are not the whole answer, but on
the other hand they are indispensable in
attempting to arrive at the whole answer.

Cycles remind me of women. Women are not

perfect (with individual exceptions, |
hasten to add). But they are the best thing
so far invented for the purpose. Until
something better comes along we will have
to make shift with them as they are—or
else miss the values they have to offer.
Let’'s find out a1l we can about them!

Cycles Show Us Our Ignorancs

The second reason that the study of
cycles is important arises from the fact
that wherever you have rhythmic variation—
or for that matter pattern of any sort—you
prohally have a cause. For example, if
you scatter iron filings on my desk you
would expect them to be distrilbuted at
random over its surface. If, to the con-
trary, you find them arranging themselves
into a pattern, you have a right to assume
that some unknown force is present—per-
haps a powerful magnet in my too drawer.

Similarly, if you find pattern, or more
specifically rhythm (reasonatly regular
cycles), in the alternate thickness and
thinness of tree rings or rock strata, or
in the alundance of insects, or in the
prices of common stocks, you may be sure
thet there is a cause for such Lelavior.
Also you may le sure that if you do not
know that cause you do not fully under-
stand the behavior with which you have to
deal. Thus the study of cycles reveals to
us our ignorance, and is therefore very
disturling to people whose ideas are
crystalized. * Jf there are regularly re-
curring ups and downs in lusiness or in
prices, all T have ever learned is wrong, "
an eminent economist once told me; and he
added, in a moment of unusual candor, * 1
simply cannot afford to accept such an
idea, All my life's work would Le ruined. "
Many doctors in the days of Pasteur must
have felt much the same way alout perms.

Identical Cycles Suggest Interreslationship

The study of cycles has a third value.
Such study can indicate possilile cause-
and-effect relationships, thus helpine to
solve the very prolLlems it reveals.

For example, when T was a Loy T noticed
that the moon came up alout an hour later
each night. When T visited the seashore |
noticed also that the tide came in half an
hour or so later each twelve hours. I did
not have the wit to go on from there to



note that two consecutive tides were de-
laved Ly exactly the same amount of time
as was the moon, and therefore that there
was perhaps some connection letween the
two. I did not have the wit to make this
ol'servation, I say, lut one of the older
astronomers did. In doing so he demon-
strated the third value of a knowledge of
cycles: Yhere the rhythms in two differ-
ent phenomena have the same average time
span, you are justified in suspecting a
possilile direct or indirect interrelafion-
ship tetween the phenomena.

Scientists Interested

For these three reasons many scientists
are interested in the study of cycles.
First, i1t is the Lusiness of science to
predict; second, it 1s the business of
science to solve mysteries and to learn
the * how” of thines; and third, the true
scientist welcomes any tool that gives hin
hints as to possilble cause and effect re-
lationships. Perhaps 3,000 scientists,
the world over, have concerned themselves
with the subject, and have written s¢ien-
tific papers emliodying the results of
their olservations.

Scientists however, like all the rest
of us, are pretty self centered. Thus the
mammalogist interested in cycles in animal
alundance is usually not much interested
in peological cycles, or in astronomical
cvcles, or in Lusiness cycles. Ve is pri-
marily, and usually exclusively, a mam-
malogist. Likewise the men in each of
perhaps thirty different aspects of nat-
ural and social science are likewise
specialists, each involved in his own
little field.

However, the techniques of cycle anal-
ysis are the same whether one 1s studying
liological data or financial data. And—
much more important—it is only by stud-
ying cycles in all sorts of phenomena, and
finding which phenomena have cycles of
identical average time span, that we are
likely to get hints of cause and effect
relationships.

A New 3cience

These two facts cry aloud for the crea-
tion of a new science~—the science of
cycles—which is concerned with rhythmic
fluctuation ver se, which will develop

techniques of cycle analysis, which wil)
isolate cycles in all the 30 or 10 differ-
ent branches of science where cycles are
important, and which, having assemlled
enough facts, will perhaps someday venture
to advance some theories in regard to
cause and effect,

The Foundation for the Study of Cycles
was created, in ]940, to found such a new
science, and to develop it to the point
where it could serve mankind. Tn the
eleven years which have elapsed since its
creation, the Foundation has made slow but
steady progress,

Tt should Le clear from the aLove re-
marks that the Foundation is purely an
educational and scientific lody and in no
sense a commercial organization. It
exists, not to make money but to serve
mankind.

An eminent group of scientists and ad-
ministrators have lent their names to the
Committee of the Foundation. Various
scientific societies have appointed ad-
visors to help with its awards, and many
individual scientists have joined the
Foundation as scientific memlers. On its
part, the Foundation has tried to maintain
the high scientific standards of the many
universities and institutions here and
abroad which are, through their profes-
sors, connected with it, and T think we
have pretty well succeeded.

Cycles Can Help You, Too

The research of -the Foundation is of
immediate practical value to the average
citizen, too. By uncovering cycles in pro-
duction and trade it throws light on the
probabilities of booms and depressions. By
uncovering cycles in interhational con-
flict it throws light on the probabilities
of war. By uncovering cycles in the prices
of commodities and of securities it
throws light on the probabilities of
panics and of other financial disturbances

The results of the Foundation’s re-
search are made available to the general
pblic by means of reports, bound together
and issued ten times a year in the form
of a magazine called Cycles—A Monthly
Report.

For further information, address Foun-
dation for the Study of Cycles, 680 West
End Avenue, New York 25, New York.
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LESSON ITI
HOW TO MAKE AND USE MOVING AVERAGE TRENDS FOR CYCLE ANALYSIS

Trends

Trend, as I have said before, is the tendency of a series of
figures to increase (and/or decrease) gradually over a period of time.

There are short term trends and long term trends. You can say,
"The trend of the market has been downward for the last few days.”" 1In
the next breath you can say, "But over the last century, the trend has
been up."

Trend is often a blend of (a) physical factors, (b) price factors, and
(c) inflation factors. As these elements change in different ways it
is sometimes necessary to adjust values (for example, sales) to take
account of price changes, or to adjust prices to take account of
inflation. However, you do not need to bother about this
complications at the present time. Ve shall come bactk to it later.

When you are talking about trend over a long period to time
(several decades or more) you should use the term secular trend

(secular means existing or continuing for ages or centuries).

If you will! refer to your chart of stock market prices, 185%-
1953, 1t 1s obvious that the values plotted evidence secular trend.
They get bigger and bigger as the years roll on.

Now this concept of getting bigger and bigger is a bit fuzzy. In
order to deal with 1t statistically you have to definitize i1t--3ou
have to get numerical trend values for each year or other period of
time for which you have data. This process 1s called trend fitting.

There are various ways to fit trends. Each way will give you
different values, It should therefore be clear that the process of
trend fitting is subjective--that 1is, 1t depends upon you.

Also, the process of trend fitting depends upon the purpose you
have in mind.

Are you definitizing trend so as to remove it in order to study
the cycles better? 1If so, you might use one trend line, Or are you
definitizing trend so as to learn the law of growth of a particular
time series in order to make a long term forecast? If so, you might
use a different trend line.
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If you want to get rid of secular trend so that you can study
cycles better, usually the best way to definitize trend is to use a
moving average.

A moving average is a series of overlapping averages. The number
of terms averaged gives you the length of the moving average. (Each
item of a time series is called a term.) Thus, if your annual data
are 10, 12, 11, and 13, a three-year moving average of these numbers
would be a succession of overlapping averages, grouped by threes.
These averages would be 11 (the average of the first three values,
10+12+11), and 12 (the average of the next three values 12+11+13).

3 3

Each term of your moving average 1s plotted at the midpoint of
the numbers being averaged. Thus your value of 11, above, 1s plotted
at the second year; your value of 12 1is plotted at the third year.
There would be no 3-year moving average values for the first and last
years.

In searching for cycles vou generally compute a moving average
trend with a length more or less equal to the length of the cycle in

which you are interested. Thus, i1f you wish to study 8-,9-, or 10-
vear cycles you would compute a 9-year moving average trend; 1f you
wish to study 18-, 19-, or 20-yerar cycles you would compute & 19-year

moving average trend.

As, in the process of detecting and 1solating cycles, you are
generally going to use moving average trends, this lesson will concern
itself largely with moving averages. However, as you do not always
use moving average trends for cycle determination, you should at this
point, have at least a general idea of the other sorts of trends that

can be fitted. These are, among others,
(1) Graphic trends, i.e., trends fitted freehand to a chart of
the data. The chart may be either arithmetic or ratio. The
trend may be either a straight line or a curved line. In

either case, the line is called a curve.

(2) Mathematical trends.
(a) Straight lines, fitted mathematically either to the
data or to logs of the data, often by the method of least
squares.,
(b) Curved lines, fitted similarly.

Later, when you wish to project your cycles into the future, it
will be necessary to know more about these other trends in order to
determine and project secular trend. Therefore, when you get into the
matter of cycle projection, it will be necessary to come back to this
subject.
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In the above exposition I have left two matters open ended. ]

said that you "generally" use moving average trends in cycle analvsis

work, I said you '"generally" use moving averages of about the same

length as the length of the cycle being studied. When don't vou do
these things? The answer to this question will be easier if I wait
until you have made a thorough study of moving averages.

Moving Averages

The use of moving averages in cycle analysis is covered in a
paper I once wrote, a copy of which is enclosed herewith. Consider
as part of this lesson and study it down to the section called "C.
The use of the Moving Average in Cycle Analysis."

it
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ASsignment

In addition to studying "Oycle Analysie: The lioving Average" down to "C,

The Use of the lloving Average in Cycle Analysis." read the folloving assignment
in Spurr:

Chapter 14: Page 293 through the first paragraph on page 298.
Chapter 15: Page 320 through the first paragraph on page 325.

Page 327, “Graphic versus lfathematical liethods," through second
line on page 334. Note that the advantages and dis-
advantages of the moving average refer to their use
in determining secular trend, not to their use for
determining cycles.

Page 351, "Summary," down to "Problems" on page 353.
Problems

1. To further your stock market study please now compute a centered 9-year
moving average of the logs of the irdex. If you have access to a computing
machine use the short—cut meth» --1 post your answer in Column C. If you have
only an adding machine and a slide rule post the moving totele into Column C.,
yost 1/9 of each of these totals into the next column and call it Columm C! (to be
read C prime). Head Columns C and C' accurately.

Note that in computing a 9-year arithmetic moving average of the logs of the
data you have actually computed a 9-year geometric moving average of the data
themselves. Consider the first term of your moving average: When you added the
nine logs together it was equivalent to multiplying all nine index values together.
¥When you divided the sum of these logs it was the equivalent of taking the ninth
root of the product of all these numbers. '

2. Nov plot on a sheet of 1'% x 17" arithmetic polypurpose paper the logs
of the stock market data (S. & P. C. A.,—Chart”3).

3. DNow plot, on the same chart, using the same scales, the centered 9-year
moving average of the logs of the data. Plot the moving average by means of a
‘droken line.

Do not send this chart in yet. I will call for it after Lesson IV.

Lk, How long did it teke you to study this lesson and the gasignment?

5. Bow long did it take you to vork Problem 1? Problems 2 and 317
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Cycle Analysis: The Moving Average

By Fdvard H.

Devey

Director, Foundation fer the Study of Cycles

The noving average is a matuematical tool
ol great use to students of cycles. As there

is coniusion in tke minds oi some people in
regard to the use of this tool, it seems wise

to issue a Lulletin on the sulject.

I.

Some sections oi this lulletin are merely a
restatement ol what you can fina in any good
text Look of statistics. In otier sections,
tiowever, you will find materisl, some of which
is not, as far as I know, availalle readily,
if at all.

DEFINITIONS AND DESCRIPTION OF METHODS

(The Simple Arithmetic Moving Average)

Averagss

Everylody knows that an average is a typi-
cal value which tends to sum up or descrile
a nunler of tijures. lhere are at least five
dillerent kinds ot averages commonly used Ly
statisticians; but the one which ordinary folk
think alout when they hear the word averags
i1s the one computed Ly adding all the items
together and dividing the total by the number
of items. Thus, 1f we have four items, In, 1?2,
11, and 13, the average of these items is
10 « 12 « 11 « 13 (4F) divided Ly 4, or 115.
(Statisticians cell an average computed this
way the arithmetie meaa, Lut you do not need
to rememler this term, lecesuse I shall not use
it again.)

Time Series .

An arrangement of numbers is called a seo-
ries. When the numbers with which we deal
represent events which occur one after another
in time, the arrangement is called a time
ssries. Thus, in the example above, 1f 10, 12,
11, end 13 rcprezent the price of cotton for
eact o{ four consecutive years, or represent
the naler of accidents on each ot four con-
secutive days, you woull call the numlers Ly
this name—a time series.

You could still average the numlers and
say, for exiwple, tiut the average price for
all lour years was 1]' cents, or that during
the period there was an averspe ¢i 1% acci-
dents per cay, as the cese migit Le.

Y6u could also say that the averaye price
for the first three yeurs was 1} ceuts, (1C +
12 + 11 (33) divided Ly 3) and that the aver-
age price for the last three years was 12
cents (12 + 11 + 12 (37) divided Ly 3)..

27

Maving Averages

A moving averuye is merely a succession of
averages secureu [roin a series of numbers ly
dropping the first nwuier {itea) in each group
averaged anc incivding tue next number in the
series after the yroup, thus obtaining the
next group to Le averured, and so on.

Thus, when you uveraged tiie first three
nunbers of our tiame series (10, 12, and 11)
anu got 11, auu tien dropped the first numler
(10) and acded the fourth numler (13) and
averaged agein and got 1Z, you were construc-
ting a moving, average. kasy, wasn’t it?

leceuse you were averaging three itens at a
time, you would call the result a -item or
3-term moving average. Jf the items repre-
sented yearly values you would call the result
a 3-year moving average. If the items repre-
sented daily values, you would call the result
a 3-day moving average.

Moving Totsls

The moving total is the series of succes-
sive totals from which the moving average is
computed .

For example: When, alove, you added 10,
12, and 11 to et 33, and then added 12, 11,
and 12 to gel 35 (as a step in the task of.
getting 11 and 12, the two terms of the moving
average) , you were computing a moving total.

It was so eusy that you vid it without
hnowing it! .

The moving totul, lixe the moving averaye,
should Le posteu in a talle or plotted on &
chart againsL Lhe middle item of the group of
items Leing tutalled, as will Le explained
lelow.
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Plotting or Posting Maving Averages

“ach ilcw or term ui o moving average is
always properiy posted or plotted against the
center of Liie yroup of itens Leing averaged.

*‘any otherwise intelligent people tool
themselves into thiuking that if they plot or
post an average ayainst the last figure of the
group of f{igures leing averaged they somehow
are getting later values. Of course this is
nonseuse .

It the values for 1323, 1934 and 1935 were
10, 12, ang 1) respectively, the average for
these three years is ]1, whether we say 11 for
the three yeurs beginning in 1933, or 11 for
the three years teanteriag on 1934, or 11 for
the three yesrs eading in 1935. In talkiag
alout an averag2, ve could choose any one of
the three wuys witii equal propriety, as long
as we made it clear which way we had chosen.
Fut when averages are posted to a table, or
plotted as a point on a chart, they must Le
posted or plotted against the middle of the
group of figures Leing averaged, otherwise
convention will le violated and, much more
iaportant , disturtions are introduced into all
further work. (The reasons for this will ap-
pear later.) Let ine repeat, moving averages
must always Le posted or plotted sgainst the
central item of tie itews being averaged.

Two Exanples
To make the process doubly clear, let us
work out teo examples:

Tame {.
COMPUTATION OF 3-YEAR AND OF 7.YEAR MOVING A VERAGES

COMPUTATION OF A COMPUTATION OF A

3.YEAR Mov. AvER,

7-YEAR MOV. AVER,

A ] Cc D €
3.YEAR  3.YEAR 7-YEAR  7.YEAR
MOVING MOVING MOVING MOVING
Totr.0f Av. OF ToT.0F AV. OF
YEAR Data CoL. A CoL. A Cot. A CoL. A
(CoL.B8;:3 (CovL.D37
or CoL.8 or CoL.D
x 1/3) X 1/7)
1933 10 . . . .
1934 12 33 [N ] . .
1935 11, 38 12 . .
193 13 & 13 1/3 91 13
1937 t6 43 14 1/3 98 14
1938 14 45 15 109 15 47
1939 15 46 15 173 127 18 1,7
1940 17 -1 18 1/3 149 21277
t9 41 23 69 23 173 24 57
1942 2 87 29 - .
1943 3s 104 M 23 . .
1944 & . . . .

It is olvious that with a 3-year moving
average there are no values to place against
the first and the last items of the series.
With a 7-year moving average there are no
values to place against the three first and
the three last items of the series. In con-
structing a moving average one always loses
one or more terms at each end.

Formul as
The formula for a 3-year moving average is

- a+bec
ST

where a to c represent successively each three
consecutive terms of the data and MA; stands
for the 3-year moving average to Le posted
against the central temm, h.

The formula for a 7-year moving average

would Le

MA,—R2sbecedeces fog
d 7

where a to y represent successively each seven
consecutive Lerins of the data and MA |, stands
for Lhe 7-year woving average to lLe posted
against the central tem, d.

Mechanfcal Details of Computation

As has leen explained, to get a 3-year
moving uveraxe, one first computes a 3-year
moving total, and divides each item of the
moving total Ly 3.

To get the first fyure of the moving total,
add together the first three items of the
data. To get the next figure of the moving
total you sultract the first iten of the data,
and add the fourth . This process gives you the
sum of items 2, 3, and 4. You proceed in this
way successively.

In actual practice it is hard to pick out
which items to add and which to subtract. You
ket mixed up.

To make the calculation foolproof, cut two
slots out of a card or piece of paper so as to
expose the first and fourth
items in the series, but not
the second and third. In our
example in Talle 1, it would
look like this:
(The lines Bstwesa slots must
always be one less than the
number of terms in the moving
average.)
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Place this screcu over the data so that the
first item (in this instance J0) appears in
the upper slot and the fourtn item (in this
instance 13) in the lower one.

Now, from 33, the sum of the first three
figures, already posted in Col. R, subtract
whatever appears in the upper slot (10) and
add what you see in the lower slot. This gives
you 36 which you enter in Col .k opposite the
arrow. {The arrow is placed against the middle
figure of the three items whose total is olb-
tained by this methou.) ’

Now, slip your screen down a
10 ¢ line so that 12 shows in the upper

1} slot and 16 in the lower one.
33S From 36, subtract 12 and add 16

10 . to get 40, the third item of your

ég s moving total.
12 - Continue in this way until you

i% have dropped 23 and added 40 to
1" - come up with the final item in the
moving total, namely 104.

s Now, add together the last three
items of the data-- 29 ¢ 35 4+ 40,
S to get 104 as a check on the accu-

racy of your work.

s If you use an adding machine
. with direct sultrection, your tape
s will look like the figures shown
. to the left: :

I find it Letter to run the en-

fg % tire tape before posting any values
35 to Col. k. One reason is that it
87 S is quicker to do your posting all
;3 * at once. Another reason is, if you
104 * should make an error you will not
— need to erase from Col. B all the
29 figures from the error forward.
_;3 In doing long columns of figures,
104 ¢ I also find it a good idea to check

every 50 or 100 items‘by adding up

the proper number of items of the original
data to see if the total agrees with the sub-
total on my tape.

Now that we have our moving totals (Col. B)
we compute the moving average either Ly di-
viding each figure of the moving total Ly 3 or
by multiplying it Ly the reciprocal of 3. This
latter method is often easier. The reciprocal
of a number is ] divided Ly the number. In
this case it is .333333.

Actually, .333333 x 33, the first figure in
Col. B is 10.999989 which, of course, rounds
to 11. To get the 11 in the machine directly,
I always record the last digit of the reci-

procal as one more than it really is. [n this
case we would therefore have .332334 x 33 or
11.000022. The error is twice as large, lut
the excess is dropped anyway and this method
saves the need of rounding.

Alternate (Sbort-Cut) Method

You can compute a moving average directly
without computing the moving total. When a
calculating machine is availalle, this method
is usually preferalle. The method is a little
hard to descrile Lut very easy to compute.
Proceed as lollows:

Place the reciprocal of the number of items
of the moving average in the machine. As we
are computing a 2-item moving average, we put
in the machine the reciprocal of 3 which is
1/3 or .333333 (only, as above, we call it
.333334). We lock this figure into the machine
for the whole operation.

We first multiply this reciprocal Ly the
Ffrst item of our data, 10, and oltain 3.33334.
Witheot ranoving this product, we then mul-
tiply the reciprocal Ly 12 (add it in 12 tim-
es) and obtain a total of 7.333348. Aithout
removing the prodact we then multiply the
reciprocal Ly 11 to oltain a grand total of
11.000022 or 11, which is the lirst figure of
our moving average. (1/3 of the first item
+ 1/3 of the second item + 1/3 of the third
item is the same as the sum of the first three
items divided Ly 3.)

We then remove 1/3 of the first figure Ly
subtracting the locked-in reciprocal 10 times
to get 7.66A682 and multiply (add the reci-
procal in) 13 times to obtain 12 000024 or 12,
the second figure of our moving average. This
process is contiunued right down the column
until 23 times the reciprocal has bLeen removed
and 40 times the reciprocal has Leen added in
to obtain 34 .66A736 or 34 2/3 for the moving
average value for 1943. This value is checked
by adding together 29 times the reciprocal,
35 times the reciprocal,and 40 times the reci-
procal, or adding 29, 35, and 40 and dividing
Ly three.

I{ we were computing a 7-year moving av-
erayge, we would, of course, use the reciprocal
of 7, which is .14285% (the last figure has
Leen raised Ly one).. To get the first item
(or term as it is more usually called) of our
moving average, we add together the sum of
this reciprocal times each of the first seven
items of the data, and then add and sultract
products of the reciprocal as above.



30

JOURNAL OF CYCIE RESEARCH

Moving Averages with an Even Numbaer ef I tems

You may have noticed that so far we have
talked exclusively alout moving averages with
an odd numler of terms—3 or 7.

When we compute moving averages with an
even number of terms such as 2 or 4, we run
into a slight complication, due to the fact
that the moving average must always bLe posted
or plotted against the middlie of the group of
dsta Leing averaged, and the middle of an even
numler of items fall bLetween two of the items.

We could post or plot a 4-year moving av-
erage batwaen the years and this is sometimes
done, a3 in the talle on the foliowing page:

TamE 2.
COMPUTATION OF A 4-YEAR MOVING AVERAGE

A B c
4-YE AR Mov.ToT, 4-YEAR MOV, AvER.
of CoL. A OF CoL.A (CoL.Bs 4
YEAR DATA oR CoL, B x ,25)
1933 10
1934 12
. . . “ .. 114 (AT PosITION
1935 1 1934¢})
......... $2 . . . . . 13 {(Av rosITION
19%8 13 1938¢)
1937 16

However, the results of this methova of
posting are very awkward to descrile in words
and preclude any comparison Letween the moving
average and the original data. Therefore, in
practice it is almost wuaiversal to compute
a 2-item moviny average of the even-term mo-
ving average in order to center the moving
average exactly, thus:

TamLt 3. :
COoMPUTATION OF A 2.YEZAR MOVING AVERAGE OF A 4-YEAR
MOVING AVERAGE

A 8 C ] E
4.YEAR  4.YEAR 2-YEAR 2-YEAR
MOVING MOVING MOVING MOVING
YEAR DaTA TotT OF Av. OF Tor.0fF Av, OF
CoL. A OCoL. A CoL. € CoL. D
(CoL.B#4 {CoL.De2
or CoL. B or CoL.D
X .25) x .8)
1933 0
1934 12
e e e e e . - 46 . . W}
193S L 1 T 24 . . 124
e I T 2 13
19% 18 . v v v v e e e . 264 . . 134
e e s e e e . S4 L. 18%
1937 16
1938 14

You note that the tirst item of the ?-yesr
moving average of the 4-year moving average is
centered exactly against 1935; the second item
is centered exactly against 193K,

In practice one would have computed a 4-
year moviu. Lotul, then a 2-year moving total
of the 4-year moving total, and divided these
values Ly &, thus:

TasLe 4.

QMPUTATION OF 2.YEAR MOVING AVERAGE OF 4.YEAR
MOVING AVERAGE P REFERRED METHOD

A 8 C D
4.YEAR  2-YEAR  2.YEAR Mov. AVER.
MOVING MOVING OF 4-YEAR MOV, AV,
Year Dava TYotr.ofr Tot.oF orf CoL. A
CoL. A Cor. B (CoL. C4 8)
1933 10
1934 12
P |
1938 . .... .98 . . .. 128
1936 13 ¢« o o 0. V0B . ... .13
e e v e e e . B4
1937 16
1938 14

Or one would have used the short-cut wmethod
and comjuted a 4-year noving average directly,
as explained above, without lothering with the
4-year moving total. Mme could also have com-
puted the 2-year moving average of the 4-year
moving average directly Ly the same means:

TasLE S.

+COMPUTATION OF 2.YEAR MOYING AVERAGE OF 4.YEAR MOV.
ING AVERAGE o« SHORT.Cuy T METMOD

A ] B
4-YEAR MoV, 2-YEAR MOV, AVER,
YEAR DaTa AVERAGE OF OF CoL. B, 1.€. a
CoL.A, Com. 4-YEAR MOV, AVER.
PUTED DIRECTLY OF CoL.A,CENTERED
1933 10
193 12
e e e e e e e 114
1935 | | JPI . . .. 124
« oo . . .. 13
1936 13 . . e e e e e e 134
C e e e e e s . 13§
v 16
193 14

Also, in actual practice, tq =ave space ,
one posts the 4-year moving sverape in either
the secoud or third position Lut marks it
clearly to indicate that it is not truly cen-
tereu as it shoula le, Lhus:
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TasLE 6.

COMPUTATION OF TME 2.YEAR MOVING AVERAGE OF A 4.YEAR
MOV.AVERAGE.-POSTED AS IT IS DonE IN AcTuaL PracTice

A B . c

4.YEAR MOV AV, 2-YEAR Mov. AVER.
POSTED TO ™E OF 4-YEAR MO. Ay,

Year DaTa Second POSITION (.E, A CENTERED

(CENTERED MINUS 4-YEAR Mov. AVER.
$ Year) of CoL.A

1933 10

1934 12 46

1935 1 82 124

1936 13 54 134

1937 16

1938 14

In sny event, the final column is calleda a
9 -year moving average of a 4-year moving aver-
aye or, more usually, a centered 4-year moving
average .

II.

This second section of the report will tell
you liow to use Lhe moving average in statisti-
cal procedure, with particular emphasis upon
ils use in cycle analysis.

The moving average is used (a) to svooth
tine series, (1) to approximate the tren. of
time series, and {c), in cycle analysis, to
help us (1) to separate cycles and (i1) to ol.-
tain a more exact estimate of the character-
istics of each of the various cycles that may
Le present.

A. The Use of the Moving Average
to Smooth Time Series

The chief use of moving averages in ordi-
nary statistical procedure is for the smooth-
ing of time series. As this use of the moving
average as such does not particularly concern
the cycle analyst, it will le touched upon
here only very lriefly .

& snooth curve 1s one which does not change
1ts slope in a sudden or erratic manner. The
stuvent 1nterested in smoothing tiwe series is
reierred to Frederick R. Y'acaulay’s classic,
The Smoathing ef Thine Series, pullislied ly the
“ational lwureau of Fconomic Fesearch (New

Formulas

For tlose who like to have relationships
expressed in lormula form, it may le stated
that the formula for a centered 4-year moving
average 1s:

MA 8 +2L42ce2e
¢ £

or more simply:

A =!§a01~0c0d055e
¢ 4
where a to e represent successively each five
consecutive itewrs of the data and P»'Ac stands

tor the 4-year movin, average to Le plotted
against c, the center term or item.

THE USE OF THE MOVING AVERAGE

York) in 1931. ‘ihis look is now out of print
Lut you can occasionally pick up a copy (*S to
€10) in second-hand iook stores and ol course
you can always consult it at any goou lilrary,

The Etfect of Moviny Averages Upon Aandom
Fluctaostions

Tt should Le olvious that the e%ect of mov-
ing averages upon random fluctuations is to
average out the irregularities. Tt should le
eoually olvious that the more items that are
comlined into the moving average, the smoother
will Le your result and tie closer it will
approximate the averaje value of the succes-
sive numlers. One example snhould lLe enouxh to
make this periectly clear.

In Col. A of Talle 7 are shown 29 digits
taken at random from the New York City tele-
phone book. For demonstration, these dikits
have bLeen smoothed Ly a 2-item moving average,
a T-iter moving averape, and a centered 1(-
item moving average. See Fig. 1 on page 307,

It is olvious by inspection that as we in-
crease the number of items of the moving aver-
are, the closer all terms of the moving aver-
age approach the averape valve of all the dig-
its, which is 5.07.
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TasLe 7.
VARIOUS MOV, AVERAGES OF A SERIES OF RanDOWM NUMBERS
A 8 Cc [
RaNDOM NUMBERS 3.1 TBd T-1TEM CENTERED
(TAXEN FROM THE MOV.AVER., Mov. AVER. (6.1 TEm
tvem TELEPHONE BOOK) OF CoL.A of CoL.A MOV, AVER,
of CoL.A
[] 6 . - -
2 6 6.67 - o
3 8 6.67 . .
4 6 4.67 5.00 .
5 4] 2.33 5.28 .
[ t 3.00 S. 28 .
7 8 5.67 4.43 :
8 8 7.33 3.7 .
9 [ §.33 5. 00 5. 19
10 2 3.00 5.5 4.81
" t 4.00 S5.14 4.66
12 9 5.00 S. 00 4.66
13 -] 6.33 S.28 4.84
14 ] 5.67 5.00 5. 09
1S 7 6.67 4.86 5.09
16 8 5.00 4.86 5.06
17 0 2.87 4.88 5.12
8 o 3.0 5.14 5.12
19 9 4.67 4.43 5.03
20 H 7.00 4.28 3.00
21 7 4.67 5.43 $ .06
22 2 5.33 6.57 5.09
23 7 . 5.67 s.28 .
24 8 7.67 4.5 .
25 8 $.33 4.86 -
26 o] 2.67 S. 57 .
r4j o 3.00 S. 14 .
28 9 $.33 . .
29 7 6.67 . -
30 4 -

(See Fic. | on PaGeE 307)

Of course the process of smoothing also has
the effect of minimiziug cyclic flrzivations
that may Le present in the data as well ae of
swoothing out ranaor fluctvations. It would
not seem necessary to illustrate this fact et
thas point.

Welghted Moving Avaragss

Tn counection with smoothilng a time series,
one often pets Letter (i.e. smoother) results
Ly the use o}t seversk successive smoothings .
For exanple, i{ one took a 2-year woving aver-
apc of a f-year noving averaxe of a O-year
moving averajc ol a tine series, one would ob-
tain a mucl swoother curve than could le ol-
tained ly aay of tiese moving averages taken
sepoarately.

‘The conpound elfect of such a series of
conseculive moving averaspes could be expressed
ly tire tollowing formula:

853LeBceTdeOes111+12¢e+12h+12i
4117 +0ke7] +5ns3neo

Y = 108

Sucl a moving average is called a weighted
moving average lecause for each item of the
moving average each of the terms is used a
dif{terent numler of times and therefore with
different weights .

In the formula described, for any one tem
of th: moving average each of the items g, h,
and 1 have ]? times the effect or weight in
the composite as do items a or o, which are
used lut once.

Viacaulay reports upon many formulae which
l.ave Leen developed Ly various investijators
in order to achieve particular purposes. For
example, ‘‘....take a 3-months moving total of
a S-uonths moving total of an 8-months moving
total of a 12-months moving total of the data.
To the results apply the following extremely
simple set of weights: + 2, -2, 0, 0, 0, Q,
0, +3,0,0,0,0,0, -2, + 2, Divide the fi-
nal results by }44¢. "

A weiphted moving average of the sort de-
scriled above, with negative weights near the
ends, if properly designed, will overcome the
tendency of the ordinary noving average to
stay too low at cycle tops and too high at cy-
cle bottoms.

Some of these formulae become rather com-
plicated For example:

“ Take successively a 3-months moving total

of the data, a S-months moving total, an-

other §, an R, and a8 ]12-months moving to-
tal. To the results apply the following set

of weights: + 1,331,771, - 1,949,0%, 0,

0- 09 00 05 ¢ zvr’somn oi 0., 0’ (‘-’ 0: Ol

- 1,949,055, + 1,331,771. Divide each of

the final results by £,772,760,000. ™

In view of the fact that Macaulay has cov-
ered the sulject so admirably and the further
fact that we here are not interested in smooth-
1ng as such Lut only in the smoothing that may
result as we use the moving average in the
detection and isolation of cycles, it seems
unnecessary to give further attention at this
time to this aspect of the subject.

B. The Use of Moving Averages
in Tread Determination

The moving average is often used to give an
approximate measure of the trend of a time
series, ’

Trend may e defined as the tendency of da-
ta in a series to increase or decrease over s
loug period of time. How long is * long " de-
pends upon circumstances.
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The talle lelow shows, ly means of con-
trolled data, three trend lines and, in con-
nection with each, its S-year moving average.

The trend shown in Col. A increases Ly a
constaunt anount. ‘The trend shown in Col. C iu-
creases ly anounts that get progressivaly

grester as time goes on. The trend shown in
Col. I increases Ly &nounts that get progres-
sively luss as time yoes on. Cols. I, % and F
show a S-year wmoving average for each of these
three trend lines. The treuds, with their
moving averapes superimposed l.y means of lro-
ken lines, are shown in Fig. 2 on page 307.

Tasie 8.
S-YEAR MOVING AVERAGES OF CONTROLLED DATA SHOWING EFFECT UPON THAEE
DiFFemeny Trres OF TREND

A 8 [ D E F
A TREnD S.YEAR A TRENOD 5.Year A Treno S.YEAR
WHIOH MoviNg THar MoOViING THATY MOVING
INCREASES AVERAGE INCREASES AVERAGE IMCREASES AVERAGE
By a oFf 8Y AMOUN TS oFf oY AMOUNTS oF
CoNSTANT CoL. A THaT Gert CoL. C  THaT Ger CotL.E
YEAR AMOUNT GREATER SMALLER
(K 40 . o - 0 .
28D 80 - 5 . 80 .
3r0 120 120 15 20 185 150
4TH 150 160 30 3s 225 22¢
STH 200 200 $0 $5 290 28S%
6™ 240 240 75 80 3% 45Ss
7™ 280 280 10§ 110 405 400
8™ 320 320 140 145 455 450
9™ 360 360 180 185 500 49 &
10T 400 400 225 230 $40 535
11TH 440 440 278 280 576 570
12TH 480 480 330 335 605 600
13m™ 520 520 390 395 630 625
14T 50 %0 455 460 650 645
15 600 600 52% $30 665 65C
16™ 640 - 600 . 67s -
7™ 680 680 680 -

(See Fig. 2 on paGeE 307)

Tt will le noted by comporing the moviug
averages with tiie trend that wnere, as in (ol.
A, the trend increases ly a constant amount
the moving averaxe coincides with it. ¥lere,
as in Col. €, the trend increases ly amounts
that get greater as we po fror year to year,
the moving average lies alove the trend.
Wlere, as in Col. E, the trenu increases ly
amounts that get less trom year to year the
moviny everage lies Lelow the trend.

The Usometric Meviny, Avarage and lts Use

For growth curves that increase ly an in-
creasing enount, such as the curve set forth
in Col. C alove, we can usually et a letter
fit Ly computing the gesaetric moving sverags.

In fact when the growth increases Ly in-
creasing awounts such that the rate of growth
is constant, the peometric moving. avcrape will
yive a perlect fit,

The geometric moving average is nerely the
atu raot of the terws mul tipllad toether

instead of the nth of the terms added to-
gether . For exanple, for a T-vear geanetric
woving average, insteas oi successively sddiag
together each tive consecutive teris and di-
viding Ly five, you successivelv muitiply to-
gether each tive consecutive terms and take
the fifuh root of the product. The fornulae
for a S-yesr arithmetic moving averape and a
S-vear ;eonctric‘wovin; averege are as fol-
lows: °
The arithwetic woving averae:

a+slbiecedoee

‘\Ac= <

Tie peunetric moving average:

Q'Aczé\/;xl X ¢ xd_.\ ¢

(01 coutse, in practice, to get a ¢oonctine
wovin: average, one werely Jooks up the Jepa-
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rithms of the data in a table of logarithms,
records them as in Col. B in Table 9, which
* follows below, computes the arithmetic moving
average of the lops, and reconverts Ly looking
up the antilogs, al} as demonstrated in the
table.

TABLE 9.
S.-YEAR GEOMETRIC MOVING AVERAGE
ConTROLLED DATA

COMPUTATION OF A

A [:] C s]
DaTa Loes S-YEAR ANTILOGS
{TREND, ®wt TH oFf ARI THMETIC OF CoL.C
CONSTANT 6% CoL.A MOV, AVER. . .€E.S-YEAR
Year RAYE OF OF THE LOGS GEOMETRIC
GROWTH ) MOV.AVER,
0F CoL A
1Sy 100.00 2.0000 - -
2NMD 1 06.00 2.0253 . .
3r0 112.36 2.0506 2.0506 112.36
4TH 119.10 2.0759 2.0759 199.10
5TH 126.2% 2.1012 2.1012 126. 25
6TH 183.82 2.1265 2.1265% 133.82
AL 141.85 2.1518 2.1518 141.8$
8TH 15.36 2171 2.1771 150, 3%
9TH 159.38 2.2024 2.2Q24 159 .38
10 TH 168.95 2.2227 2.2227 168.95
11T 179.08 2.2530 2.2530 179.08
12TH 189.83 2.2784 2.2784 189.83
1374 201,22 2.3037 2.3037 201.22
1478 213. 29 2.3290 2.329% 213.29
15TH 226.01 2.3543 . .
16 TH 239.66 2.3796 . .

As the 5-year geometric mo ing average is
seen Ly inspection to le the same as the data,
there seems to Le no need to chart the result.

When the rate at which the curve increases
is dscreasing, the geometlric moving average
will lie lelow tne curve. “Yhen the rate at
which the curve is increasing, the geometric
moving averape lies alove tlie curve. ‘hen the
rete of growth is constant, as in Lhe exanple
alove, the geometric moving averaye lies on
the curve. I find the peometric moving aver-
age very useful, and use it a yreat deal.

kven though very few curves grow at an al-
solutely constent rate of srowth, it is true
that many growth curves tend to increase this
way and are concave upward when plotted on
arithmetic paper; in other words, they prow
from year to year-in an slsolute amount which
increases with each successive term. lhis is
one reason why, in most cycle analyses it is
usually desiralle to deal with the logarithns
oi the data insteaa of with the data them-
selves.

C. The Use of the Moving Average
in Cycle Analysis

liow can a hnowledge of moving averages Le
used to assist you in cycle analysis—that is,
(i) to help you detect anu separate cycles
that may le present in the data yop are study-
ing, and {i1i) to help you to oltain s nore
exact knowledge of their characteristics than
would otherwise le possiLle?

bLvery time you compute a moving average of
a time series you affect cycles of every
length that may lie present in that series.
lut, you influence cycles of difierent length
in very different ways. And this fact in tumn
has an effect upon tiie conparison that you nay
make letween two different moving averages or
lletween Lhe original data and the moving
average .

1herefore, where there are several cycles
present concurrently in a time series, Ly a
suital le selectio. of moving averapes, you can
minimize or even eliminate some of these cv-
cles and leave others virtually unchanged or,
it you wish, marnified.

To see how to nake tliese manipulations, you
rust lirst examine the effect of moving aver-
apes of Jifferent lenyths upon a pertectly
repular cycle that we can use for purposes of
demonstration.

1isis lrings up tle question of the shape of
the cycle that we snould use. However, lefore
we lerin o talk alout cycles and wave shapes,
we will need to have in nind a tew more defi-
nitions ol terms. Vith W:ese out of the way we
can return to a discussion of the proper shape
of wave to use for our denonstration, without
the need of interrupting the discussion to
detine terms as we go along. brom that poiut
we can o on to a discussion of the etfect of
moving averapes upon Lhe wave shape we have
chosen.

Definitions of Certain Terms Used
in Cycle Analysis

Cyela, coming from a (reek word meanin:
circle, inplies eoming around to thie place of
leginning. Strictly speaking, in the vorc it-
seli there i1s no necessary i1wplication ot
repularity, lut the word is often used loosely
to denote rhythr or periodicity. .

Rhy thm, coning from a {reck word reaning
weasured time, inplics a leat, of a tenaencey
toward perlect repularity or periodicitv. It
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is what we really meart on most of the oc-
casions when we use the word cycle.

Cycla aaalysin, as we are using the tem in
this Lulletin, should really Le called rhythm
analysis, as we are concerned with rhythmic
eyelas—cycles that recur with a Leat.

Periodiefty, in the strict sense, is the
quality of leing ragulsrly recurrent. It is a
guality not often found in nature. The ideal
cycles that we shall presently construct for
purposes of demonstration, however, are true
periodicities.

A wave is one single cycle or undulation.
Yaves have frequancy, amplltude, period, and,
at least when they represent harmonic curves,
phase,

Frequency is the numler of complete vi-
Lrations to and fro —i.e. waves—per second.
It is a term not used by cycle analysts when
dealing with cycles that are over a second
in length.

Anpl itude is the range on one side or the
other from the axis around which the wave
oscillates, Positive amplttuds is the distance
alove the axis, nsgsative &iplitade is the
distance bLelow the axis, overall amplitude 3is
the sum of the positive and negative ampli-
tudes. Amplitude may Le expressed in alsolute
units or as a percentage of the axis or trend.

Pertod is the interval of time required
for a periodic motion to complete a cycle and
Legin to repeat itself. It is the length of
the wave from crest to crest or trough to
trough or fron some other point on the curve
taken as the spoch. (The epoch is the point on
the curve chosen as the Leginning of the wave.
In physics and astronomy it is usually taken
as the point where the curve crosses the axis
on its upward motion, but it may Le any other
point as welli.)

Phase, in a simple harmonic curve, is the
point or stage in the period to which the
oscillation has edvanced considered in re-
lation to a standard position or assumed in-
stant of starting. It is measured along the
axis, usually in dewrees. l'y extension of
meaning, positive paess is therefore the part
of the wave alove the axis or trend, and ns-
yative phass is the part of the wave Lelow the
axis or trend. When the crests (or troughs) of
two or uore di{ferent series of waves come at
the same time, the waves are said to Le in
phass with each other. When the crests of one
series of waves coincides with the troughs of
another series, the series are spoken of as In
reverse phlsse.

A sfiwple hermonie curve referred to once
or twice alove, is the curve you would get by
tracing the motion of a pendulum upon a piece
of smoked paper that was moving at uniform
speed at right angles to the direction in
whicii the pendulum was swaying Lack and forth.
It is periectly simple, regular, and sym-
metrical and in mathematical study, is usually
referred to as a sine curve. A single oscil-
lation is called a sfas wave, This curve, and
many of these definitions are illustreted in
Fig. 3 on page 307,

A rectilicesr or saw-toeath wave, on the
other hand, is a wave the sides of whlch are
straxrht lines; in other words, zxgzag See
Fiy. 4 on page 307, In electrical engineering
a reculinear wave usually refers to s square
wave of this shape ms—J, Lut the term has
a nore general application alsa.

Wave Shapes Usually Found

l:ecause sine waves are so simple in slape,
8o easy to comline with each other and so
satisfactory to handle mathematically, and
Lecause they are the shape taken Ly sound
waves and many other kinds of waves with which
the physicist deals, it is assumed by many
Students of cycles in climatology, bioclogy,
economics, and other fields that the waves
with which they deal sught to Le sine shape
too.

Unfortunately things are not always what
they ‘“ ought” to be. It has lLeen my experi-
ence that waves in economic and liologic time
series seem naver to Le sine shape {but this
does not mean that the next wave I study might
not be of this shape).

It is hard to Le sure of the exact shape of
a wave. There are almost always variations of
length and of anplitude, as we go from one
wave Lo the next. Also there are usually sev-
eral rhythms present concurrently, and they
mix each other up. Finally, there are random
factors that enter into the picture which
sometimes cannot Le removed easily without
distorting the wave shape. Therefore I can-
not say I am sure of the exsgt mathematical
average shape of the waves in any rhythm I
have ever studied.

However, if 1 were forced to express my
best guess, I would say that the waves we find
in weather, Liology, medicine, economics,
hydrology, geoloxy, etc.., are likely, on the
average, to Le approximately rectilinear,
that is saw-tooth or zigzag. It is not an
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accident that the ‘' ideal ” waves that I have
diagrammed in many of the charts that have
Leen pulLlished are of this shape.

lore exactly, I would put it that the loga-
?ithias of the data seem, on the average, to
conform to a zipzayg shape. lhe result of this
fact, of course, 1s that the average wave
shape is saw-tooth when the raw data are plot-
ted on semi-logarithmic paper. This is another
way of saying that the sides of the average
wave seem to follow the shape of the compound
interest curve. lhat is, the psrcentage rise
from the trough to the axis is the same as
the percontage rise from the axis to the crest

For example, if the trough is at 9 and the
axis is at 100, the crest would Le at 20 (not
190); one hundred is twice !, and two hundred
is twice ohe hundred. A wave that follows this
law is illustrated in Fip. 5 on page 307.

(The characteristics just descriled offers
another reason why it is usually so highly
desirable, in suljecting a series of figures
to a rhythm analysis, to convert the raw figu-
res into logarithms Lefore starting work, and
to work with them throughout the course of the
analysis.)

May I hasten to say that these Leliefs are
entirely the result of olservations as to how
the waves in general actually do Lehave, and
are in no sense the result of theories as to
how the waves ‘“ ought” to Lehave. T do not
yet know enough to talk ‘‘oughts.”

A second characteristic of the average
waves of the rhythms I have studied is that
with most of them the upward movements and the
downward movements seem to Le symmetrical.
That is, the lows tend to fall midway between
the highs, and vice versa. This characteristic
1s so generally true that I have come to sus-
pect as possilly spurious any average wave
which, without a reason, fails to conform to
this pattern.

On the other hand, 1 have come across un-
doubted rhythms where the average waves were
very definitely neither symmetrical nor of
simple zipgzag or compound interest fonn. It is
not safe to try to generalize too rigidly.

In discussing the effect of moving aver-
ages upon periodic waves, I have chosen for
illustration a perfectly symmetrical rect-
ilinear or zipzag wave, Lecause for small
amplitude waves this is a close approximation
oi the typical form and is in fact seemingly
the exact form when the data are converted to
logarithms. '

The bifect of Moving Averages
upon Periodic Waves

1. Simple Aaves
&, when the Lengnt of the Moving Average
is tte Saas ss the Length of the Yave

Suppose yuo have a time series that evi-
dences a perfectly regular 9-year cycle that
repeats itself time after time as in Fig.
on page 107.The fipures for the annual value
of such a Lime series are given Lelow.

Let us conpute the 9-year moving average of
this series of figures as in Col. C of lalle
10.

It is olvious fron reference to Col. C that
the wave has disappeared and that the moving
average is merely a straight Jine. lnis
straight line Las Leen plotted as a Lroken
line in Fig. A.

A monent's reflection will explain the
reason for this lLeliavior. As the length of
the moving average is the same as the length
of the wave, the value of the item that is
added is always the same as the value of the
iten that is dropped and, in consequence, the
moving average remains unchanged.

It is possilie to generalize the alove ob-
servation and to say that wheu the moving
average has the same length as any perfectly
regular wave, its effect is to eliminate the
wave completely .

‘ TasLE 10. .
A 9-YEAR MOVING AVERAGE OF A 9-YEAR WAVE N
CoNTROLLED DATA

A B [
CON TROLLED 9.YEAR 9 .YEAR MO.AV.
DA TA MOVING OF THE DATA
EVIDENCINKG Tor.of (CoL. B+ 9:
A 9-YEAR DaTA OR TIMES 1/9:
YEAR WAVE OR TIMES
111111, THE
RECIPROCAL OF 9
1s7 105 - .
280 s . .
3R0 128 - .
4T 115 - .
STH 105 92s 102.8
6TH 95 92% 102.8
FAL 85 925 102.8
8TH 8s 92S 102.8
[ R{]] 9s 928 102.8
10T 105 925 102.8
117K 115 925 102.8
12w 125 925 102.8
13™ t1s 925 102.8
14TH 105 928 102.8
1514 95 . .
16 3] . -
17T™ s . .
18TH 95 . -
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To make ‘he procedure douLly plain and to
pa‘e the way for e discussion of a method of
sejerating compound cycles, let us work an-
othier example. lalle 11, next following,
+ives a series of fiyures evidencing a per-
fectly regular f-year wave . lhe data are giv-
en, topether witl their centered f-year moving
average .

‘iecre again you pet a complete elimination
ofi the wave. The f-year moving average of the
6-year wave is merely a straipht line. It is
churted in Fig. 7 Ly means of a Lroken line
superimposed upon the 6-year wave with which
we started. (See p. 307.)

It should also l.e obvious that if you had
added t.e f-year wave to a trend line that
increased by constant anounts, the G-yesr mov-
ing average of the combined wave and trend
line would have reproduced the trend free and
clear of the wave. (If the trend had increased
ly increasing amounts, the moving average
would have lain alove it; if Ly decreasing
armounts the moving average would have lain
lelow it; all as illustrated in an earlier
section.)

TasLe 14,
A 6-YEAR MOVING AVERAGE OF A G-YEAR WAVE

A B C V]
DaTa 6-YEAR 2.-YEAR 6-YEAR
EVIDENCING MOVING MoviInNG MovING
A G-YEAR Tov.O0F Tov.oF AY. OF
Wa VE THE DaTa CoL. B THE Darta
POSTEC Posteo CENTERED
YEAR 70 THE 3R0 YO THE (CoL.C#12)
PosiTiON ano
POSITION
1st 105 . . .
200 s - . .
3Ind 105 600 . .
4TH 95 600 1200 100
STH 85 600 1200 100
6TH 95 600 1200 100
YAL 108 600 1200 100
8TH 11% 600 1200 100
9TH 105 800 %200 100
10TH 9s . - .
1tTH L1 - - .
12TH 95 . . .

»aves of 0dd and Peculiar Shape

You may wonder if we would get the same
result—a straight line—if the wave had some
other shape. As long as the repetition is
perfectly regular, the shape of the wave makes
no difference whatever.. This lact is il-
lustrated in the talle that tollows:

Tamte 12.
A S.YEAR MOVING AVERAGE OF AN | RREGULAR S.YEAR

WAYE

A B
Data Evioencing S-YEAR Mov,

AN [RREGULAR AVERAGE OF
SHAPED S-YEAR THE Da
YEAR REPETITIVE ™
PATTERN
'z" 100 R
N D 128 .
3n0 85 too
4TH 108 100
SR 8s 100
6TH 100 100
AL 125 100
aTH 85 100
9TH 108 -
10T 85 -

The reason we get a straight line is Le-
cause the value we add is always the same as
tke value we drop.

b. #When the Length sf the Moving Aversge s
An Integral Multiple of the Length ¢f the wave

A moving average that is two or three (or
any other intexral multiple) times the lenyth
of the wave will also completely eliminate
any repular wave.

Thus, if we have a perfectly regular 9-year
wave, an ]R-year moving average will corm-
pletely eliminate it, and so will a 27-year
moving average, or a 36-year moving average.

It we have a perfectly regular f-year wave,
a 12-year, 18 -year, 24-year, or 3(-year moving
averaye would give the same result.

You should also note that an 18-year moving
average would completely eliminate both the
9-year and f -year waves, Lecause I8 is a mul- -
tiple of Loth 9 years and 6 years.

¢. when the Moving Average is sf a Length
That {s Differant From the Langth ef the rave,
or from sane Iatagral Maltiple af It.

You may wonder what a8 2-year moving average
of a 9-year wave might look like, or a S-year
movinyg average, Or a 7-year moving average, Or
an ]ll-year moving average, or a ] 3-year moving
average. .

At this point the shape of the wave Legins
to make a difference. Let us therefore con-
sider first the effect upon a rectilinear (saw
tooth) wave. Such a wave is given in Talle 13
on the page following, together with moving
averages of various lengths, The various
values are plotted in Fig. 8 on page 313.

You will note that as the moving averapes
set longer they becowe flatter until, when
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the length of the novinyg average equals the
length of the wave, the moving average Lecomes
a straight line. When the moving average is
longer than the length of the wave, the wave
reappears in inverse (upside down) phase.
That is, for the } }-year and 13-year moving
averages, the Q-year wave reappears with
troughs where there were crests in the ori-
ginal data, and with crests in the moving
average where we originally had troughs.

The reason for this is very easy to see.
The 13-year moving average, for example,
centering on a trough, groups together two
highs and one low and is therefore olviously
adove the average of one G-year wave, at time

of trough. As we progress in time to a po-
sition centering on a crest, the } 3-year
moving average includes two lows and one high
and is therefore obviously bslew the average
of one 9-year wave at time of crest.

Taste 13,
VARIOUS MOVING AVERAGES OF A D-YEAR Wave

A B Cc D € F G
DaTa -
EVIDENCING  3-YEAR  S.YEAR 7.YEAR  9.YEaR 11-YEanr 13-YEAR
A RecuLar MOVING MOVING MOVING MOVING MOVING MovING
RECTILINEAR AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE
YEAR 9-YEAR WavE OF DATA OF OaTa OF DATA OF Data QF Data OF Data
‘187 105 . . . - .
2ND 115 115.0 - . . . .
3RD 12% 118.3 - . : .
4TH 1S 1185.0 1 106 .4 . . .
STH 108 105.0 10§ 103.6 102.8 . .
6™ 9% 95.0 97 100.7 102.8 104.1 .
TTH 85 88.3 93 97.8 102.8 05.¢ 106 ¢
8™ 85 88.3 93 97.8 102.8 . 106.5
9™ 95 95.0 97 100.7 102.8 04. 10S.

. 10T 105 - 105.0 105 103.6 102.8 102.3 102.7
1™ 1S 115.0 1 106 .4 102.8 100.5 100.4
12™ 125 118.3 13 107.8 102.8 99.5 99.6
13m™ 1s i15.0 LER] 106.4 102.8 100.5 100. 4
141 105 105.0 tos 103.6 102.8 102.3 102.7
15T 95 95.0 97 100.7 102.8 104.1 105.0
16 ™ 85 88.3 93 97.8 102.8 0S.$ N-]
17™ 85 88.3 93 97.8 102.8 0S.8 06 .5
18TH 95 95.0 97 100.7 102.8 04. 05.0
tom™ 105 105.0 1os 103.6 102.8 102.3 102.7
20T 1S5 115.0 1 106. 4 102.8 100.5 100. 4
21s7 12% 118.3 113 107.8 102.8 99.5 99.6
2280 15 115.0 111 106 .4 102.8 100.5 1Q0.4
23r0 105 105.0 105 103.6 102.8 102.3 102.7
24T 95 95.0 97 100.7 102.8 104.1 105.0
25™ 8% 88.3 93 97.8 102.8 105.9 -
26 T™H 8s B88.3 93 97.8 102.8 - -
27" 95 95.0 105 100.7 102.8 . -
28 ™ 105 105.0 1t . . - .
29 TH 115 115.0 - - . . -
30m 125 . - - . . -

(HiGoHS OF EACH CYCLE UNMDERLINED)

d. GBensralization for Rectilinear Waves

Fig. 9 was worked out Ly Benjamin Foote
and Jemes A. Mitchell of the Martford Flectric
Light Company to generalize these facts for
rectilinear waves. The chart was drawn for you
Ly Mr. Mitchell. It yives you the percentage
of the original amplitude remaining in the
moving average for all simple arithmetic
moving averages up to four times the length
of the wave. (Fig. 9 will be found later in
this bulletin on page 314.) This chart is a

most useful one for all cycle analysts. I use

mine constantly. Let us work out an example
or two.

Two Exsmples

Suppose we have taken a 22-year moving
average of a series ot fipures that contains
a 17-year rectilinear (zigzag) wave. llow much
of the 17-year wave would remain in the 22-
year moving average? Twenty-two iIs approxi -
mately 1 .4% of ]7. Find 1M on the horizon-
tal scale at the lottom of Fig. 2. Construct a
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perpendicular at this point. This perpendicu-
lar will cut the curved line at alout minus
1A (read irom the scale at position 50. The
scale at the extreme left is for values on the
horizontal scale from 0 to S0 . There will
therefore Le minus 1A% of the 17-year wave
remaining in the moving average; that is, the
wave in the moving averages will Le in reverse
phase or upside down from the wave in the
original data.

Suppose we had taken a 38-year moving aver-
age of the same series of figures. llow much
of the original 17-year wave would le present
in this 38-year noving average? Thirty-eight
is °93.5% of 17. Therefore, we find 721 on our
horizontal scale, construct a perpendicular.
This perpendicular intersects the curve at
plus # (read from the scale at position 50).
Therefore, we know that R” of the original
amplitude of the | 7-year rectilinear wave is
still present in the 3R-year moving average
of these tipures. If the amplitude of the
moving average should prove to Le 4, let us

say, we could easily calculate that in the
oriyinal figures it was 50 lecause 4 is 87
of 50,

Use of Tables

You may prefer to use a table instead of
the chart. If so, you can refer to Table A
Lelow.

Let us work an example: Suppose we have a
73-year moving average of a regular zigzag
shaped S4-year rhythm. How much of the rhythm
remains in the moving average? Twenty three
divided Ly 54 is 42.6%. look up 12.6% in the
first column in Table A—the column headed
“ The length of the moving average expressed as
a percentage of the length of the wave. " We
find no value for 42.6 but we do find values
for 10 and for 45. The percentage of the
original amplitude remaining in the moving
average for 40 is 60%, for 45 is 55%. Ry
interpolation it is easy to compute that the
correct percentage for 12.6% is 57.4”, the
required answer.

TABLE A
PERCENTAGE OF AMPLITUDE OF ORIGINAL WAVE REMAINING IN A MOVING AVERAGE,
WHEN THE WAVE IS REGULAR, SYMMETRICAL, AND RECTILINEAR OR SAW.TOOTH IN SHAPE,
FOR VARIOUS LENGTHS OF MOVING AVERAGES UP To FOUR TIMES THE LENGTH OF THE WAVE.

THe LENGTH
OF THE
MOVING PERCENTAGE

AVERAGE oF

EXPRESSED ORIGINAL

As A PEmr-. AmPLI TUDE

CENTAGE OF REMAINING

THE LENGTH IN THE A B8
OF THE +MOVING Cont'D CoNT'O.
Wave AVERAGE = ccececace cccweme--=
0 100. 100 .0
5 8s. 105 -4.5
10 90. t10 8.2
15 8Ss. 11s ]
20 80. 120 -13.3
25 75. 128 -15.0
30 70. 130 -16.2
k1 85. 135 -16.8
40 60. 140 A7 .1
45 55. 145 17 .1
50 50. 150 -16.7
55 45, 158 «16.0
60 40. t60 -15.0
65 35. 165 -13.8
70 30. 170 -12.4
75 28S. 175 -10.7
80 20. 180 8.9
85 15. 185 6.9
90 10. 190 -4.7
95 S. 19§ 2.4

100 0. 200 0.0

A B A B
ConNT'D. CoNT'D. CoNT'D. Cont'D
200 [} 300 (o]
205 2.3 05 -1.6
210 4.3 310 .2.9
215 5.9 31S -4.0
220 7.3 320 -5.0
225 8.3 325 -5 8
230 9.1 330 6 4
235 9.7 335 6.8
240 10.0 340 71
245 10.1 348 7.2
250 10.0 3iso a1
255 9.7 385 7.0
260 9 2 360 6.7
265 8.6 36S -¢ 2
270 7.8 370 5.7
278 6.8 378 -§.0
280 5.7 aso -4 2
285 4.5 das . 3
290 3.1 390 K
295 1.6 398 12
300 0.0 300 00
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s. GBaneralization fer Sine Waves

At this point you may ask, does this chart
hold true ifor sine waves and for other waves
that are not rectilinear or zigzay shape?
No, it does not. Fach shape of wave requires
a separate diagram. For sine waves Mr. Foote
. and Mr. Mitchell constructed Fig. iU, inserted

previously in this bulletin on page 314, to
show the percentage of the original amplitude
remaining in the moving average of a sine wave
for all given lengths of moving average up to
four times the length of the wave.

If you prefer to use a table, refer to
Table B below.

TABLE 8

PERCERTAGE OF AMPLITUDE OF ORi GINAL WAVE REMAINING IN A MOVING AVERAGE,
WHEN THE WAVE IS REGULAR, SYMMETRICAL., AND SINE SHAPED
FOR VARIOUS LENGTHS OF MOVING AVERAGES UP TO FOUR TIMES THE LENGTH OF THE WAVE

s—
==

A
THE LENGTH 8
OF THE
MOVING PERCENTAGE
AVERAGE oF
EXPRESSED ORiIGINAL
As A Per. AurPLI TUDE
CENTAGE OF REMAINING
THE LENGTH IN THE A ]
OF THE MOVING Ce 'T'0. Cont'p.
WAVE AVERAGE = cccececmce eceeceae=
0o .0 100 0
5 99 . 4 105 -4.7
10 98.4 110 -8.9
15 96 .4 115 -12.6
20 93.6 120 -15.6
25 90.1 129 -18.0
30 85.9 130 -19.8
3s et.0 13% -21.0
40 75.7 140 -21.6
45 69.9 145 -21.7
50 63.7 150 21.2
55 57.2 155 -20.3
60 $0.5 160 -18.9
65 43.6 165 -17.2
70 3.8 170 -1S. 1
75 30.0 175 -12.9
80 23.4 180 -10.4
85 17.0 185 -7.8
* 90 10.9 190 5.2
95 5.2 195 2.8
100 1] 200 (4]

A 8 A B
CoNT' O CoNT'D CONT'D CoNT'D
200 .0 300 .0
208 2.4 308 -1.6
210 4.7 310 -3.2
218 6.7 31s 4.6
220 8.5 320 5.8
225 10.0 328 6.9
230 11.2 330 7.8
23% 12.4 335 8.5
240 12.6 340 -8.9
245 12.8 345 9.1
250 12.7 350 9.1
255 12.3 3s5 8.9
260 11.6 360 8.4
265 10.7 36S -7.8
270 9.5 370 7.0
275 8.2 371%8 $.0
280 6.7 380 . -4.9
285 5.1 385 -3.7
290 3.4 390 2.5
295 1.7 395 -1.2
300 0. 400 ]

2. Compound Waves
Moving Averages el Tine Series Iniluencsd by
Tw or More Cencurrent Cycles

Let us now add together the two series of
{igures containing the 6-year wave and the 9-
Year wave respectively that we dealt with
alove and which were charted in Figs. 6 and 7.
This addition is performed in the teble on the

following page and the result is plotted in
Fig. 11 on page 319,

This sun is the kind of a pattern one might
expect in the totel sales of a company that
were equally divided between two products,
the sales of one of which fluctuated with a
9-year rhythu, and a second product, the sales
of which fluctuated with a 6-year rhythm.
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Tam £ 14.

6-YEAR, 9.YEAR,

ANO 18-YEAR MOVING AVERAGES OF A COMPOUND WAVE

A 8 c D E F
€-YEAR 18-YEAR
MOVING 9-YEAR MovING
DaTA DaTa Sum OF AVERAGE MOYING AVERAGE
Evioencine Evioencine Cou. A of AVERAGE oF
THE 9-YEAR THE 6.YEAR AND CoL. C. oF CoL. C,
YEAR CrcLE CYcLE CoL. B Cenverer Cou. C CENTERED
1sy 108 108 210 - . .
2ND 1S u 2% - . .
3®0 125 foJ 230 . . .
4TH 1s 9 210 208.23 . .
STH 108 85 190 204.2 205.6 .
™ 95 95 190 199.2 204.4 .
7™ 85 10S 190 195.8 201.1 -
8™ 85 s 200 195.8 200.0 .
9TH 9S (13 200 199.2 201. 14 -
107 108 95 200 204.2 204.4 202.8
1 1S 8s 200 208.3 205.6 202.8
f2m™ 128 95 220 . 204.4 202.8
13m 1S 105 220 208.3 201. 1 202.8
14™ 105 1us 220 204.2  200.0 202.8
15m™ 9S 105 200 199.2 201.1 202.8
16T 8s 9s 180 195.8 204.4 202.8
17™ 8s a5 170 195.8 205.6 202.8
8™ 95 9 190 199.2 204.4 202.8
19m 10S 108 210 204.2 201.1 202.8
0™ 115 1s 230 208.3 200.0 +202.8
21sr 125 fos 2% 210.0 20%.1 202.8
2240 tHs 95 210 208. 204.4 202.8
23R0 t0s 85 190 204.2 205.% 202.8
24™ 95 85 190 199.2 . 202.8
25™ 85 108 190 195.8 20t.1 202.8
26T 85 15 200 195.8 200.0 202.8
27 ™ 95 105 200 199.2 201.1 202.8
28™ 108 95 200 204.2 204.4 .
29™ 1"s 8s 200 208.3 05.6 .
aom™ H_g 95 220 . 204.4 .
31sY 108 220 208.3 201.1 .
320 105 s 220 204.2 20t.19 .
33r0 95 108 200 199.2 . .
34m™ 85 9s 180 . . .
3I5™ 8s 8s 170 . - .
™ 95 9s 190 . . .

(HIGHS OF EACN CYCLE UNDERLINED)

Let us now take these figures that evidence
this composite wave and conpute first a 9-year
moving average, second, a f-year moving aver-
age and third, an 18-year moving average as
in the table on the preceding page. The vari-
ous moving averages are plotted in Fig. 11
on page 319, The 9-year moving average has the
effect of completely eliminating the 9-year
component of the series and shows the 6-year
wave in reverse phase, that is to say, with
tops where lottoms used to Le and vice versa,
but with reduced amplitude, all as we would
expect from the foregoing discussion.

The 6-year moving averege has the effect of
completely eliminating the 6-year wave and
leaving the 9-year wave in proper phase posi-

tion (that is, with tops of the moving average
where there were tops in the data, and lottoms
in the moving average where there were Lot-
toms in the data), Lut with greatly reduced
anplitude.

The 18-year moving average of course elimi-
nates both 6-year and 9-year waves, and would
also have eliminated any 4)~year wave (% of 18
years), any 3.6-year wave (1/5 of 18 years),
any 3-year wave (1/5 of 18 years) and so on if
there had Leen such in the originel data. by
the same token, it would have revealed any
wave longer than 18 years, or shorter waves
that were not integral fractions of the length
of 18 years, or both, if these liad also Leen
present in the data.
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Discussion

It should Le clear from the foregoing
demonstrations that every time you take a mov-
ing average of a series ol figures, you are
performing an operation that has an effect
upon the amplitude, and sometimes reverses
the phase, of all the regularly recurring
waves that may Le present in the original
tigures. It is this fact that prompts the
Celticiam that one is really not able to start
a rhytlmic analysis until after one has
finished it.

In other words, until one knows the length
of all the waves that are present in a series,
one is not fully in a position to choose the
lengths of the moving averages to use to
emphasi ze some and subordinate others.

Comparison of the Kaw liata Rith
with the Moving Average

In the section which bLegan on page 309, you
had demonstrated for you the fact that when
the length of the moving average is the same
as the length of the wave, the effect is the
complete elinination of the wave.

Vnere the original data consist of nothing
Lut a wave {and a horizontal trend line) as
in Talles 10 and 11, it is olvious that if
we compare the original data with the moving
average (wiich is a horizontal straight line)
the result will merely reconstitute the wave
in its entirety. This fact is illustrated in
Curve EE of Fig. 12 on page 321 and in Col.
EE of Tallle 15 on page 320.

¥hen the moving average is of a length
which ditfers from the length of the wave in
the original data, or some multiple of it,
some part of the original wave will remain in
the moving average. lhis residue of the o-
riginal wave remaining in the moving average
will Le either in phase with the original wave
or in reverse phase (upside down). All of
this was denonstrated in Talle 13 and illus-
trated in Fig. 8.

Wiien the moving average retains some of the
wave in phase with the original wave, and
when the orjginal data are compared with such
a moving average, it should Le clear that the
difference Letween the two will show the o-
riginal wave with reduced amplitude. For ex-
ample, it we have a 9 year wave with an ampli-
tude of I, and the moving averaye also con-
tains a 9-year wave coming at the same time

with an amplitude of 2, the series of figures
evidencing the difference Letween the two
waves will show an ampliwde of 8.

%hen the moving average shows the wave in
tsverse phase, or upside down, and when the
original data are compared with it, the dif-
ference Letween the two will show the original
wave with ineresssd amplitude. For example,
1f the wave just discussed with an amplitude
ot 10 were Leing compared with a moving aver-
age that was of such a length that it evi-
denced a Q-year wave with an emplitude of -},
the wave in the series of figures evidencing
the difference would show an amplitude of 11.
These tacts are all illustrated for the moving
averages given in lalle 13, in Fig. 12 and
in lable 15 on page 320.

It should Le noted that the comparisons
above have Leen made Ly subtraction for the
sake of si plicity. In actual practice one
ordinarily makes the comparison Ly division
and determines the percentages that the o-
riginal data are of their noving average.

There are several reasons for making the
comparisons on a percentape Lasis. One has
already Leen mentioned—the fact that mostly
the waves seem to Le the same percantags alove
and Lelow the axis. When one uses percentages
on real waves therefore, one tends to get
waves that are symmetrical with respect to the
axis.

A second reason is that in actual practice,
most waves with which one deals are super-
imposed upon trend lines, That is, the phe-

nomenon witih which we deal, let us say the
ayundance of lynx or the thickness ot tree
rings or the size of a Lusiness, has a long
term increase or decrease over a period of
time. Experience indicates that the waves that
are assoctated with these various plenom-
ena are usually of approximately constant
percentage amplitude.

A third reason for meking percentage com-
parisons, even i{ the trend should Le hori-
zontal, is that if there should be other waves
it will usually be found that the various
waves combine Ly multiplication and not by ad-
dition. They therefore must be unscrambled Ly
aivision instead of by sultraction.

A fourth reason for making comparison on
a percentage basis is that in making pro-
Jections for most series, one must talk of the"
waves in terms of percentages. “ If the wave
continues, tlie sales of the company at such
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and such a time will le 1N alove its then
trend line.’” Where the trend line will lLe
at the time nust Le computed separately.

The only exceptions to the atove rule that

where the waves in the original data are
expressed in plus and minus values, and (L)
the case where some of the values of the raw
data are zero. In these instances, compari-
sons Letween the moving average and the data

occurs to me-at the moment are (a) the case  should usually Le made by sultraction .

Tam e 1S.
CoMPARI SON OF ORIGINAL CONTROLLED DATA wiTH VARIOUS MOVING AVERAGES

A 8 88 c cC )] 00 E EE F FF G GG
DATA Data DaTA DATA DaTa DaATA Data
EVIOENC - Divioeo DiviDED Divioeo Divioeo DiviIDED DIVIDED
146G A 8y 114 (1] oY (4 [ 14
REGULAR 3.YEAR THEIR S .YEAR 'THEIR 7 YEAR THEIR 9 YEAR THEIR 11 YEAR THEIR 13 .YEAR THEIR
Saw. MOVING 3 YEAR MOVING SYEAR MOVING 7 YEAR MOVING 9 YEAR MOVING {1 YEAR MOVING 13 YEAR
TOOTH  AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AYVERAGE MOVING AVERAGE MOVING AVERAGE MOVING
9 YEAR OF YTHE AVERAGE OF THE AVERAGE OF TME AVERAGE OF THE AVERAGE OF THME AVERAGE OF THE AVERAGE
YEAR WAVE Dava {%) DATA (%) DATA (% DATA {%) DaTa (%) DATA (%)
IsT 105 . . . . B - . . . . . .
280 115 115.0 . 100.0 o - - . . - . . - .
3rD 125 $118.3  195.7 113.0 . - . . - . . .
4T™H 11§ 115, 100.0 111.0 103.6 106. 4 108.1 . . .. . - .
S™H 105 105.0 100.0 105.0 100.0 103.6 101. 4 102.8 102. 1 . . - -
6™ 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104.1 91.35 . .
7™ 85 88.3 96.3 93.0 9t1.4 97.8 86.9 102.8 82.7 S.9 80.3 06.5 79.8
8™ 8s 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 05.9 80.3 06 . 5 79.8
9TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 04. 1 91.3 0S. 90.5
10TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 102. 3 102.6 102.7 102.2
1™ 18 115.0 100.0 f11.0 103.6 106.4 108. ¢ 102.8 t11.9  100.5 114.4 100. 4 114.5
12™m 125 118:3 105.7 113.9 . 107.8 116.0 102.8 {21.6 99.5 X 99.6 125.5
137w 115 115.0 100.0 ti1.o 103.6 106.4 108. 1 102.8 111.9 100. 5 114.4 100. 4 114.5
14T 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 102.3 102.6 102.7 102.2
15TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 105.0 90.5
16T 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 0S. 80.3 106.5 79.8
17TH 85 8s8.3 96.3 93.0 91.4 97.8 88.9 102.8 82.7 05. ¢ 80.3 106.5 79.8
18 ™ 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 04. 91.3 105.0 90.5
19™ 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 102.3 102.6 102.7 102.2
20™M 115 115.0 100.0 111.0 103.6 106.4 108.1 102.8 fit.s8 100. § 114.4 100.4 114.5
21sT 125 1§8.3 105.7 113.0 110.6 107.8 116.0 102.8 121.6 99.5 125.6 99.6 125.5
2280 11S 115.0 10Q.0 1.0 103.6 106.4 108. 102.8 111.9 100.5 114.4 100.4 114.5
23rD 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102. 1 102. 3 102.6 102.7 102.2
24TH 95 95.0 100.0 97.0 97.9 100.7 94.23 102.8 92.4 104. 1 91.3 105.0 90.5
25TH 8s 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 S. 9 80.3 06.5 79.8
264 8S 88.3 96.3 93.0 91.. 97.8 86.9 102.8 82.7 05.9 80.3 106.5 79.8
27TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 04. 91.3 - .
2™ 105 105.0 100.0 105.0 100.0 103.6 101. 4 102.8 102.1 . . - -
29T™H 1S 115.0 100.0 111.0 103.6 106.4 108.1 . . . . . .
o™ 12 He.3 1057 3.0 1106 . . . . . . . :
3187 ng 15.0 100.0 . . . . - . . - . .
320 105 - . . . . . . . . . - .

(ALL CRESTS UNDERLINED)

I't will Le noted both in the chart and in
the talle that when we compare the original
data with their various moving averages that
the rhythm that was present in the original
data continues present in the comparison .

That is, if the wave in the original data is 9
years long, and we run a 7-year moving average
through the series (Col. I) aldve) and compare
the original data with the 7-year moving aver-
age (Col. D)., we get the 9-year rhythm with
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A &3, 9-Year Rectilinear Wave Together With ID. Data Divided by Their 7-Year Hoving Average

Its 3=Year Moving Average
A & X, 9=Yoar Ractilinear Wave Together With
Bt, Data Divided by Their 3-Year Moving Average Ite 9=Year I:ﬂn‘ :nngg‘

A & C, 9=Year Ractilinear Wave Together With EE, Data Divided by Their 9-Year Moving Average
Its 5-Year Moving Average

CC. Data Divided by Their S-Year Moving Average ier. 9-§::rltgzgiz:{n:az.fr:gthor Mth

A & D. 9-Toar Rectilinear Wave Together With =
Ite 7-Yoar Moving Average 77, Data Divided dy Their 11=Year Moving Average

Note: Note that as the muber of terms in the moving average increase and the moving averege
gots flatter, the original wave resppears more and sors in the percentages. When the moving
average equals the length of the wave, the wave reappeare fully. As the mumber of {tems in
the moving average increase further, the amplitude of the original wave is magnified.

Kote also that the percentages that the data are of their mnving averazes always evidence
waves of the length of the wave in the original data and not the length of the moving average.
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which we started, alleit with greatly reduced
amplitude.

In otier words, the 7-year moving average
oi the data does not in any sense of the word
introduce a 7-year rhythm into the compari-
sons .

The converse of this statement is that if
we have a 9.year rhythm in the original data
and take 8 9-year moving average of the se-
ries, conpare the original data with this 9-
year moving average and find a 9-year wave,
the 9-year wave we find can in no sense le
construed as a result of a 9-year moving
average, either. This seems to Le the nard-
est thing alout moving averages ‘for people to
realize,

It is sugpested that you prove these state-
ments to yourself Ly computing the percen-
tapes Lhat actual figures which evidence a
rhythm are of movinyg averapes ot various
lengths.

Comparison of One Moving Average
with Another

1he comparison oi one moving average with
another is merely an extension of the princi-
ples that have leen explainec fully in the
foregoiny papes. (ne moviny averape can Le
used to eliminate one or more of the minor
waves and mnimize random fluctuations, an-
ower can Le used to approximate the trend
line. lhe comparison of the two, if the
lengths have Leen properly chosen, will oiten
reveal or emplhasize waves of intermediate
length,

JOURNAL OF CYCLE RESEARCH

Susmary

The moviny average is a useful tool for
cycle analysts.

By smoothing out random fluctuations and
shorter cycles, it aids the eye to see nore
clearly the waves of intermediate and longer
fenyth.

Wien the length is suitably chosen, the
movin: averaye provides an approximation of
the underlying growth trend witih, however, the
disadvantage that the moving average will lie
alove or lelow the true trend, unless tie
trend.1s iucreasiny Ly a constant amount.

By the proper cloice of length, the moving
averayc can often effect a complete separation
of two interacting wave systens present con-
currently in the same time series.

By means oi the technique of {irst com-
puting the novin, averase of a series and then
computing the percentapes that the original
data are of the moviny averape, it is possille
to oltain a curve in whicn the distorting
ettect of trend and of longer cycles are mini-
mized.

The use of moviny averaxes can Le compared
to the use of{ color filters on a camera. By
the proper choice of a {filter, you can re-
veal characteristics of the article Leing
photo.raplea, such as i rain in a piece ot
wood, that might Le completely lost in an
ordinary photograph and might Le overlooked
even Ly the naked eye. liie moving average can
Le used in the sane way.

Used with intelligence, and with a full
knowledie of 1ts Jimitations, the movin; aver-
ate is a very valualie tool for the cycle
analyst,



