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PREFACE

THIS hook is concerned with trends or smoothing lines, and with cycles.
In diffieculty it is designed for the student or statistlcal clerk who has

had but little training in statistics. He ghould have fitted straight
line trends by lesst squares, and have calculated seasonal Indexes and
the normal line; he should be fsmillar with the use of the normal line
as a base of reference in studying business cycles; he should have plot-
ted time series, trends, and moving averages on Quadrille paper and on
semi-logarithmic paper; and he should be ready to form conclusions as to
the relative advantages, as trends, of the stralght line and sundry
curves.

BUT in thls Preface the work must be defended- consequently appeal is
made here to more highly qualifiled readers. N

N
3

THE process of time series analyslis through "smoothingx\by stages" owes
much to Ragnar Frisch, whose ideas underlie the wholgwA minor difference
from FPrisch 1ls in the emphasis upon moving averagesg ‘rather than upon
points of inflection (see the - first references, Below, to Econometrica;
in that article, the writer followed Frisch clesely, even to the extent
of relylng upon polnts of inflection). Othen\important predecessors ars
Simon 8. Euznets and C. A. R. Wardwell. QS\.

P
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THE method of smoothing by stages hag\been described or used by the
writer in =everal oublications: T;me Seriesg, thelr Analysis bv Suc-
cessive Smoothings", Econometrica, Tw'2, July 1933, pp. 238-246. "Cycles
in Real Estate Activity™, Journak. cf Land and Publie Utility Fconomiles,
VIII, 2, May 1 32 pp. 191-199,/\,"Cyclezs 1n Resal Estafte Activity, Los
Angeles "Count ', ibid., IX, 1, ~F&b. 1933, pp. 52-56."Resl Estate Activity
in California’, ibid., X, 3 .éug 1934, pp. 291-295. Economic snd Social
Stetistics, University of California Press, 1941.

Q. '

THE method was usedsgnd commended by Elilzabeth Watermsn Gilboy 1n"Time
Beries snd the Derivafion of Demand and Supply Curves: A 3tudy of Coffee
and Tea 1850- 1930" Quarterly Journal of Economics, XLVIII, August 193%,
pp. B6ET-685. A\ .

“‘:.\’:.

THE procedurs/ has besn improved and reduced to routine, so that now 1t
seems appropriate to present a full report, with illustrations, in the

hope th&t statisticians may find 1t useful.

A JUNIOR statistlcian who-follows this method of analyzing time serles

can arrive at serviceable smoothing lines, of which that of the highest

order will approximste the underlying or secular trend. The method gives

him tools to sccomplish a ¢yele analysis which formerly lay wholly bhe-

yond his powsrs. The smoothlng lines and cycles glve him material for a

rich description of each time series, so that comparison beiween series

can be made similarly extensive. This Information enables him to make

g good mechanilecal forecast; to be surs, a mechanical forecast 1s in-

adequate, and a really adequate forecast must always 1lie heyond the

powers of anyone not master both of the technilcal processes ol statistics
and of the field studled; but the mechanical forecast 1s at least an ex-
cellent beginning, upon which someone more expert may make modifieations

to allow for expected forces and tendencles.



THE method of smoothlng by stages, when employsd by an agcimgi;igegsst:n
tiaticlan, saves no time in determining the_trend line, fo ! 5
ungvoldable amount of detail in the process. But t%gt%%g %%tcagrs%{
smoothlng line probably furnishes a Eﬁgsﬁg i;;tiggttggguredaﬁhat gon se-

lgebraic process. ] ht
ggg? Sg 3e§§t:é ?0% Ehe nogice, the method gives new powers in the fields
of cycle analysis, the comparison of +time serles, and forecasting.

NY have undertaken cyele analysls, using obther methods of segregaFlng
fﬁe cyelical movementsyfrom the non-recurrent components of Fhe series.
A leader among such statisticilsns is Simon 9. Euznets; extensive refer-
ence 1s made to one of his books in Chapiter V herein, and to an article
in this Preface. 8ee also in Wesley C. Mitchell, Business Cyecles, the
chapter on BStatlatlics. Analyses by these men and by others have
shown the significance of this phase of time serles study. It is hopgd
that statisticians may find that the method of smoothing by stages im-
Proves the tools for the study. _

CONSIDER now a classification of types of trends, and placg among the
categories the smoothing 1ines secured under the methodN\of "smoothing
by stages". The chief reference will be to the searchinl’ theoretical
artlcle by 3imon 8. Kuznets, "On the Analysis of Time Sepies", {1)

N
7 %4

TRENDS fall into two broad classes: empirical, anf mathematically fitted
by some total process. An emplrical trend grewgvout of the dats in its
own vieinity in +time, by an induective process, It fits close to the
Plotted points representing the dasta. Tt hﬁ%'no preconcelved form, and
when 1t has been located, it usually defiqs§description by a mathemstical
equation. Examples of empirical trendg\vare moving averages and lines
drawn free-hand. As  will be seen, the “Smoothing lines secured through
the method of "smoothing by stages" cembine the properties of these two
Sub-classes. Most critics have granted that the moving sverasge is satlis-
Tactorily objective (the subjectiyeielement lying  principally in the
cholee of the length or period of " the average), but some contend that
the free-hand trend has been 38 ‘subjective as to ecall for complete rejec-
tion. In the praocess of smeotiiing by etages, there iz some departure
from the moving average in‘%he direction of a fres-hand curve, but the
process 18 protected by seweral objective criterig,

\X

KUZNETS, in the artidle just referred to, "dn the Anal i ies’

i¢ J _ & ¥3iz of Time Series
questions wpether' Roempirical trend can contain enough internsal evidence,
of ths per31stenqe\ f form through succesaive reriods, to warrsnt s fore-
cast. In respo@ge, it may be pointeqd out that the moving average

hrough each cycle,with
approached by a trend
Consequently, any persls-
mich better basis for g
¢ of form in a total math-

ematical curve. To be Sure, persistence of form can be shown more relisb-

lydby another.mathematical bProcedure: Aif the Period be broken into parts
and g trepd leted separately to egch short part; the series of trends so
Secured will give g satisfactgry basis to judgs Persistence of trend Torm;

THE éecond general class of trends. 1 ' 1
b oge0 ustelly by e orod procezscomprlses those that are mathematically

some deacription of this second type
of trend has already.been offered for contrast, in discussing the firii
3ions involving subjective Jjudgment are

(1) Journal of the Amerlican Statistical Assn, XX, 1928, pp. 398-410,
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required: (a) vhat type of curve to fit; and sometimes, {b) a critical
date or other parameter, such as the date of the point of inflectlion of a
logistic curve. Trends that have been mathematically itied are sufficlent-
1y objective to satlisfy the requirements of economic statisties.

THE commener types of curves employed 1n the mathematical process are:
(1) the straight line, (2) the parsbola or sécond degres polynomisl, (3)
the cublc or third degree polynomial, sometimes called a third degree par-
abola, {4) the simple exponentisl curve, which appears as a straight line
on seml-logarithmic paper, and (%) the logistic and Gompertz curves, which
are characterized by an 3S-shape. Other forms have been considered: higher
degree polynomials are not practical; the arc-tangent might be added in
class 5; and recurring trigonometric functions like the sine and cosine
might form a sixth class; they have been of interest to statisticlans who
think of the long tidal movements. ' ‘

ONE may distingulsh - though 1t 1s of theoretlesl interest only - between
two types of mathemstically fitted curves: on the one hand,/N\curves +het
really essay an explanation of the changes in the varlable under study ---
with parameters that corbespond to real phenomens. Such,€Ufves have not
been discovered for economle time series. On the otherdanfl, there are
curves which serve as amoothing devices. These differ ¥n the amount of ex-
planstion they seem to offer of the phenomens under €tudy, and in the "rea-
gsonableness" of theilr shape. Kuznets, in the bookts be examined in Chap-
ter V, offers the 3-shaped logistic curve as theyiproper" trend form for
industrial growth, etc., although he is unable \pQ¥give physical meaning to
the parameters in the squation. 'Qﬁ

O
BUT no one has yet come forward with a gehdfal type of curve to fit price
gseries. In a perlcod of stable money (Qp If correction were made for the
changing general value of money), a stwéight line or a logistic might fit.
This problem will be referred to agaiﬁ, below. :
AN ilmportant theoretical issue Botween emplrical trends and thosze fitted by
a total mathematical process e with respect to the assumption of homoge -~
neity of the forces affecting the value of the variable. "If . . we have
forecasting done from a siigle line of trend, from a desecription that 1z .
. . . historically limitéd, the assumption is that the forces that  have
been determining such mo¥ement in the past will continue to do z¢ in the
future - will repeat,. tlltemselves. The basis of expectation herse is not at
all the statistica}\aﬁalysis, but information from a different source,which
enables the forecdster to assert that the period for which the trend Iine
was fitted was h@mogeneous, that 1s, under a preponderant influence of one
and the same kidwn set of forces, which is expected to repeat its Influ-~
ence in the €uture”. (1) :

kS

TQ 1llustrate how radiecal and unrealistic is the assumption of underlying
homogeneity of the affecting forces, even through the observed perlod - -
withcout extrapolating Into the future - - -.let ug consider several time
serles. Suppose one were studying the method of lighting in Americsn homes
since 1800 (or the finsncial outlay upon that lighting,or the total candle
power). Heterogeneity is striking, for the homes have been lighted by oll
lamps, candles, kerosene, gas, and seversl types of slectric lamps.

IF & price series were Under examination, ncot only would there be involved
problems of supply (discoveries, exhaustion of rescurces, etc.) and demand
in the single industry (in which homogeneity might not be impossible), but
also 1n the supplying industrles, the rivael industries, and the industries
which use the product of this cone as their yaw material. An invention, or

(1) Kuznets, "On the Analysis of Time Series”, p. 400,
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i fields would change
change In lmport or exclse taxes, 1ln any of these R
%he ungerlying forces. And, most fickle of all, the changing puychasing
power of mONey makes for heterogenselty over time, In any prlce series.

IT would be unwise Lo fit a smooth mathematicel curve o the nuwber of
votes ecast in American presidential electlons. There have been changes
from property gualification to universal white manhood.suffrage,. to the
freeing of the slaves, and to woman suffrage; territorial gr?wth from thir-
feen states to forby-eight; the Civil War as an affecting-eplsodeéchanges
in the flow of immigration and of the westward movement of-populatlon; and
the subjects voted upcon nave algo changed, as for example in the matter of
the direct electlon of senators. ‘

FOR the business of the Port of San Francisco, homogenelbty cannot be predi-
cated, for the record runs through Spanish, Mexican, and Amerilcan sover-
eignty, the gold strike of 1848, the Civil War, the complebion of the trans-
contlnental rallroad in 1869, and of other lines, the Spanish-American War
and the resulting development of far sastern trade, the esrth uake and fire
of 1906, the first World War, the opening of the Panams Canailin 1915, and
the 8scond World War - with the emergence of air traffic. '

\

N\
N\

QUITE naturally, the assumption of homogeneity of s affecting ~forces

often strikes the operator himself as untenable; . /Bee, in Chapter V, how

Kumnets hes broken into two fragments the trendw:that he fitted to the

series on Brie Canal freights. And, even whdu\dhe fit of a mathematical

curve is not so bad as to demand such fragmenbabion, 1t may, nevertheless,

he worse than the £it of a well-adapted emp%fibal curve of the same gentle-
ness (long radius) of curvaturs. N

"

EVEN in the case of fitting an empikieal trend or smoothing line, it may
gometimes prove advliseble to regard\Some of the data as so completely dlf-
ferent from the rest that the emplmical line should be made discontinuous.
An exqe}lent recent example of gueh treatment 1s to be found i1n Norman J.
8ilberling, Dynamics of Businesd, (1) page 154. Silberling, in dealing

with price seriﬁs, regards $he”inflationary episodes of wartime gs bhelong-
ing 1nt§nother ‘statigtical iverse" from prices during peacetime. Con-
gzggigs.y, he dlSGOﬂtlﬂ¥ES~hiS smoothing line Through those inflationary

' N

. X
£\

THE present writeﬁéfaced another problem in studying the variocus business
series of 8an Fmancisco as they were affected by the earthaguske and fire
of 1906. I had"plotted monthly data. In the first smoothing line, 8L 4, T
allcwed & sal?&tory dlsplacement tco stand, af the time of thse caéastroﬁhe
In the second smoothing line, 3L B, which cut through the short business.
cycle, I_again permitted a saltatory displacement, though along a somewhat
s}oped line, rgther than abruptly vertical. As for the third smoothing

line, 8L M, which cut through the major cyecle, I felt i1t advisable to draw
the curve in a continuous menner rather <than to permit again a saltator

dlsp}acement. But T recognized the subjective nature of the decision?
possibly another galtatory decline should have bheen admitted, and the coni

tinuous line reserved for th 1
e e e next stage of smoothing, designed to remove

AN important publication in the f‘.
R 1 : ] ield of the present :
The_ Smocthing of Time Jerics. Macaulay providespa numbegogg é:iéﬁizgu?iil

milas for moving averagez, desien
" = ed T
iod of the cycle i= reasoﬂably Eniforg? Sone of . Meoon, ihe length or per-

- s . _ Some of Macaulay"
the advantege of glving greater welght to the middle valise sug legs - Lq

(1) McGraw-Hill, 1943,
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the ends. This prings the moving average to the full deslrable departure
in the convex dlrection (departure from the less satisfactory positlon
which an unwelighted average would occupy), in perlods when there is marked
curvature in the moving average. But that same purpose 1is accomplished
hereln by the reiteratlon of the moving average (see correctlon for curva-
ture, Chapter II}, wlth an asdvantage over Macaulay's formulas, of adapta-
tien to changlng lengths of the c¢yecles.

G. A. R. WARDWELL devised the "moving cyclicel average", which makes pos-

sible sn objectlive check upon the smoothing process for serles wilth chang-
ing cyecle lengths. Hls moving cycllcal average is here nccepted as the

principal objective check in the smoothing process. Some ingenlous sta-

tistlclan may find a way to combine Wardwell's contributicn of the varia-

ble length moving average wlth Macaulay's heavy welghting of the central

veslues, and so make unnecessary & separate calculation to eorrect for cur-
vature. But that separate calculatlion is not lsborious, and glves excel-

lent results.

THE method of smoothing by stages 1s sysbematie; each stege of smoothing
is similar to the next. - The only difference among the sbeges is in one
detail. In smoothing out a daily, weekly,or annual cyclg;au simple moving
average with fixed end uniform 1length 1s employed, bedglise sach success-

ive cycle has the same length. But in smoothing oubgthe short business
cycle, the major cycle, or the "long wave'" - - andsalso in smoothing out
the monthly cycle (the months consisting of 31 days, 28, 31, 30, etc.) - -
Wardwell's moving cyelical average of changlng length is used. But thils
minor adaptation of method does not Impalr the\ﬁruly unified and systematie
nature of the procedure. AN
Cf\h
L\ Y
\&°
"\'t\"
QS"“
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. + . "the analysis became necessary since
recurrent changes had to be separeted from
the non-recurrent ones, and . . . the re-
currences of different smplitude and dur-
atlon had to be distinguished from one an-
other.™ Kuznets 1)

CHAPTER L

INTRODUCTION

THE method of snelyzing time serles which w@t“shall call '"smeoothling by
stages", 1s primarily grsphlcal. One errapges’ the data in two forms, as
numericel velueg in a table, and ss a time\polygon upoir & chart.

HE draws & "first smoothing‘liﬁ\“, which cuts through and "removes" the
eyele of shortest period (bhe word "removes” means that the smoothlng
1line 1s made completely fnde from that short-period eycle). Then through
the fluctuations remainldg in the first smoothing line, he draws a second
smoothing line, which removes the cycle or fluctuation of next shortest
period; ete., until ipjthe final smoothing line there remsin no recurrent
movements. If thewaelues of the time series have been glven at monthly
or guarterly inter?ﬁ 8, his first task 1s to remove the seasonal fluctua-
tion - which in.i%s full historlcal record may be called the annual cycle
- by the applig¢ation of Smoothing Line A (so-called hecause 1t removes
the annual cycle; abbreviated as SL A}. Then SL &, 1n its turn, Is smcoth-
ed by a second order smoothing line, SL B, which cutbs through and thereby
M"o1iminates" the short business eycle, and which derives 1ts name from
the initlal letter of that cycle. But 1f the data are in annual form
{instead of monthly or quarterly}, the first task 1s to cut through the
fluctuatlons of the short business cyele by drawing 8L B. In this book,

except. for the brief 1llustration in this Introduction, all the examples
have snnusl data, so tnat SL B is the first amoothing line obtalned. 3L B,
in turn,is smoothed by the applicaticn of 3L M,which eliminates the major
eyele, ao fluctuation ten to thirty years in length. The highest order
smoothing line cbtalned (usually it 1s 8L M) serves as an approximation.

to the underlying "secular” trend, the trend through the centurles. L

1) Simon S. Kuznets, “On the Analysis of Time Series”, Journal of the American Statistical Association,

XXIH, 1928, page 399.



SKETCH @, SMOOTHING LINES AND CYCLE

-VALUES OF THE
VARIABLE

5

s  ANNUAL DATA\";:A DA

NS ¢

ST SMQQTHING LINE
R

SECOND SMOOTHING LINE.\." -

0 . . : . >TIME

‘\: 3

/7% \
%
\z

PERCENTAGE RATIO
sL1 TO SL2

120 .

80 _ '
/ THE MAJOR CYCLE, SHOWN IN THE PERCENTAGE

RELATIONSHIP OF SMOOTHING LINE | TO
SMOQTHING LINE 2 -

60

TIME



-r

IK the relatlionship between any pelr of successive smoothlng lines, 1=

found the history of one order of cyclical movement. The relstionship he-

tween the original monthly or quarterly data and 3L A gives the cycllcal
and irvegular movements of the shortest order, termed the semsonal move-

ment or the annual cycle. The relationship of the first order smoothing

line, SL &, to the second order line, 3L, B, glves the history of the cy-

clical-irregular movement commonly called the short business c¢yele. In
case the original figures are annual, instead of monthly or quarterly,

the short business cycle is revesled in the relaticnship between the an-
nual data and 5L B. The relatlionship of SL B to SLL M glves the major

cycie, as in Sketch a; it 1{s this movement that is marked by the great

hooms and deep depregaions. In serles longer than about 80 years, there

may be found another such cyclleal relationship, the "long waves" that

have been studled by Kondratieff and others. In the study of some one

order of fluetuation, the full history of the ratio of the lower order

line to the higher 1s of interest. But i1t 18 of equal,and posslbly great-
er importance, that from this extended history, bY induective steps, there

may be derived a typical pattern, somewhat uniform and constant; and that

certain standerd measures of that typlcal cycle may be caleculated, When

the stendard measures have been calculated for each order of ﬁ}uctuation

separately, excellent material becomes avellsble for a forschbdt - for a

more thorough forecast than has vet lain within the power Aof statistl-

clans. This forecast makes use of the standard measures{df’the several

orders of fluctustion; it is reallstic, extenslve, and helpful; It is

hoped that it may be generslly accepted ag a declded improvement on the

customary forward extenslon of the normal line. o\

QS

TABLE A and Chart 1 will show that there already)' exlat ways of segregat-
ing or isolating the annual or geasonal fluctn@tion from the other move-

mects in & time series. This table and chartido not 1llustrate technical-
1y the method of "smoothing by stages" bub mercly serve as an lntroduc-

tion to 1%. o\ o .

<N

®

IN Table A and on Chart 1, a twolwe month moving average ls ritted; in .
the case of this particular seples, the curve connectlng the average
polnts 1s found to be amooth; qohsequently 1t will serve, without modifil-
cation, asg an acceptable appxgziﬁation tc SL A, sand asg & good bage of
reference for the study of thé annual cycle. Under the method of smooth-
ing by stages, the moving &uerage curve might be more carefully smeothed;
but, practically speakingy/thab Purther refinement is not often necesasary
unless the twelve monthhmoving average curve 1s quite irregular. In Chap-
ter 1I, the recommendstion will be made that monthly data be consolldated
into quarterly figumed before undertaking the smeothing process.Thet con-
splidation makes 4%S even more unlikely that irrsgularities will dlaturb
the smooth flows¢f the four quarter or "annuael" moving average.

Q)



Month

1920
Jan

Fab
Mar
Apr -

June
July
Aug

Sept

Nav
Dac
1921
Jan

Peb

Apr

June

Number

of

Deeda

T

838
T59
969

81z
676
706
&45
766
791
768
702
764
T02
928
873
883
803

Table A. SAN FRANCISCO REAL ESTATE ACTIVITY, 1920 TO 1929

{

Moving Average,
12 months length

not regent-
recent- sred
erad
maq, maq
76T - 764
TEL 8
75
756
753 75
758
763 765
TeT
772
778
784
789
Tal
793 191
789
790
790 796
803

8ar

The annual cyele, as shown in the zatio of sccual value to moving average,

Source: San Francisco Real Estate Circular, Thomas Magee and Sons.
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Table A. (concluded) San Francisco Real Estate Activity
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(2) APPLICATION OF MOVING AVERAGE AND TREND

DEEDS FILED PER MONTH

CHART 1.
SAN FRANCISCO REAL ESTATE ACTIVITY,
1920 TO 1929
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PLAN OF PROCEDURE, SUMMARIZED. L

THE study of time series by the method here presented, 'smocothlng by
stages", falls into three phases; : _
1. TLoocate the set of smoothing lines (Tables A, B, and C;
Charts la, 2, and 3). _

», Plot the several orders of cycles and determine thelr
standard measures (Tebles A, D, and E; Chsrts 1b, &4,
and 5). This phase concludes the analysls proper.

3. Use the smoothing 1inés and standerd messures obtalned
in phases 1 and 2 - ip correlation and In forecasting
(Chart 6). : :

»

CHAPTER IT 1s devoted to the flrst phase, the location of the smoothing
lines; Chapter III to the second phase, the study of the cycles; Chap-
ter IV briefly treats the third phase, the use of the -gweotning lines
and the standard measures of the cycles; and Chapter V qpplies_ the flirst
two phases to a group of seven  time serles. - RA& :

"\
Ny

A SIMPLIFIED FREEHAND PROCEDURE, WITH NO OBJEGTIVE CHECKS.

fOR qulck exposition, & simplified éketch of the process will now be
given, & purely graphical procedurs, withoufythe objectlive check that is

afforded by moving averages. Assume for;ﬁ}br fifty yesrs!. record of quar-
terly data. : AN

PLOT the quarterly data on & time chePt similar to Chart la, elther on
quadrillie paper (charting paper witk®ordinary rectangular ruling)or semi-

log paper. Conmect the pleotted points by stralght lines, to form a time
polygon. ”

73 )
THE first stage of smoothfﬁg iz from the time polygon to Smoothing Line 4,
a line to be freed fromngil ssasonal movements, both of a recurring form
(the standard saasonal\pattern), and eplsodes or shori-length non-recur-
ring movements; butithis 8L A st1il to exhibilt in full the movements of
the short businesswp§cle, the longer cycles, snd the trend. The following
eriterls should'anobserved 1n sketching the smoothing line:

{a} It.Shbuld be made a smooth-flowing curve wilthout shar?
argles or short-radius turns.

(b)\Ft should intercept from the time ﬁolygon connecting
the plotted quarterly values, a serles of plus and

minus aress which show an approximate running bTalance
or equality, above and below.

{c) Tt should seldom leave to one side (whether above or be-
' low) more than two consecutive quarterly points, and
probably never more than three.

HAVING drawn Smoothing Line A, one undertakes the second stage of smooth-
ing; he works from that line as his base of referencs, to locate dmooth-
ing Line B, a line designed to cut threough and therefore to be freed from
the short buslness cycle, yet to retain in full the movements of the me-
Jor cycle and the trend. Through the short cycles exhibited in SL A,
draw 3. B, which by compsrison will be a simplser or flstter

: curve, con-
talning no residual movements of the short cycle (and of course no season-
al movements). Again obse

rve the principle of s i :
Intercepted above and below. i L gt or Cohettiy, of ereas

Try to keep the length of th
cycles reasonably uniform ( v ° A ve to be Pren

1t is suggested that the may
two to six yesrs in length). &8 ¥ ¥ Pprove to be from



by

IN like menner, proceed to the third stage of smoothing, drawing SL M to
oliminate the msjor cyele, .the 10 to 30 year fluctuation exhibited in 3L B.
Tt may be possible to proceed to a fourth stage of smoothing,if the record
of data ig sufficilently long. :

-

THE values at sssligned dates, of each of the successive smoothing "llnes,
may be resd from the charts {as from Charts 2 and 3), and transcribed to
working tables (as Table Cb).

THE full historlcal record of the relatlonship betwsen the ‘monthly or
quarterly data and SL A, constitutes the annual cycle or the seasonal
movement; this relationshlp will appear as & serles of wvalues  of the

quarterly or monthly ratio. (1) This ratio é%EE%L 1s ordinarily multipli-

ed by 100 to convert it to & percentage ratio. Its successlve values may
be 1lsted in a table (as Table A, Column 5), and deplcted graphically (as
on Chart 1b). From the record of this ratio, one can calculatesthe typle-
al seasonal pattern. _

7 '\' A
"N\
\

SIMILARLY, the relationship between SL A and SL B, &S)indicated In the

history of the ratlo 100 g%}%_ gives the short busihéés eyele. The values

of this ratioc may be entered in a table {as inN[Bble Db, Column 2, and 1n
Table Fa, Column 2), and may be shown graphl gily (as or Chart 4}.The pro-
blem of calculating the standard or typlcaXl pattern of the short buslness
cycle is more difficult than for the annudl'cycle (from which one calcul-
ates the seasonal pattern), for here there 1s & variable length or period..
However, & reasonably satlisfactory standsrd pattern can be cglculated, as
will be discussed in Chapter IT1I bel@w, and as iz shown on Chart 5.

: ' - " : ' :
THE major cycle is found in ghe/relationship between SL B and SL M. -This
may be studled 1n the sagﬁhf&shion as has been suggested for the short
cycle, 9,

N/
- O
THE subjecta of copﬁélﬁtioh and forecasting will be postponed to Chapter IV;

‘0\’~
THIS concludbszthe preliminary exposition, in whleh the smoothing has
heen freshand, wlthout penefit of the objective check of moving averages.
For a good many appllcations, this freehand method i1s sufficlently accur-
ate; its major defect 1ls that it 1s not objective -- that two statisti-
nisns would not get preclsely the same smoothing lines, &and consedquently
the remder could not wholly trust the results. In order to make the pro-
cess objective, and therefore acceptable in accordagce_with good statis-
tical practice, it is nsces3ary to check +the graphical | procedure; for

this check, moving averages have been found useful.

(1) The seasonal movements and the longer cycles may be studied on the basis of differences instead of

ratios; but for simplicity the exposition will be confined to ratios.



CHAPTER 11

THE SMOOTHING LINES

GIVEN a time serles made up of data at regulsr intervals, (1) which is to

be analyzed by the method of "smoothing by stages": the first task in

the anslysis, the one which 1s to occupy this chapter, 1ls to locake th?

suceesslve smoothing lines, each of which will in turn cubt through or eli-
minate an order of fluctuation. The first such line,will eliminate the

Pirst or shortest order of fluectuation from the time pelygon of the orlg-

inal data, the second will eliminate the shortest fluctuation astill dis-

cernible in the first smoothlng line (this 1s the second order of fluctua-
tion in the time polygon of the original data), the third will eliminate

gnother fluctustlon from the second smoothing line, ete.

: A
Section 1. LOCATING SMOOTHING LINE A. A

L X -
2N\

"N .

ASSUME +that quarterly data are supplied. The firstiline to Dbe located
wlll then be Smoothing ILine A; It will cut throughsaénd thereby "eliminste”
the seasconal or snnual cycle. {It 1s not recommeﬂaad that monthly data be
plotted on the chart; the elaboration 1s great,\and no value derives from
1t. For the purpose of the pressent chapter, whlch is merely to locate
the smoothing lines, it would be better toocﬁhsolidate menthly data  Into
quarterly form before plotting and smoothimg’ Subsequently,whsn the zev-
eral gmeothing lines have besen located,and the attention turns to the
study of the annual cycle, the operator‘mey chocse to makes that study on
a monthly basls. He has only to readifrom the chart the velues of 2L 4
8t monthly instead of quarterly inte¥vals, and to compere those resdings
with the originidl monthly data.) a\

PLOT the quarterly data eithe£>on quadrille paper or cn seml-log peper.(2)
Comnect the quarterly points by stralght lines, forming a time polygon.

BEGIN Teble B (see al8y Table C}; 2% columns will be 1ndicated, as that
one table serves al;ffhree atages of smoothing. In column 1, enter the
dates of the qu&ngirly figures; and in column 2, thelr values. Calculats
e four quarter poving average. The sole purpose of this moving average
vill be graphigal, to serve s & pgulde to the desired 8L 4. Note that the
arithmetic type of moving average may be used in this stage of the analy-
8ls, even<fhcugh the chart be on seml-log paver. Bee statemant bhslow in
this chapté? (Ssction 2), on the use of a moving geometric mean 1n the
later stages of smeoothing, i1f the chart is on semi-log paper. .

ENTER the moving average values in column 3, at levels to show that they
fall hetween the dates of column 1; plot them on the sasme chart with the
time polygon of the data. It 1s not necessary to recenter these averages,
ag would be the case 1f they were to be used directly in the calculation
of seasonel ratios. Sinee they are to be used only graphically, as aids
in the loeating of 3L A, it 1s actuslly an advantage to hsve them fall on
the chart halfway between the dates corresponding to columns 1 and 2. The

1) Should the data be at irregular intervals, the method o | smoothin
the early years of the Erie Canal freight series in Chapter V. but th
need to be principally frechand.

g by stage§ is still applicable, as in
¢ first stage of smoothing may then

(2} The decision as to the type of ruling to be favored will not be discussed. See the seven séries in

Chapter V, '
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line connecting these moving average points will be found to be slmost en-
_ tively freed from seasonal movement, but still to contaln the short busl-
ness oycle, the major cycle, and the trend. This line will glve & close
and dependsble gulde to the desired SL A (see Chart 1}). However, there
may still be found some residusl seasonal ilrregularlities; hence it mey be
necessary for SL A to depart from the moving average (mas polnts slightly,
in order that 9L A may be completel% freed from even the lrregular move-
ments of approximately the length of the more regular seasonsl cycle.

DRAW SL A, s flowing curve, followlng the moving average points fairly
closely, but pursulnp an intermediate course bhetween any irregular high
and low valuss. The principle should be cbserved of & running equallty
of sress above and below this smoothing line.Smocthing Line A should fol-
low the guarterly moving average points so cleogsely that, save 'at peaks
and troughs {peaks and troughs require specilal attentiony see discusslon
of curvaturse, below, in this chapter), one will seldom find more than two
consecutlve moving average polnts lying on the same side (elther above or
below). Bix or eight successlve points may occaslonslly be sallowed to
1ie on one side, if the data end averages occur at monthly intervals.

N
£ X
A Wi

ST & 1g designed to remove completely both the regular aéasonal pattern
and any short length irregular movements, but 1t should-neot do more than
thig, for it 1s not deslired ab this shtage to smooth gut any portion of the
short pusiness cyele, nor any portlon of the major €¥cle. The reason for
this cautlon will become clear in the study of cy&les, Chapter III.
Y

IN carrying SI A& nearer to elther end of thewséries than six months, em-
ploy & dotted line, which will indicabevthe ‘tentstive or provislonal
character of the line nesr the end of the Glstripution (see discussion of
moving averages, below). AN .

*

READ the values of 3L A from the ehart at quarterly intervals, at the
same dates as are entered in colmms 1 and 2, and enter theses wvalues in
golumn 4. The reason for re&Qégg’these values at the sams dates as those
in eolumn 2, 1s that the seasdnal movement {the annual cycle) will ©be
studied by exemining the rgtios of the data to SL 4, ‘and for that purpose
1% l1s hecessary to have the Lwo sets of figures at simultaneous dates.

Y. \0. '
{IN the numerical eﬁimﬁles which follow, the data will be supplied in an-
nusl form; conseguently the first smoothing line to be secured willl be
SL B). R\ -

N
£ k

Section 2. DEVICES TO AID THE SMOOTHING PROCESS.

MOVING AVERAGES.

THE method of smocthing hers employed is in part pased upon &4 moving aver-
age procedure, similar to that shown 1in Table A and on Chart 1. We =shall
be concerned with two types of moving averages, those of unifgrm length,
and those of varying length. 1In smeoothing quarterly data to eliminate the
annusal e¢ycle, the 1éngth or period of the cycl? is a constant, four guar-
ters, apd therefore the moving average to eliminate the ~annual cycle 1is
taken of that same constant length. The four quarter moving average TIe-
moves the seasconal or annual eyele from the curve of thg data ,without dis-
turblng or removing the short business cycle, the major e¢ycele, or the
trend; 1in other words, the short business cycle exhiblted by the curve of
the moving average polnts is précisely the same as the_short business cy-
cle exhibited by the original datas - and so are the major cycle gnd the

trend identilical.
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AS 1a commonly known, moving averages ecannot be brought abresst of the
current date. Smoothing lines retaln this shortcoming of the moving aver-
"ages upon which they are pullt -- that they cannot with confldence be
prought to the present dats. Consequently, when it is found necesszary to
estimste the current value {the current "ordinate") of one of the smooth-
ing lines -- and the csaution applies stlll more when effort 1s made_to
forecest a future valus -- one needs to treat that current or future value
a8 spproximate snd tentative. The preclse value of Smoothing Line A for
February, 195%, will not be ressonably assured until that date has slipped
s1x months 1nto the past; becauss the four-qusarter moving average, and
Smoothing Line A, &re built upen date a full year in length,extending gix
months in both dlrecticns 1in time. For 8L B, about two years must pass be-
fore the ordinate may be considered well satabllghed: and for 8L M, ten or

twelve years.

A

SKETCH b, TO SHOW DOTTED ENDS
~ OF MOVING AVERAGE LINE
VALUE OF THE | 1O B |

VARIABLE R

CURRENT
DATE

e
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THE MOVING CYCLICAL AVERAGE.

THE short business eycle and the msjor cycle are charscterized by variable
iength; sowmetimes the short cycle is scarcely mere than & 7year, but at
other times 1t may prove to be elght or nine years long: sometimes the ma-
jor cycle 1s but twelve years long, while at other tlmes as many A&a thirty
years may Pags between mejor depressions. A modified form of the moving
average, the "moving cyclical average”, permits varylng the length or
perliod of the aversage, from cycle to cyele, =o that at each application
preclsely one cycle will be averaged, gnd so smoothed out. This &ype of
moving average was devised by C. A. R. Wardwell of Northwestern University
The important feature of the moving cycllical aversage 1s that the length of
esch successive average ls preclzely one cycle. :

IN working from a tsbulated and charted Smoothing Line A, in the attempt
to locate Smoothing Line B, it would be a mistake to use as the length of
the average, & period of time that did ggg'correspond preclgedy to on&g oy-
cle as exhibited in the relation of 3L E to 8L B; that erroriwould resul®
in a calculated value (the ordinate) of the average,which &etld in general
fs1l to attaln the  Intermediate positlon or aversge vedne” which should
eharacterize SL B. If for example {a, In Bketch c), _twe peak perlods in
af, A should be ineluded in the period taken for thd moving average, and
only one period of depression oOr inactivity, thelaverage based on that
badly chesen lnterval would be lmproperly weighted}~and 1ts value would be
found too high to afford a useful guide to the dedired Smoothing Line B.

N




.mx_m._.o_._ ¢, CORRECT AND INCORRECT SKETCH d, TENTATIVE SMOOTHING LINE
LENGTHS FOR _<_O<_zo AVERAGE | AND PHASE POINTS

VALUE OF THE . VALUE QF THE
VARIABLE - ) VARIABLE
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TIME —=

Sketch ¢, Correct and Incorrect

Tengtes for Hoving Averago. - SKETCH d2, SAME Dm m_Am._.Q._ d, WITH EXTENDED TIME mOD_.m

{#) Tirst error: iancluding two

peaks snd crnly cae Lrough; : . : ..\\
conscauently getliing too nigh

a value of the avorsge Lo serve ).
83 a agouna gilde to the amcoti- ' . : f
ing linc.

ﬁdu accond error; including oaly a
nslf-oysla; in the csss shown,
the resullblog sverags would be
toc low.
(¢} correct time lenglh: the avarege

wlll be Lraly repraseontative
of the zerles in the 1ndicated
interval of fime.

-
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TENTATIVE SMOOTHING  LINE AND PHASE POINTS

IT 1= advisable to make use of & moving average composed of & successzion
of averages each based upon a perlod precisely one eycle in length, as
observed in those particular years. (1) In order to accompllsh this re-
sult, use may be made of two related devices: & tentative smoothing line
gnd s number of phase polnts.

IN each cycle, there are four points easy to 1dentify: the pesk, the
trough, and the two polnts approximately half-way between those tWo €X-
tremes; these four may be called phase points. The guarter cycles be-
tween successlve phase points may be called the four phases of the o¥-
cle. These terms have been borrowed from the study of wave movements in
physlcy.

. N\
START with & tebulated and charted "lower order" curve, to, which a smooth-
ing line 1s to be fitted. Through the fluctuations in Jihe lower order
curve, drew. & tentative smoothing line (T 8L} to cut phrolgh the short-
period fluctuations; employ & wholly graphical progedure resting upon
a running equality of areas intercepted, and gentle £18wing curvature, as
deseribed in the Introduction (Chapter I). To locaberthe phase points, in-
spect the manner in which the lower order curve.¥MNictuates about the ten-
tative smoothing line a&s a central tendency. Lgeate those polnts in the
lower order cuprve at which the ordinate sbowe T 5L is a meximum; call
thege points peeks, &and glve them the designating letter p {(the succes-

-slve peaks may be numbered pl; p2, p3, epp{}. Locate the points farthest

Lelow the T SL; and call these points prbﬁghs, t. Call the intersectlons
of the lower order curve with the T Shwy'r or f, sccordling as the lower

*

order curve 13 rising from a previoud trough, or falling from a previous
pesk, at the intersectlon. N\

N\

+s8 3 .
WHEN wou Jlocate a phasg\ﬁb‘nt, let your attention bhe fixed on the
abscissa, not the ordinabe -- on the date, the 1nstant of time, rather
then on the value of blies varlable. Consequently, although 1t may be con-
venient first to marksblbe phase points directly on the curve, it will  Te
well to show them al}sd by ahort vertical merks along & horizontal line.

N

*
¢

THE elspsed ﬁiﬁé'between two successive phase points gives a phase (rough-
ly a quarten)jof s cycle: rlpl’_plfl’ £15,, $1Tp, ToPps etc. The elapsed
time between eny Dparticulsr phase point and the similarly named (homolo-
gous) phase point in the next cycle (from one peak, &s pPs, to the next,
p,: from one trough, t., to the next, t6; from one r to the next; or from

one [ to the next) gives an exact cycle length. It will be observed that
these "oycles", measured from four different starting polnts in each
cyele, overlap like shingles or like moving aversges;but they differ from
the usual moving average in that the number of months in any cyele iz de-
termined by the dates of the phase points st 1ts beglnning and 1its end;
the number of months comprised in one cycle 1s likely to be different
from the number of months in the sdjoining and overlapping eycles. (See

Table ¢ snd Charts 2 and 3).

(1) If the reader wishes i pursue this subject further, be is respectfully referred to the writer's article in
- Econometrica, Jaly 1933, and to the book by C. A. K. Wardwell, An Iovestigation of Economic Data for

Major Cycles, Northwestern University,
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Section 3. LOCATING SMOOTHING LINE B.

(Tablgs B and C, and Charts 2 and 3).

INSPECT +the chart on which 5L A hss been locasted. If there are so many
construction lines as to cause confusion in the further construction,
transcribe SL A to a new snd clean <hart. 0ften in thils transcribing, 1t
w11l be found helpful to eondense the time scale, in order %o make the
business cycle stand out; there is no longer need for close detall, for
there is in SL A no residue of the seasonal variation. (Ses the contrast’
between the condensed time scale on Sketeh 4, and the extended scale on
Sketeh d2.)

TENTATIVE SL B should be dreawn through the filuctuations in SL A, In free-
hand fashion: 1t should cut through and eliminate the short business coy-
cle, ~Take care to secure -8 running equallty of areas Intercepted sabove
and below, and make Tentative 3L B follow a gentle_curvatﬁre, avoiding
short-radius turns and sherp angles. Tentative 3L B should exhibit in its
own movements the trend and the major buslness cycle, foﬁ\\it represents
an attempt to remove’ the short business cycle only. )

N

7%
S

1OCATE the phase polnts of the short business cygle{ which will be used
to determine the lenghths of the successive cyclegiand of the moving cyecll.
cal sverages. Merk the phase polnts on the chart (this 1s precise), and
list them in Table B, column 5, at the propem wertical positions to indi-
cate their dstes (this is usually only apprioximate).

MARE the mid-dates of the cycles on tbé~chart.

TREAT columns 6 to 11 as a block, *n so far as the line of entry 1s con-,
cerned. Look first st the mid#£8gte of the particular cycle; suppose 1t
should fall in the third quartsr of 1882. Write 1882 Q3 in column 8 (op-
posite the third quarter ofX 1382 as listed in column 1). On the same hor-
ilzontal line 1in Table Bg(i. 6., opposite 1882, quarter 3) {111 in the
other figures descriptiqﬁ.nf this particular ecyele; 1its neme, in column
6, as P1,p; the Tirst dusrterly date included in the cycle, in column 7;

{2
the last guarterly @e%e included, in column 9; the number of quarberly
reasdings included.%@:the eyele, in column 10; and finally the moving cy-

clical average (whéther of the srithmetic or the geometric type), in col-
umn, 11. AN :

THE above paragraph has' been predicated on an assumptlon or quarterly
data. The vertical arrangement in Table B will require deuble spacling,
Tirst, to &llow proper placing of the four-quarter moving averages Dbe-
tween the dates of column 1; and second, because occssionally two phase
pointe 1n the ennuasl cycle will fall in. the same quarter, and thils too
requires double spacing.

FOR working from annusl data, see Table C. There, toc, double spacing 1s
necessary, Tor the falling of two phase points 1n the business eycle in

the same year occurs frequently, as does the gimilar collision of mid-
dates of cycles, '

SHOULD the chart be on semi-log psper, the moving .cyclical sverage (mca)
~at this stage {working towsrd SL B) may be made elther srithmetic or geo-
metric in type; a little better check with the grephical eriteris will he
secured from the geometric mean, but it 1s doubtful whether the slight

improvement in accuracy.ls always worth the extra trouble. See the dis-
cusston of the geometric mean below. . '



17

PLOT the moving cyellcal average {mcs) values, each precisely at the mid-
dete of its cycle, a8 determined by close measurement on the chart. Con-
neet the mes points in pencil, by sloping stralght lines to form 2 time
polygon. The mea points (and the polygon connecting themj are to serve as
guides to the final leocation of 3I. B. They will normally lie fairily closs
. to the Tentative 8L B, but will furnish a reason for lifting that line in
gome reglons snd depressing it in others.

TO draw SL B in an improved locatlon, follow the principles that have al-
ready been observed in drawing Tentative SL B, namsly, & running equallty
of arees intercepted above and below SL B, and gsntle curvature; and now
add the criterion that the line should follow reasconably closely the mea
points thet have been plotted. The line need not touch each of these mca
points; it need merely pass through the area defined by them, following
an inbermedlste path without sacrifilcing mich from the criterion of
gmoothness, 1.e., long radius curvature.

ORDINARILY, this improved locatlon of 3L B may stand as fid8l. But two
cautlions msey still be observed: A\

1) It is necessary to guard ageinst an error that mey)yarise in re
glong ol marked curvature of 3L B. This subjecﬁ;zﬁill be more
thoroughly discussed 1n locating 81, M; onlgsan’informal check
is suggested here, namely that the operatorjbe' sure to go high
enough at the peaks in SL B and low enough{ )dt the troughs 1n
8], B. He should not smooth too much. The formal check for curv-
ature is more necessary ln the next spa@a, in passing to 3L M.

2} It will later bhecome possible toa\make one more check on the
running eguality of arsas intercepbed above and below SL B. In
Chapter IIT will be found a difeussion of - cyecles. The short
pueginess eycle 1s revealed in.the record of the ratio of SL A
to L B { Table E and Chart 4. Examination of that cycle glves
sn opportunity to check once ‘more by the criterion of a rumilng
esquality of posltive andgﬁegative areas Intercepted. If it 1s
found on the cyele chartjthat two or three consecutive troughs
yun too deep (3L A be M SL B) to permit the intervening psaks
(SL A above SL B) t&haccomplish the desired running balance of
the areas, such &{finding would warrant the operator to return
to the first op jghoothing chart - as Chart 2 - on which the lo-
cation of Sh Bgﬁad been worked out, and to lower SL B, through
the time inﬁ§p¢a1 in question. After this corrvection, when the
new valiuesdof SL B have been entered in the table, and the new
percenta a%ratios of SL A to 8L B have been calculated and plot-
ted omsfhart 4, the troughs (SL & below SL B) will be found not
so'déeﬁz reletive to SL B, and the peaks will be found to be
higher, ralatively, =o that the desired running balance of
apeas will st last have besn schieved.

a
WHEN the final line has been determined, read the values of 5L B at quar-

terly intervals, and list them in column 12. So far as the needs of the

next stage of smoothling ars concerned - in the locating of 3L M -- seml -

annual values would suffice; put the values ars also to be used 1in deter-

mining the standard mesgsures of the shopt business cyele, by an exemlna-

tion of the guarterly ratiocs of SL A to SL B; sa 1t 1s best to take the

readings quarterly, 2t the same dates as thosse entered in column 1.



Year snd Quarter+

The Querterly Values m

Date:

values In column 3 to be

Double speced, to permit
entered between theae.
Values in column 3

will be 8 half-guarter
out of phase with

Table B. A suggested arrangement for the calculations, from quarterly data, to locate
the smoothing lines. (See Table C, and those in Chapter V;

there the data arc annual rather than quarterly.)
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order of columns 5 to 12, but directed to the locatling of SL.MN., Soe text
on the use of & geometric mean 1f chart 18 on seml-log paper. < dm column
20, enter the values of the Second Approximation te 3L M Amﬁ.”_.H % wﬁmon
to porrectlon for curvature). Use a separste work table, as Tahle Lg, for
reiterating the moving average; plet the values of the adjusted Eo%wwm .
average; draw final B5L M to passg n”_bmmum through them; read 1ta ak at
reguler intervals and enter in column 24,

dhould still &ncther stege of smoothing be undertaken, &nother
block of twsive columns would Le needed, ms 13 to 24 because of the need
agein for corrseting for curvature. That correcticen will reguire e
separate work sheet, oz described above Ffor the preceding stage.

el

e

Smoothing Line Bl

{The dates of colump I
wmay be repeated here)

At same dates
a3 in column 1.
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THE MOVING GEOMETRIC MEAN

EF the ghsrt iz on semi-log paper, s moving geometric mean will furnish a

better" guide to the locating of the smoothing line than will a moving

average of the arithmetic type. The geometric averages, when plotted as

polnts c¢n the chart, will glve a guide that will conform to the other cri-
terion that has been relied upon - the running equallty of areas intercep-
ted above and below the smoothing line; this, unfortunately, is nect true

of arithmetic sverages when plotted on semi-log papsr. The discrépancy

petween the two types of average, and conseguently the degree of the ad-

ventage of the geometric over the arithmetic average, beccmes greater

when very small and ve%y large i1tems are included within the span of the

average. In the cases pafore us, this Is when either: (a) there is s wlde

scatter in the plotted points, or a wlde amplitude in the lower order

curve being smoothed; or (b) there 1s a decided slope in the smoothing

line. 8hould both these clrcumstances be lackling, the operator may decide

to save labor and calculste the arithmetic type of average, desplte some

slight error that must necessarily result. He may do this with pasrticular

confidence in passing from the plotted polnts to SL A oceagionally In

passing from SL A {or from plotted annual values) to SL B; probably never

in locating SL M. ' )

"N\

THE geometric mean,' GM, it will D%he remembered, 1s’fﬁe nth root of the
. L M

n &
‘product of n factors, VixBxCx.... X N 0% may be caleculated as

%

/.

the sntilog of the sum oi-the logs . {&

X 3

Section 4. LOCATING SMOOTHING LINE M. .\~

PROM SL B, possibly transcribed tow's new chart with a condensed time
secsle, procesed to locate 3L M, utiNzing a Tentative SL M, phage points,
and moving eycllical average (mcad» In Table B (continued), columns 13 to
2% enter the calculatlions; 1 {trils stage apply a formel check for curv-
ature; finally enter the aalues of 8L M 1n column 2% at semi-annual or
ennual intervals. The calcmbatlons for the seven series in Chapter V were
arranged in the work tableias has just been suggested. But for the pres-
entation or display tables to be printed in this book,some of the columnsa
were compressed into\E@ﬁller compassa. _
R

IF SL M has beeftwell drewn, it will cut through and thereby eliminate
the major cyc¥es) ™ There may still be & few "long waves" in SL M, that can
he smoothed out in another stage, but if the series 18 nqt.over sixty
vyears in length, ar, M itself should glve a very helpful approximatlon to

the secular trend.

THE smoothing line, SL M, in the nalf-oyele (of SL B about SL M) nearest
" each end of the chart, should be dotted, so that the reader will apprecl-
ate that 1ts location is in some doubt. For a short serles, less thean a-
bout 40 years, it may happen that no meca Dpoints will fall in the first
elght or tem yeals, nor in the last ten. This permits the meca check for
only a few points in the middle years, and leaves the shape of the dot -
ted ends of SL M to be determined by the eriterlon of equal areas, and by

“the trained judgment of the ope:r*:eﬂ:or.°
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SKETCH €

VALUE OF THE
VARIABLE

Correcting for improper curq\ﬁﬁre in the smooth-

ing lilne, by reiterating the moving average.:

—TIME

This correction is requiredﬁ%ecause in periods of marked curvature in the
smoothing linme, the. mov%tg ‘average departs from its proper positicn
{which would cut through e middle of .the lower order fluctustlons), and
tekes Instead an unsuifable position, dlsplaced in the dlrection of the
concavity (i.e. away‘from the convexity) of the smoothlng line,

The sketch omitssthe lower order line from which the moving averages vwere
galculated; that\“curve would he more sinucus than those here shown. It
alsoc omits the\frechand tentative smoothing line, which was uaed in deter-
mining the ,v&ricus cycle lengths 1n the lower order line; that freehsnd
line wasydhe flrst approximsticn to the deslired smoothing line. The
sketch bégins with the moving average values which are labeled "1"; a
dashed line connects them; 1t 1s the second approximation to the desired
smoothing 1line. Actually, because of its displacement In the direction of

concavity, the second approximgtion may be rather badly out of place; yet
1t will aid in locating the finel, satlafactory lins.

Read the values of the dagshed line (at the ssme dates as those of the

lower order 1line, previously used in caleculsting the moving average points
merked "1") and enter them in & work table, not here shown. Using these
values of the dashed line, calculate a new set of moving average values;

it is thils process which i1s called reiteratling the moving average. The
"R" points have Deen plotted on this chart, though they would never be
plotted on & worKing chart, as they sre not wanted In themselves - only
thelr differences from the points merked "1". That difference or dlscre-
pancy 1is the desired error due to curvature. Project that difference in
the opposite directlon from point "17; 1T will be found that the project-
ion is in the direction of convexity iIn the smoothing curves. Thershby
secure point "2", the desired finsl guide to the smoothing line, which
has been corrected for the curvature in the smoothing line itself. The
line through the points marked "2" is there made a solid line: Tt will
properly cut through the middle of the lower order fluctustions.
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CURVATURE: A SYSTEMATIC ERROR IN MOVING AVERAGES; ITS CORRECTION

BY REITERATION OF THE MOVING AVERAGE.

MOVING averages exhibit & systematlc error when fitted to a curve with
sharp curvature. This is true whether they are of the ordinary form with
constant perlod, or moving cycllcal averages with changling lengths. As
soon 88 the nature of this error 1s once understood, its correction may
be undertaken. '

SUPPOSE that SL B has been established, and that one is working toward
the location of SL M, to eliminate the major cyocle. He hes drawn tenta-
tive SL M, as on Chart 26, and ‘observes a peak 1in it in the vicinity of
the year 1925. Because of the curvature at this pesk, moving average
values (lsbelled #1) In the vicinity of 1925 will be "too small"; that
1s, when plotted on the chart they will stand too low to accomplish
thelr intended purpose, which is to ecut through the middle of the major
cycle fluctuations in SL B. A smoothing 1line standing go low would not
schleve the complete segregation of the several orders of pycles; it
would go beyond its Intended function, which 1s solely to smbeth out the
major cycle, and it would contribute something undesired tqﬁard “smooth~
ing the "long wave" as well. This overly-smooth line would make an un-
gultable base of reference for the study of the majoricycle _(Chapter
III) and would also be unsultable for the study of !lddg waves", should
that stage of cycle analysis Dbe undertaken. \/ )

A
T0 begln the process of correcting for the emper of over-smoothing, draw
s second approximation to SL M to touch these.wdubicus (#1} moving aver-
age pointg. This second approximation l1ine™s designed to serve as &
bage (1)to find by how much the moving gwerages near 1925 are +too low,
and consequently to correct for the ermey. Read values from the second
spproximation lins at regular Intervels, at the ‘sams detes as the SL B
values that were used in the mca process previously undertaken {which
gave the mca polnts through whilch-blils second approximation to SL M has
besn drawn), and enter them in~o@lﬁmn 50 of Table B.These regularly spa-
ced readings from the gecond epproxlmatlion to sT, M are to be used Lo cal-
culate new or 'relterated" mgying cyclical averagse values: use precisely
the same cycle lengths forhkhe calculation of the reiterated moving cy-
clical averages &3 Were nged for the first set.

_ AN\
N\
BECAUSE of the curwature in 8L M (as shown both in Tentatlive 8L M and in
the second apprg;iﬂation through the #1 mea points), these second or re-
iterated moving averages will Db st111 further too small, that is, 1f.
they were Dplotted, they would 1is below the second approximation line.
But now we can compare the socond approximatlion line with the relterated
values. For each relterated med, determine the dlffersence between its
value and the value of the second approximation line at the same date.
This differsnce may be called the error in the movlng average caused by
curvature; to cogrrect, the first mea may be increasad by this gmount, to

secure Fhe desired gulde polnt.

FOR example, In Tables Cb and Cec, one of the original mea points (tB,M’

column 19) fell in 1925, and 1ts value was 10,800 deeds per year; the re-
{teration of the moving average showed & new mea {column 21) of 10344,
which shows a departure (column 22) from the second spproximation to 3L M
of 456 deeds per year. 456 1is the srror due to curvature, snd should be

(1) In Chapter V. Table F, two bases of reference are combined, in a rather free com promise; the second
approximation line bere called for, and also the first set of mea values. (The other tables in Section VII
refer only to one base of reference.)
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: the adjusted mea
] the correchbion; 10800 plus 456 gives 11,256,
32%32'?2r 1925. The vaiue 11,256 should be taken as the graphiqal gulde
ta the final SL M. '

' ount of error in the valus of the moving average, due to curvature,
EEEgigater where +the curvature 1n the smoothing line 13 sharper, and
whers the partlcular cycle in the lower order curve ab?ut that gmoothing
line 1s longer; the error and the amount of the correctbon, censequently,
will be found to vary from one mes point to the next.

THE shove digcussion hag relgted to 1925, a pesk. AL a trough, as that of
1895 on Chart 8, the srror dus to curvature csauses the first set of mov-
ing averages to be ftoo high; the reiteration gives & wvalue stlll higher;
the correction arrived at by subtracting the second approximatlion line
from the reitersted mea should be subtrsected from the value -of the firat
mea, to obtain the adjusted mca, the desired graphical gulde to the finsl
5L M.

. N\
IT has been the practice of the writer to mske only'gn\informal correc-—
tlon for curvaturs in the short buslness cycle - inNdeating SL B. He

usually makes s formal correctlon only in the next stsge, and then, prin-
clpally, through the years in which distinet curvabube is evident on the
chart. Bee the smoothing in Table C, parts &, byend ¢, and Charts 2 and
3. '

USE OF SMOOTHING LINE M AS A GUIDE TC\);}}'MATHEMATICALLY

FITTED TREND.

«)

FROM en inspection of 8L M, the@Derstor may conclude that it resembles
some particular mathematliecal curwe (such as a gtraight line, = second de-
gree parabola, a compound imgerest curve, or s logistie ‘eurve}. He may
then choose to go back to FHe original data and by mathematlical or total
process, to Tfit a cur®e\of the type selected. Such procedure might be
thought to be a rejectibn of the SL M, and therefore of the method of suc-
cesslve smoothings. (BUt even in this case, +the method of successive
smoothings, which hgsybeen relatively easlly applied, will at 1least have
given a basis.foruqéﬁermining_which.type of trend to fit; moreover, it
will probably ha{@‘furnished, falrily clesely, the parameters of the equa-
tion. (See inhapter V how a group of logistic curves previously fitted
by Kuznets areitested by the method of successive smoothings.) Also, as
will be dev€idped in Chapter III, the method of successlive smoothings

wil; furniéh’an excallent analysis of the cycilcal components of the tilme
Series.

Section 5. SAN FRANCISCO REAL ESTATE ACTIVITY, 1867 TO 1940
Application of Two Stages of Smoothing to Annual Data

(2 discussion of Table C and Charts 2 and 3) ' ;

THI3 11lustrstion begins with annusl data, and consequently thers is no
8L A to be drawn, and no seasonal analysiz to be made. Yet, for simplic-
ity in cross-reference, the columms have been numbered as in Table B.
Table C and Charts 2 and 3 were prepared together, as will be described.

FBOM the tabuleted values of the annusl figures, in Table Ca, column 2, a
Flme polygon was drawn on Chavrt 2., Tentative Smocthing Line B was drawn
in pepcil, to cut through that time polygon {the reader will find parts
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of this tentative line dashed, but other parts merge with the solid line
which marks the final location of SL B). The fluctuations of the time
polygon about Tentatlve Smoothing Idine B, were observed, and the phass
points were marked on the chert and entered in the table (column 5)-

THE flgures 1n the next six columns find thelr vertical position dstermin-
od by the date of the mlddle of the cycle {entered in column 8); these

mid-points were merked on the chart and entered in the table., Columns a,

7, 9, 10, and 11 were then filled in. (Note that 1n column 5 the phase

points are entered In the vertical peosition which corresponds to the year

in which they fall; and that in columns & to 11 the names and measures

of the cycles ars entered 1n the vertical position which corresponds 1o

the mid-date of the respsctive cyecle, entered 1n column 8). The tabulsted

length of the eyele 1n years (column.lO) is not 1intended as & precilse

messure of the elapsed time, or it would be nscessary to inelude frac-

tions of years; rather, 1t 1s an enumeration or count of the number of

snnual figures to be included in the calculatlion of the moving cyclical

sverage. The preclze mid-date of the cyecle 1s not available 1n the table,
as the writer does not consider 1t to be of value for any Purposs other

than the graphical appllcation; 1f anothsr operator wlsheg, Ve mey, of

gcourse, make thisg informetlon preclse 1n the table. ¢\

AN average calculated for a cycle contalning but one oX two annual values,
isg not very reprezentative, and 1s but a poor gulde tol’the desired smooth-
ing line. Wo formal step was taken here to secursls more representative

figure, whieh might afford a better gulde, but 1nNhalf of these cases

such & step would be femsible. For a cycle betuden two "r" points, or a

cyele between two "f" polnts, one added annual{¥&lue could be included at

each end, and +the mnew mca could be plotted)” along with the flrst mea;

both could Le used as guides. But this qucedure i3 not sultable for a

evele bounded by two "p" points or by two't" points; in the one case,two

large values would be added, and the regulting average would be tco great

To serve as a good gulde; 1n the seconddcase, %the two small values added

would warp the average downward. N '

-

. e
WHEN all the mea polnts Hﬁ§“been plotted, Tenvauive oo _ ) =
polnts were inspscted, and ghe final SL B was drawn. At this ¢ . 3, the

various crlteris were revlewdsd: a running equality of areas inte. - pted,
smoothrness, etc.; and iM\#¥dditlon the new criterion of nearness .o the
mca polnts was conslderéd.” Care was exerclsed to go high enough at the
pesks in SL B and lowlénough at the troughs - that is to say, at points
of noticesble curvablpe the final SL B was caused to stay well out in the
convex divection Efiem the center of curvature. The chasrt and table were
kept 1n pencil £41% another final check, which became avallable when Chart
4 had been drawn} There, a new view could be obtained of the desired run-
ning squality of areas intercepted between the time polygon and the flnal
SL B. Finally, ths scecepted locatlon of 81 B was inked in as a solld line
with dotted ends. Annual valueg of SL B were read from the chart and en-
tered in the table {column 12).

ATTENTTION has been called to the faet that the terminal portlons of the
"p1nal" SL B are dotted, becauss of uncerteinty as to direction and curv-
ature. When forecasting is underteken, and a definite attitude toward
the future 1s assumed by the operator, thet sttitude will be reflected in
reforming the dotted end of 8L B. See, on Chart 6, how the dotted end
comes in for substantial modifleation. :

THE next stage of smoothing was then begun, in Table Cb and on Chart 3.
Through the fluctuations In SL B, tentative SL M was drewn, wlith care to
the eriteria of & running equallity of areas, and smoothness. The phase
points were marked on & horizontal llne near the bottom of the chart, the
mid-points of the c¢ycles on the next line below. The dates of the phase
polmts and of the mid-points of the cycles were read from the chart and
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thelr names were sntered in the table, each gt the proper level to 1ndlc-
ate 1ts date. Moving cyclical averages were calculsted, and plotted at
the mid-dates of the cycles., The second approximstion to SL M was drawn
through the meca points. : : '

IN Tsble Cec, this second approximation to 3L M was supmitted to a correc-
tion for curvature, involving a relteration of the mes calculation. The
necesgary data were taken from Table Cb, and glven the same colupn num-
bers; the correctlion for curvature was determlned; and the orliginal mca
values were edjusted.  Final 8L M was thén drawn on Chart 3, and 1ts
values entered in the last column of Table Cb, which column has been num-
bered 24 to indlcate that i% follows Table Cc.



‘Table Ca. SAN FRANCISCO REAL ESTATE ACTIVITY 1867 TO 1940
The First Stage of Smoothing: Locating SL B

"(columns numbered to correspond with Table B)

1 2(or 4) 5 & T 8 9 10 11 Y-
Year Number Phase Cyecle Ye=rly Figures Length Moving Smooth-
of Deedas Polnt Included Iin the Cyecle in Cyelleal 1ng
Begin Middle End Years Average Line B
1867 5556 ry {6000}
68  &724 (B600)
69. €908  p (5250)
1B7c 4677 f LosUN
71 k016 ry , 1868 1871 1874 7 4710 ,(Bgoo
72 3657 p, , 1869 1872 1875 7 u3g (O'ieso
73 3143 by £, 1870 1873 w76 7 3956 ) 3900
7h 385k, _ . '\ v 3650
75 k512 Dy - ™ 3350
76 3Buo RS 3150
5, , 1873 1876-77 188QY 8 3198
77T 3085 fp N\ © 2950
78 2610 : O 2850
79 2217 ¥, 5 1875 ;gvé" 1883 9 2883 2750
1880 2331 -ty Pp 3 1876\&??;}880 1884 g 2812 2700
8L 2277 ' f23 ;87\f 1881 1885 9 2789 2750
g2 2385 N2 - 2850
83 2687 w3 ;'“ﬁéﬁ 1881 . .1883 1886 6 2993 - 2950
'\\“'. 3100

8% 3874 Py L

85 3633 :.1135‘ vy, 1884 1885 | 1886 3 <3536 3450
86 3101\:>}%5 P34 1885 1886 1887 - 3 3911 - 3950
_ Ty .rs,u 1886 1886 1887 ‘ e 4050 _
87 4998 By t3,u 1836 1887 1886 3 L1488 1700
£y Ty g 1887 1888 1838 2 5182
88  B366 ty By 5 1888 1888 1889 o2 6051 5650
rg f4,5 1888 18B8-89 1889 2 6051
89 6736 Py t4,5 1889 1889 1890 2 6708 6550
fy 'r5,6 1889  1889-90 1890 2 6708
1890 &680 B Ps 6 18906 1890 1890 ; 6680 6900

(Teble Ca is continued on next pege)



Table Ca (continued) San Francisco Real Estate Activity

First Stage of Smoothing.

1 2(or %) 5 & .7 8 9 10 ‘11 1P

Year Rumber  Phase {yele Yeorly Flgures Length " mea S3LEB
of Deeds Polnt o gggigdedmigdgze Cygig . .
L8o1 6757 ;2 5 6 1890 1890-9i i8q1 2 6718 . gas0
92 4958 g ts 6 1890 18g2 1893 &4 5628 5250
6,7 1891 1892 . 189k % L&og
93 4117 tg P67 _1892 1893 T1895 4 3998 4270
gl 3lo4 T, f6’7 1892 1804 1896 5 3852 3500
95 3515 _ t6,7 1894 1895 | 1897 &4 3100  30R0
96 3267 Pr Ty g 1895 1896 1898 4 .\:{:‘_910 2800
97 2215 7 b, g 1896 1897 1898 3 . () 2709 2650
t _ ' P\
98 2645 rg f? 8 1897 18¢8 18’9.9}\ Y3 2834 2700
99 3053 g t7,8 1898 1899 {\}900 .3 2986 2950
. fy . ‘“S;;
1900 3259 tg  Tg g 1899 .19?.0 7 1901 3 352k 3550
Pg g 1899‘:.,’;11900-0_1 1902 - 4 © %098
01 4261 rg 5 g 190@ 1901 1902 3 4444. 4400
02 5813 By tg g L\IS0L 1502 1303 3 5480 5500
03 6365 £y I‘Q\;’\ 1902 1903 1904 3 6417 6800
. ok 7073 tg MPg' 10 ~ 1903 190k, 1905 3 7670 7900
I‘;Ld\“'fm . | |
0> 9572 \}’fo fg 1o 1993 1905 1907 5 8032 8300
06 8947 § tg 1 « 1904 1906 1908 5 - 8283 84s0
07 8?\0“ flo Fip,qp 1995 1907 1909 5 k23 8400
OE\W\‘[F-’F?'LB 10 Pio,11 1506 1908 1910 5 821k 8300
09 T9T2 Ty o 8150
1910 8528 flo’ll 1908 1810 _ 1glz & . 7996 Booo
11 816e P13 th,ll 1909 1911 1914 | 6 7572 7650
12 7900 rll,l? 1909 1912 1915 7 7281 7300
13 6702 11 ' 6900
o Plyqp 1911 1913-1% 1916 6 ' 6846
18 6171 6500
1915 5533 b1 Ti9,0p 1913 1915 1917 5 6194 6100

(Table Ca is concluded on next page)



Year

1916
17
18
19

| 1920
o
22
23
24

25
26

27
28
29

1930
31
32
33
34
35
36
37
38

39
1940

Table Ca (concluded)

alor 4) 5 6 7 3 9
Humber Phase C}cle Yearly Figures
of Deeda Polnt Included in the Cycle
; Begln Mlddle End
6610 2 t 1915 1916 191
_ P2 11,12 917
5952 f1n 12,13 1916 1917 1919
41818 t1p P1s 13 1917 1918 1920
7138 T3 f12.13 1918 1919 1920
t12,13 1918  1919-20 1921
9203 P13
f13 13,10 1920  l920-21 1922
9736 ti3 _
LI 1920 1922 1923
12519 Ty f13,l4 1921 1922 | 1923
t13,14 1922  1922-23 1923
1igho Py iy 15 lge2 1923 1924
f1y
15650 th p14,15 1923 1924 19%5
15 Q.
18282 Pi5 f14,15 1924 192?33:4 1926
16543 N
t14,15 1?2?%:;\926—27 1928
12960 5 T15,16 .}9%\ 1927 1930
10080 p15,;§§¥1926 1928 1931
Q47 Ew t15 x'\’w‘
&
\\k‘1'5,16 1928 1929-30 1932
8528 rlsl';\
‘..\~;
8548 \::(pf6 Yi5,16 1929 1931 1934
7139 f1g
5158 r16,17 1931 1933 1935
4368 t1g  Pg . 1932 193 1936
5839 f16,17 1933 1335 1937
7949 Y7 Ye g 193% 1936 - 1938
8701 Pyy
8190 : f17 1718 1936 1938 1939
1y '
8859
30658 rg

San Francisco Real Estate Activity

Eirst Stage of Smoothing,

10

Length

3

5

L I I N 1 |

= W o= =W

11 12
mea 3L B
6032 5850
6130 5850
6778 6200
7653 . 7300
772k
8800
10486 A
&
11600 \} -
1?3&3"12700
{8730
k370 14600
16291 - 16300
16825 16850
' 15600
14883
12785 13500
11162 11600
10000
Bgoz
8850
7193 7600
6500
6210 5400
6091 54800
6403 6300
7009 7150
8000
8Shas  {8800)
(9500}
(10350)



Table Cb. SAN FRANCISCO REAL ESTATE ACTIVITY

1867 TO 1940
The Second Stage of Smoothing: Locating SL M

{(columas numbered to correspond with Table B)

(Sce the Tables in Chapter V, for a more coqdeﬁsed arrangement)

1 12 13 © 1k 15 16 17 18 19 20 24
Year - 8L B Phase Cycls Yearly Flgures Seccnd Final
! - Point Included in the Cyecle g 5 mea Approx. 3L M
Begin Middle End E‘Dgﬂ to 3L M I(figie
1867  (6000) | | = ~ {%000) (4383)
68 (5600) ' , \(4000) (4000)
69  (5250) A {4000) (%000)
1870 4950 ;\5\"‘\ (4000) {%4000)
71 4600 _ (¥000}) (%000)
72 4250 £ - . \\ (4000) (%000)
73 3900 o | (4000) (%000)
T4 3650 \ (+000) (%000)
75 3350 R\ (4000) {%000)
76 3150 _ \.j{;’:‘ (L000) (%000)
77T 2950 M\”“J ' (4000) (%000)
78 2850 \'\"f"’ - ' (3000) (3000)
79 2750 O | (3050} (4000)
1880 2700 \\ "(8050) (4000)
81 2750 Qs“l ' ' {(4050) (4000)
82 28503" r,, 18712 1882 1892 21 K093 (4160') 5000
83 \3000 _ _ J{100 4010
84 3100 4150 4020
85 3450 4150 4030
8 3950 4200 Loko
87 4700wy 1200 4060
88 5650 _ _ 4200  hovs
89 6550 tl’z 1881 1889 1898 18 4186 4250'. 4100
1890 6900 py . 4250 4130

(Table Cb 1s continued on next page)



1
Year

1891
92
93
g4

95 .

96
97

s
99
1900
01
02
03
ok
05
06
07
08

09

1910
11

12
13
14
1915

"Table

12
SL B

6250
5250
4250
3500

3050
2800
2650

2700
2950
3550
4100
5500
6800
7900
8300

8450

8400
8300
8150
8000
7650
7300
6900
- 6500
6100

Cb (continued) San Francisco Real Estate Activity

Second Stage of Smoothing

13 14 15 16 17
Phase Cycle Yearly Flgures
Point Included in the Cycle

Begin Middle End

19

meca

Length %

T 5 1889 1894-95 1902 14 4i1h

7
S

20

Second
Approx.
to 3L M

X
Y
R

4300
5350
4400
4500
(4550)
N
1600
[IA

700

y 4800

p; , 1890  1897-98 1905 16 ;fg} (4875)

tE ’ K7,
"

S J

S

Y
e

196: h 1911 19 56AHT
rp Ty g 1893 '{%ge 9 9
\\ N’

Po R

Y% & 1808 1.908 1917 20 6475
f3 r5 3 1903 1911-12 1920 18 7375

pé'3 1506 1915 1925 20 4035
, .
(Table Cb iz concluded on next page)

k950
5050
5200
5350
5500
5650
5850
6050
6250
6500
6700
6950
7250
7600
(7750)
7900
8200
8500
8850

2k
Final
SL M
k160
4200
4250
4320

4410
4510
4630

4760
4900
5050
5210
5400
5590
5630
6000
6200
BUe0
6700
6980
7250
7580

7900
8200
8500
8900



Table Cb (concluded) San Francisco Real Estate Activity

Second Stage of Smoothing

1 12 13 14 15 16 17

18 19 20 24

Year 8L B TFhase Cycle Yearly Flgures 4 Second - Final

Point Included in the Cycle a  mea Approx 3L M
Begin  Middle End 5 to 3L M
1916 5850 8 9100 9230
17 5850 by | 9350 9520
18 6200 | : A 9600 9840
19 7300 . Oy 9900 10150

1920 8800 £, oy 192 1920 1928 17 }’@1@ 10100 10400
21 10500 ry . ' \\ ' | 10250 10670
22 12700 10450 10900
23 24600 e 10550 11070
2h 16300 _ 10650 11200
25 16800 1918 ;fg’é’s” 1933 16 10800 10800 11210
26 15600 “yd 10750 11160
27 13500 10700 11030
28 11600 20600 10880
29 11000 . | _ 10500 10710

_ \5‘34 1921 19é9-3o 1938 18 10369 (10425)

1930 8850 \§ o | 10350 10520
31 76;1@:\:.“" : 10250 10330
32 6?})03 (10100)(20170)
33 5900 (9950) (9990)
3% 5300 (9800) (9810)
35 6300 (9600) (9600)
36 7150 (9450) (9450)
37 8000 {(9250) (9250)
38 (8800) (9100} (9100)
39 {9500 (8900) (8g00)

1940 (10350 (8700) {(8700)
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DEEDS PER YEAR
20,000

115,000

10,000

A |

CHART 2. SAN FRANCISCO
REAL ESTATE ACTVITY,
1867 TO 1940

- AN
Annual Deta and the Pirst
Stage of Smoothing

Legend: The time Ppolygon represents
annual flgures. Tentative Smooth-
ing Line B, a dashed’) line, was
drawn by lnspection. ®hase points
and centers of cycles webPe marked,

- and moving cyclical averages. calcu-

lated (see Table Ca) and plotted
as the small x points. The7golid

curve, Final SL B, was then dr&wn. N\yﬁrﬁ
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CHAPTER 1IL

THE CYCLES

Section 1, CHARACTERISTICS OF THE CYCLES.

IT willi be recalled that to locste the smoothlng llnes 1s but the first
of three major tasks in studying time serles by the method of smoothing
by stages. The second objectlve is to corganize the Information concern-
ing the several orders of cycles. FPrior to this organizing, one can exam-
ine the historical record of each order of cycle; this 1z of course an
egsential and valuable step, But 1t 1s important to go beyond thls mere
viewlng of the cyele; the methed of smeoothing by stages makés 1t possible
to calculate standard measures of easch order of cycle. Armed with these
measures, one can furnish an extensive and meaningful dgderiptlon of the
time series, can compare the partlicular series with others, and can meke

& gystematic forecast. (Comparison and correlatlion\ol” series, and fore-
casting, will be treated briefly in Chapter IV.) ™)
| - | K
MEASURES OF THE ANNUAL CYCLE. PN\
. '\.

THE relatlionship of actual monthly oryguarterly data to SL 4, constltutes
the snnual cyele, The record of thig“ratleo 1s completely freed from all
elements of the short business cycl®, the major cycle, and the trend. The
standard pattern of this order offifluctuation is commonly calied the sea-
sonal pattern, or the four gUerterly (or twelve monthly) 1ndexes. The
seasonal pattern may be calcwylated from the record of the ratlios of ac-
tual to 8L A,in the same way that 1t is usually calculated from the ratios
to the moving average. Sub equently, as in that method, after the stand-
ard seasonsl pattern forthe entire record has besn determined,the record
may be broken into paphg, and ssparsate calculations 'made for the early

years and for the lape-years, in order to discoven changes In the sesson-
&l pattern. N\v

:§V'
OHE ‘may calgylﬁte the typleal date in the year at whilch the seasonsal pesk

cgeurs, thahnfpical date of the trough, the typicel "r" date, and the ty-
pical "f" gate. _ '

THE typlcal percentage devistion of gdctual from 3L A at the peak is an-

other useful measure; and the typical percentage devistlon of actusl from
2L A at the trough, a

FINALLY, the samplitude of the annual cycle may he calculated, that 1s,

Ehe.sta?dard deviatlon (sd) of the actusl values from 8L &, measured in
er cent.

WITH thess messures, one can draw the annusl cycle &3 1t ‘would appear in
the typical or ususl yesr, and can compare it with similsar typilcal annual

cyeles calculated for other zeries, {Fo such analysis of the snnual cy-
cle 1s offered among the. illustrations in this book. ) :



o,
ey

65

Gy
LA
€

MEASURES OF THE SHORT BUSINESS CYCLE.

THE 7relationship of actual annual data (or of SL A) to 8L B, will glve
the movement which is called %The short business c¢ycle. By the smoothing
process by which SL A was locsted,the ratlo of 3L A to 8L B hes bheen com-—
pletely freed from shorter perlod impulses, which have been taken into
the annual cycle. It 1s s&lsc freed from the major cycle and all longer
movaments, for these are deferred to later stages of the analysis; these
long movements are present both 1in the scetual snnusl dstsa and 3L B (or in
SL & sncé 1n 8L B), snd they consequently do not appear In the relation-
ship between those two lines (they cancel out in the numerator snd denom-
inator of the ratloc amnual dats p SL A)

SL B SL B

THE amplitude or standard devistlon (sd) may be calculated.

SEVERAL tims-lengths will aid one to construct the typleal e¥cle of this
order; the four typleal phese lengths, pf, ft, tr, and rp; and'alsc thelir
sum, the typical over-sll length of the short business cyols. Tabls Db
will zhow an arrangement for this caleulation; it may(be seen also In
Table E and on Charts 4 and 5. A )

p Y

.‘\' "
SL A anpnual data)
THE typleal percentage ratlo of BL B (or —v SL B at the peak, and the
typical percentage ratio at the trough may bq,ﬂbund by slmple averaging.
"\

X 3
"

WITH these sténdard measures of the shért business cyels, one can draw
thet cycle (Chart 5), end can make a fodPcast (Chart 6). '

™
3

MEASURES OF THE MAJOR CYCLE.
, £

THE relaticonship of 8L B %o gﬁ?m wlll give the hlstory of the major cycle.
From that history, standard{(measures of the major ¢ycle may be determined:
the amplitude or standerd’deviatlon {sd), %the +typleal ratics of 3L B to
SL M at the peak and at,klie trough, the typlcal length of the cycle as a
whole, and the typicaislength of each of the four phases. The calculatlon
15 srranged in Tabla)De.

T,
e

AGAIN, &3 1n phé:éﬁnual cycle and the short business cycle, this informa-
. tion enables the operator to draw and to describe the major cycle, and %o
use i1tsg shape in s forecast. :

FURTHER 1ines of =tudy may be suggested:

£) The study of the history of each order of cycle may be car-
vied forward by differences, Instesd of by ratlcos.The meth-
od of differences is recommended if some of the values ap-
proach zero, and it 1s requlred 1f they pass lInto negstive
values - as would be the cese 1in a study of gold movements
into & sountry, snd of other lncremental varlables.

b) In analyzing each order of cycle, the student may be lnter-
ested not merely to determine the typical value of each mes-
sure, but to examine the full range or distribution of the
values of that measure.He mey be concerned to discover sys-
‘temstbic changes 1ln that messure wlth the passage of time --
or during perticular phases of & longer movement than thls
particu;ar cycle. (Bee W. C. Mitchell, Business Oycles ,chap-
ter 3, on the contribution of statistics.] For exemple he




Table Da. Arrangement f:or the Calculation of the
Standard Measures of the Seasonal or

Annual Cycle

' 2 3 ' 4
! : tation
Percentage ratic Pevlation of Dev
]Eate 8cl::r.‘c.um : ratio from 1Q0% squared
quarter 100 x =R (in %) ‘
or month) Sl :
{in %)

5. From the sum of the figures in column 4, palculate sd, the smplitude

L2
of the fluctuatlon:  ad= _‘i_éd_L

6. From column 2, calculate the seasonsl ihdexses: - O\
. A
(\D
Ratlo, datum to 5L A O -
Ql QE . . Q.3 ‘:s‘ QL;
- )
1920 RENE: SRR SR AEPETOR
A
1921 e N .
1922 N\ PP
et e O e e
Average ratio - . ﬁ:% AU S TR

Adjust to bring the té‘tal of these four aversge ratlos
to 400%, and so get“bhe seasonal 1ndexes.

7. Calculate the typleal da.ﬁe\in the yoar for each phase polint. Take in-
formation from & chart Llfke Chert 2. Poagibly smooth monthly dats -
first, by a 3-month MQwing average. -

»
N/

.,’\'} Time, measured from January 1
O D £ r ot
1520 . e eeans e eeaes .
QO
”\ 1923 _ REPRRE beena awans
\\:" 1922 _ L e el

ete. tenaa

Typical or aversage ]
date in the year ..., [

N

8. Caleulste the typleal percentage deviation of actual from SL A, at
peak and at trough. : :

Deviation of actuasl from SL A

at peak a8t trough
1920 - . % e %
921 . e e
1922 drerae s
ete. seanas e eaaas
Typleal or

average deviation ‘%

L '00% R E]
at peak = at trou



Table Db. Arrangement for the Calculation of the

Standard Measures of the Short Business Cycle

L 2 3 4
‘Date Percentage Ratio Deviation Deviation
(Year or of Ratio squared
Quarter) 100 x datum, or from 100%

: 8. B {in %)
100 = 3L A
SL B

(corresponds to
column 25 In
the cycle tables
in Chapter V) .
From the sum of the figures in column %, calculate a4, th@\amplitude

{corresponds to (corresponds
column 26 to column 27
in Chapter V) in Chapter V)

. o2 ¢
of the fluctuation:  sa=7) _Z(d) ©
n £ )

L 3

(Hﬂre g step must be omitted, that appeared as Npﬁ'é in Teble Da, the
first order analysis.) KV '

Calculate the typlecal lenghth of each phase or duarter_of the short
business cycle. {corresponds to step 28 dmvthe cyecle tables in
Chapter V) : N\

Length oﬁ‘ﬁhaae in years and fractions

Phase or Quarter pf 'ffy’ft tr TP

First eycle ' .gw.yrs. e yPES. ....¥PS. . ...FTE,
&
a ¢ le . re I
3econ ¥y ’\b'
Third cycle .j:: .
NGO
etec. N

Typical oL\
aver&ge;}pﬁgth N 5 of - SRR FrS. ... FPS. ... FTEN

The sum aﬁj%ﬁése four typleal phase lengths ig the over-all length of
the typicel short business cycle. :

Caleulate the typical percentage deviatlion of 8L A from 8L B, at the
pegk and st the trough. (corresponds to steDd 29 in the cycle tableq

in Chapter V)

Deviation Deviatlion
at peak - at trough
First cycle Y 2 %
Second cycle e PR
Third cycle P, creesy s
ete.

Typical or .
average devistion —  .eeeeee g e %



Table Dc. Arrangement for the Calculation of the
Standard Measures of the Major Cycle

(Note that the details here are almost the same &s those In
Table Db, save that here the attentlon 13 on the ratio of
8L B to 8L M, and the values are pregumed to be listed st
annual intervals.)

1 2 3 )
Yegr Percentage Ratio Deviation . beviation
100 x 5L B of Ratio squared
SL M from 100%
{in %)
(corresponds to (corresponds {corresponds
column 30 1in the to column 31 to column 32
cycle tables in in Chapter V) in Chapter V)
Chapter V) :
5. From the sum of the figures in column I, ecaleculate ad) the smplitude
. E 2 o’\:\
of the fluctuation: 2d= _H__ég_l_ : O

(Hers, as 1n Table Db, a step must be-omittgd)k

(4
7. Caleulate the typical length of each phas§>or quarter of the major

cycle. (corresponds to step 33 1n the c¢yele tables in Chapter v)

K7\
. ‘H>f’
Length of phasé)n years and fractions
Phase or Quarter  pf "(Efi tr 1P
First cycle R+ - DA, - - NP yrs. c...yTS .
Second cyecle ,gﬁ§ | .
&
Third cycle .‘>\.. .
ete. 5‘3'

Typical on ()" |
aversge leémgth NP2 of - N 2% T

NS

.. Jrs. ce - TS,

AN :
The( syt of these four typical phase lengths is the over-all length of
the ¥yplcal major cycle. ' ' :

8, Calculste the typical percentage deviatlon of 8L B from SL. M at the

peak and at the trough. (corresponds to step 3% in th
in Chapter V) ; p 34 in the cycle tables

Deviation Deviation
. at peak _ at trough
First eycle ..., % %

Second cycle

-----
-------

Third cycle

-y
.......

etc.

Typlcal or aversge deviation
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may study the seasonsl pattern during major booms, OoOT the
short business cycles during major depressions.

FXPLANATION OF A USE OF STRAIGHT LINES: I

ON Chart 2, the sctual annual data were plotted; those values are dis-
erote {not continuous). They were then connected by straight lines to
form a time polygon; but those straight lines have no important theoretl-
eal mianﬁng; they serve merely as connecting 1inka.0n Chart 4, the ratios
actus
of “BL B have been plotted for every year. To be mathematically consls-
tent with the straight lines connscting the data on Chart 2, these polnts
on. Chﬁrt'% should be connected by segments of curves, whereas they too
have Been connected by straight lines. But these annual ratlos are dls-
crete slso, and the straight lines connecting them to form the time poly-
gon have no important theoretical meaning. Moreover, the curvature (if
drawn) in the short segmentary llnes would not be sharp---on _the whole
they would be nearly indlstinguishsble from strailght lines, snd\the work
would be laboriocus, .
"N

Section 2. SAN FRANCISCO REAL ESTATE ACTIVITY, 1867 TO, 4930

Analysis of Two Orders of Cycles - . (a discussion of Ta*b}e E and Chart 4)

THE percentage ratlo of the actual number oﬂ~§§éds in each year to the
100 x_data O :

corresponding value of 3L B, 3L B , lg"entered in Table Es end plot-

ted on Chart 4. These ratios show the higtory of the short business cycle.

Similgrly, in Table Eb, and on Chart hyfﬁhére will be -seen the history of

200 x BL B
the major cycle as shown by the ragios” BLM ( the multipller 100 1s
introduced to transform the simplg;ratio to & percentage ratio). '

)
& |

IT will be seen that'in eapn:stage, the terminal half-cycle has been omit-
ted from this part of theNgtudy. This 1= because the smoothing line in
the terminal half-cycleszhas not a firmly established value, hence tho=e
uncertain ratios may Jot properly be used In determining the standard mea-
aures of the cycleagkv'

A )

THE calculatloﬁ\b? sd, the amplitude of the cycle, needs no description.

THE time lengths of the successive phases were read from Chart 2, for the
ecaleulations in Mable Es; and from Chart 3, for the calecunlatlons in Table
Eb. They are averaged in simple fashion.

THE percentags deviations at peak and at trough were taken from the 1list-
ings in Tahles Es and Eb respectively.

.SURPRISINGLY, in thils partlcular gerles, the average or typleal deviastion
from 81 B st the peak (and that at the trough) of the short cycle,is lesg
than the standard deviation of 211 the dats about SL B. Thils 1s due to &
difference in thes two metheds of calculation. The sd 1s calculated by
squaring all the deviations hefore striking an average; the few extreme
devistlons exert a great Influence on the result. ©On the other hand, the
typieal peak (and trough} are calculated by avera ing the first Dpowers
of the deviatlons at the several pesks (or troughs%} the few extreme c¢y-
cles here sxert less Influence.



Yesr Percentage Deviatlion Deviation

1871
7
73
Th
75
76

7.

78
79
1880
81
82
- 83
84
85
86
87
88
89
1890
a1
92
93
o4
85
96
a7
98
a9
1900
01
g2
03
1904

Ratic
100 actusal
SL B
87 -13
86 -14
8o -20
106 + &
136 +36
122 +22
105 k5
92 -8
81 -1g9
86 -14
.83 -17
8L -16
90' -10
125 +25
105 + 5
79 -2
106 +6
95 -5
103 +3
o7 - 34
108 ;
Y
o} ',§>~: 6
97.:".\ -3
\ ’
&'l -3
\\115 +15
117 +17
B4 -16
98 -2
163 + 3
9z -8
97 -3
106 e
a4 -6
90 -1

Squared

169
196
400
36
1296
L8y
25
64
361
196
289
256
100
625

225
289
256

36
100

Year Psreentage Deviation 4

1505
06
o7
08
0g

1910
11

1930
31
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35
36

1937

ad=

Tsble Esa is concluded on. next pags

Rstlo
115 +15 205
106 + 6 3€E
98 - 3
89 -11 121
98 -2 k.
107 7 49
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\loz w2 "
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96 -4 16
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96 -4 16
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24 -5 36
96 -} 16
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11i' +212 121
109 +9 81
Z(a®) = Bo2k
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Table Ea (concluded) San Francisco Real Estate Activity

Time Lengths of the Phases or Quarters of the Cycle of Actual Annual
Figures about SL B - the Short Business Cycle. Read from Chart 2.

Cycle ©  Lengths in Years
Number rep pf : ft tr
1 1.4 yo 0.8 yr 3.0 yrs 1.5 yr
2 0.9 1.7 3.5 2.9
3 0.9 0.9 0.9 0.7
4 0.5 0.5 0.5 0.5 A\
5 0.4 0.3 0.6 0.5
6 0.4 0.7 1.6 1
7 1.4 © 0.8 0.5 N
8 0.7 0.5 0.7 ML 1
9 0.9 0.6 1.2 N 0Lk
10 0.9 2.0 1.0 O 0.9
11 1.8 2.1 1.8 0.8
iz 0.8 0.9 0. ANY 1.2
13 0.9 0.5 QD 1.0
1h 1.1 0.5 A 0.1
15 0.9 1.5 ~e.2 1.3
16 1.1 0.8 1.7 1.7
17 1.1 0.9 0.7 1.5
Average "
Lengths 0.9 yr 0.9y 1.3 yr 1.1 yr
Total length of &‘pyiical cycle 4.2 yrs.
\\‘,/
Percentage Deviationshef Actuel from 3L B at Peaks and Troughs
_ A
NV
AV
g§>
At Pedic - At Trough
Year N/ Deviation Year Deviastion
1873 20%
1875 36% 80 1k
84 ' 25 86 21
87 . 6 28 5
89 3 90 3
91 8 a3 6
96 17 97 6
.99 3 1900 8
1902 6 04 8
05 15 08 11
11 7 15 9
14 13 18 22
20 5 21 7
23 2 24 ]
25 8 29 5
31 12 1934 26
1937 9
Aversge

Deviation . 10.9% at pesk 10.9% st taough



¥ear Porosntage Dw;stion Deviation Table Eb. SAN FRANCISCO REAL ESTATE ACTIVITY

Ratlo Aquared .
109.58L B Caloulation of Scendard Measuzes of the Major Cycle, frexn the Record 1867 re 1940;
1883 758 - -25 625 e smmplicude or scandard devin
84 7 -3 529 mwmmﬁsﬂﬁephmormﬁﬁeqde;
] 85 -14 196
the typical ordinates at peak apd & rrough
a6 g8 -2 4 .
87 116 +16 256
83 139 +39 1521
89 160 +64 3600
1890 147 +67 489
g1 150 50 2500 .
g2 125 +25 625
93 100 a a
ol 81 -19 361
35 &9 -31 961
96 o] -38 pLEA
o7 57 -43 1849 . N\
o1 5T -473 1849 A
Time Lengthd of the Pheses or Qm.té;-s of the Msjor Cycle -
a9 B0 Ao 1600 ths eyele of SL B sbout SL M.,«Read”from Chart 3.
1900 70 -30 800 W
. AN\
o1 3k -16 256 AN @
02 1o® + 2 I m'\ &
N 3
o3 l=2 +22 w8y Gyole A/ Tepgthe in Yerss ot
o 139 +33 1521 1 L0899 yra. 6.0 yre. 3.2 yrs 2.5 yra.
B # .\
as 138 +38 pESTS s \\, 5.3 4.0 3.8 5.2
of 136 +36 1296 AN 5.8 3.4 4.3 4.0
aT 130 30 900 4 ‘JI‘: 4.1 .2 '
. o\ 5
W \Wverage K
a8 124 eu 576 v:s"’%l.an.gths &.0 yrz. 4.7 yrs. 3.6 gra.  L.2 yra.
by 117 - 17 289 N
L N1 .
1910 10 +14 wo NS Total lemgth of & typloal cyele, 18.5 yra.
11 101, ! 14\
~\
12, g2 - 8 £
13 a4 ~-16 \%6 _
13 Th -k ) 576
15 68 -3\ 102
16 63 "\t-'ﬁx”' 1369
17 6 \*..;-38 1%
18 &3 ) ;\\ -37 1369
1 N o8 - gy .
» B T _
1920 \\83 -15 2e5
21 VYoi - b
22 L6 ¥16 256 Percentage Deviations of BL B from 5L M 4t Pamks snd Troughs
23 131 ¥3l 961
ak 146 w45 2116 . ‘
25 150 *50 2500 .
- At Pesk At. Trough
26 1406 +40 1600 . Tear ~ Deviation TYear Tevistion.
a7 129 +28 484 1890 ‘ &7% 1897-98 43%
28 107 +7 4y 1904 39 1917 38
29 93 -7 Lo 1925 : &0

at trough

19340 Bk ~16 256 Average
: £{a?) = 5‘55‘2'5 Devlatlon 51.7% . 40.5%
ad= ||’ Eégg_ = 30.88 &t posk



In Tsble E{s), the standard measures of the short business cycle are cal-
culsted; they glve a reasonably complete plcture of the typical cycle of
that order. To illustrate thelr use, that typleal cycle 1s constructed,
through several recurrences, on Chart 4; they are employed ln more resl-
istic fashion on Chart 5, to project the short business cycle into the fu-
ture as a fluctuation ebout the curving projscted line of 3L B.

IN Teble E{b), the standard measures of the major cycle are calculated.
They are used similarly on Charts 4 and 5, to describe fthis element in
the time series, and to forecast.

SAN FRANCISCO REAL ESTATE ACTIVITY
Comparison of the Two Orders of Fluctuation _(Tablc E, parts a and b, and Chart 4)

It will be noted that for this real eostate serles the amplitude of the
short business cycle is slight, as the standard deviation (sd) 1= only
11.5%, whereas the amplitude of the major cycle 1l thres times as great.
This presents & very significsnt finding to men engaged in\the real es-
tste businegs. The short business cycle has little effect upon thell
activity and their earnings, but 1n the major cycley &fter these men
have flourished during several years of boom activityy and the down-turn
has come, it will 1likely be at least ten years be§q§e’activity'1s-resumé
ed in real estate. During those years, their ina¢tlvity may be disast-
rous. \

D

’“>j



PERCENTAGE RATIO: LOWER ORDER TO HIGHER ORDER LINE

180

~ CHART 4. SAN FRANCISCO REAL. ESTATE ACTIVITY

80T \ ©** CYCLES BASED ON THE RECORD 1867 TO 1940
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CHART 5.
SAN FRANCISCO REAL ESTATE ACTIVITY

Standard or Typleal Cycles, Constructed
from the Standard Measures of the two
Orders of Cycles, ss Calculated from the
Record 1867 to 1940,

PERCENTAGE RATIO®
LOWER ORDER TO-
HIGHER ORDER CURVE
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N
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TIME SCALE O 10 YEARS 20 YEARS 30 YEARS 40 YEARS 50 YEARS
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(from the date of the first = phase polnt)

Legend: Tn the 1left margln, the two
marks sabove and below ‘the 100% 1line,
lebeled sdm, show The smplitude of the
major cycle, 30.8%. The marks labeled
sdb show the amplitude of the short
business cyele, 11.5%.



CHAPTER IV.

APPLICATION TO CORRELATION AND FORECASTING

Section 1. THE COMPARISON OF TIME SERIES: CORRELATION

FOR time geries that have been broken into thelr elements by fitting s
mathematicsal trend, calculeting normal, and then measuring deviations,
the procedure of comparing two or more serles has been standardlided. One
calculates the ratios of sctusl to normsl, and from these ratics the
Pearsonian ceoefficlent of correlation of the cyclical movements. This
procedure has been challenged by critics who contend that time series do
not afford the underlying independence of obhservations and random dis-
tribution of forces which are necessary conditlons to the Rearsonian cal-
culatlion of correlastlion. Whether or not one rejects the ebrrelation cali-
culatioh, 1t would secem ressonable to Insist that the pﬁgrator supply an
extensive verbal comparlson of the charscteristics of-%he two series.

N

NS
7 %4

THI3 verbal comparison can be expanded richly ug@er the method of smeoth-
- ing by stages. The compsrison may now be orgamiwed to include the shape
of the trend, the standard measures of each oxl&r of cycle, and all sig-
nificant dates in the several smoothing lngs.

7
S

IN additlon to the verbal compsrison, & humerical coefficient of correl-
ation may be separately calculsted f£ir each order of eycle - for whatever
these coefficlents are worth. The(significant novelty sheculd be noted,
that more than one coefficient qanfbe secured. (Because of the fixed pe-
riod, it would not bhe sultable 4 calculate the third correlation, that
for the annual cycle, the sesgenal movement).

o\

3

THE shert business cycl§§§\of the two series may be submitted to the
Pearsonlan cslculastlonf $o secure the coefficlent of correlation, and
lag. This relatlonship between the short business cycle movements should
2lso be studled Ip'a’ theoretical (not merely statistical) fashion. It
may be concluded y~for example, that, in the short movement ,the size of

the wheat crop.ﬁgs'a causal relation to the price of wheat.

N,

THE majo?oqyﬁle may be studied separately, the coefficlent of correla-
tion celcylated, lag dstermined, and economic theory agaln enlisted. It
may be concluded, for this long movement, that the price of wheat over
a pericd of years has a causal relation to the acreags planted,and con-

sequently to the size of the wheat crop, reversing the causal relation-
ship in the short cycle. . ’

Section 2. FORECASTING.

THE analysis of time serles by smoothing by stages gives an orgenized
set of measurements which make po

8s8ible an improvement in the Procedure
g{ forecasting, from the sccustomed forward projection of the normal
ne,

ASBUME that su M 1s the final smoothing line you have been able to draw
-- the nearest approach to fthe underlying seculsr trend. Proceed by
these steps: (1) Continue the trend, SI M, forward, in its recent slope
and curvature, as on Chart 6. {2) About that projected trend as & base,
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carry forward the typicasl shape of the mejor cycle, Jjolning this sin-
uous forecastlng line to SL B. Probably one full cycle 1s as far &3 one
ghould presume teo carry thiz pertion of the forecast -- bhecauae values
that lie meny years 1ln the future are highly uncertaln end Indeteormin-
ate. {3) About this second forecasting line, the projection of 3L B,
carry forward the typlcal shape of the next shorter cycle, the short bus-
iness cyele, Joining this third, and even more ginmaous forecasting 1line
to 8L A, " again proceeding no more than one full cycle -- likely about
three or four yesrs. (%) Superpose upon the forecasting line SL A, last
arawn, the standard seesonsl pattern,: connecting this fourth and final
forecasting line with the time polygon of the actual 'quarterly dsta. Im .
utilizing the standard measures of this seasonal cycle, because of the
constant period and the moderate uniformity in shape, one msy dare to
project several cycles into the future -- say the full distance to the
end of forscasting line SL, A, (This fourth step, the geasonal elabora-
tion, ls omitted on Chart 6).

EACH of the forecasting lines may be regarded as clearly defined at near
dastes, but as growing less distinect in vertical posltion oOT ordlnaste as
it proceeds farther into the future. As one conslders mors and more dles-
tent future dates, he should glve less attention to the more sinpous fore-
casting lines, those containing the seasonal and shortﬁcyclggmovements,
and more o the basic lines -- end finally, after 12 or 1lH~gears, to the
"trend," SL M, alone. Oy

7%

ON comparing forecasting by the method of successive;émbothings, with the
methed of sxtending the neormsl line, 1t will be sesd that in both metheds
one mechanleally cerries forward regular movements »that . have heen dls-
covered in the past record of the variable. B¢ ras haes bheen polnted out
in the Preface, ne mechanical procedure can give a complete and adeguate
forecagt, for 1t cannet make sllowance for anYexpectatlon of change from
the old pattern. The mechanical projectiom\ el & curve.or a set of curves
into the future, should, thersfore, be improved by making allcéwances for
guch expectstion of change; the mechandedlly determlned curves should be
altered or bent to conferm to a reasonable expectatlon of change. (This
subject, the consideration of a depa¥ture from the mechanleal forward pro-
jeeting of* a set of standard pattgﬁps, is discussed agsain below, 1n con-

nection with Chart 6). N\

N\

SAN FRANCISCO REAL ESTATBACTIVITY; A FORECAST

A
Based on the record 1867 m\l%o (2 discussion to accompany Chart 6)
O

THE record of Sap Feanclsco real estate actlvity from 1867 to 1940, has
been studiled frém Bnoual data, wilthout a gegsonal anslysls. The forecast,
below, has been prepared with the game omission of monthly detall; this
is in order +to save elaporation. But in any practical case, where busi-
ness or government declgion rests on the findings, 1t is likely that the
more elaborate calculstion will be made, and the seasonalelement inclu-

ded 1n the forecast.

GIVEN the originsl tlme gerles; given the two smoothing lines 8L B and
SL M, from Table ¢ and Charts 2 and 3; glven the stapderd measures of the
two orders of cycles, from Table E and Chart 5. Chart 6 is constructed as
will be described (though without here presenting the full figures - the
resder may care to fill In the work teble that must accompany and dlrect

this construction).

THE last thirty yesrs of Charts 2 snd 3 (1910 to 1940) were copled to
Chart 6, that is, the original dats, the final locatlon of SL B, Includ-
ing the dotted end portlon, and the final location of SL M.

(T
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81, M was projected ilnto the future,wlith consideration to 1tz recent slope
and curvature, and yet with what seemed & pegsonable forecast of real es-
tate activity in the community. When this had been dons, 1t was found
that the steeply declining dotted end of SL M that had bheen copled from
Chart 3, did not offer a suitable joinlng with the new forecasting line;
consequently, the dotted portion of the line was rejected; 1t had ‘Theen
only tentative 1n the firat lnstance. '

THE following steps were taken in order to apply the typlcal form of the
msjor c¢yecle as a fluctustion ebout the extension of SL M, thersby to se-
cure a forecasting extension of SL B: tentatively, the date of the inter-
gsoctlon of the dotted end of 8L B with the relocated e¢xtension. of 3L M
was accepted as a date from which to draw the major e¢ycle. This polnt was
takern as an approximation teo ry in the major cycle. The standard phase

lengths of the major c¢ycle are: rp 3.6 years, pf 4.2 e&rs; ft 6.0 years,
and tr 4.7 years; total length of the typleal cycle 18.5 years. These dis-
tances were lald out from ra. “At the T and r dates, the values of BL M

were taken to be the same as those of 8L B, for thege sare polnts where
the two curves are expected to inftersect. At peok datesg the value of
8L M was multiplied by 1.517, +to determine the expegted value of BL B;
and at troughs, the value of 8L M wss multiplied by 0,59% (for the sver-
age deviation of 3L B from SL M st the peak had begn‘determlned %o be
4 51.7%, end at the trough - 40.5%). But when tenbtative SL B had been

sketched, from the approxlimation to ry, through these phase points,ilt was

found that the dotted end of SL B did not make @ good joining with 1t. So
the joining of +the sinuous forecasting 1ihg with the solid portion of
SI. B wag mede to éonform te  the ocriterion\\\of gentle curvature; this -
caused the rejsctlon of the dotted end, which of courae had been but ten-
tatlve anyhow; and thls gave the flnal.dgotation of the  intersectlon ry.

From this new base point in time, tha‘nécessary corrections were made in
laying ocut the time lengths te the \filture phase polnts; the values of
3L M 8%t these phase polnts were uged tc recaleulate the wvalues of 3L B

{equal values at points r and fpimltiplied by the factors above indicat-
ed, at points p and t). N\ '

-\

TO review what has beeg\ﬁbne g0 far, this lorscasting extension of 3L B
1= based upon: \J

AS .

(1) A somewnat) subjective Projectlon of SL M, which conforms
to thesgenersl instruction that the forecasting trend line
shouldv“project the trend into the fubture "at the recent
slope’ and curvature”.

,\fQN .

(2)The formal application of the typicsl shape of the major
eycle, ag a fluctustlon about the projection of SL M.
Even the second gulde, the standard form of the major
cycle, might have been dubjected to modification, on ths
basis of well-informed criftical Judgment -- again an in-
troduction of the subjective elemént. The operator is
under no necessity to accept without change the "typlcal”
ordinates at p and &t t. He may choose to question the
repregentativeness, Iln the original time ssries, of the
boom pericd of the 1820's. It followed the opening of
the Panems Canal, the victorious end of the First World
War, and & great westward migration; and 1t preceded the

. bulldlng of the two great San Francisco bridges, to 0ak-
land and to Marin County, which in the future may méve
real estate activity away from San Francisco, the urban

center proper. Probebly, future booms will not be so
extreme as that of the 1920's, wlthin the present limits
of Ban Francisco. But no such subjective modification of
the major cycle was made on Chart 6; the "typical" form
of the major cyele was used.
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(3) The final step in the forecast was to draw the typical
fluctuation of the annual date sbout the forecasting ex-
tention of 8L B. For this purpose, the date of fl7 was

sccepted from Chart 2 and Table C as the base from which

to messure, and the cycles and phases of the future short
business cycles were meassured from that base. The stand-
ard phase lengths of the short buslness cycle are: T,

0.9 year; pf, 0.9; ft, 1.3; tr, 1.1, total length of the

typical cycle, 4.2 years. The t¥prlcal ratio of actual to
to SL B at the peak is 110.9 per cent; at the trough,89.1
per cent.

THE "expected" annusl count of deeds for the trough in 1939 was not plot-
ted; nor was Tjg, 1n 1940, made use of on the chart. Instead, the latest

avallsble sctusl count, that. for 1940, wasg connected to the next project-
ed or forecasting phase polnt, plég_in 1941, and the forecasting line was

carried forward to the succeedlng forecasting phase polnts. A curved line
vas used instead of straight lines for connecting the future phasg polnts
{stralght lines would not be helpful, as the phdse polnts do _ﬁbt fall
preclsely at mid-year dates, which would represent calendar egars). This
surved line may be thought of as a forecasting extension of SE”A} because
1t substitutes a curve for the tlume polygon which would connect dlscrete
annusl figures. £

. L S
THE forecasting system of lines 1= not complete, begause the seasonal el-
sboratlon has been omitted. For such &pp ication on completion, the val-
ves of the forecasting extension of 8L A wbulqsﬁé'read from Chart 6 st
monthly or Quarterly intervals, sand would boymrltipiied by the seasonal

indexes.

TR

THE whole forecasting system, the set OF forecasting lines, 1is largely

mechanical, thougnh the discussion has_ showed that personal judgment has

heen used 1n drawing SL M, and mightdwell have been used again 1n alter-
ing the "typlcal” form of the mejopseyele (in drawing SL B to fluctuate

about SL M)}. Pevscnsl judgment wight even lead one to modify the stand-

ard measures of the short busines cycle (in drawing SL A},

A
THE whole forecast in the/ggse of this real ostate serlies or of any other
varisble must be in somgzﬁbubt, hecsuse of the probable lack of homogen-
eity of forces acting 4n* the future wlth those acting in the past. One
cannot expect the fubure to be 1ike the past. in such matters as war and
‘peace, as the Z¢hing of city lands, tax rates, the loan policies of
Tederal and other &gencies, such matters as the new { and financially ir-
responsible?) class of home owners that have peen tempted into the fleld
by recent federal policies of low interest rates .and small down payments,
and such as forelgn trade practices, which are so lmportant to thls port

clity.



CHART 6. |
SAN FRANCISCO REAL ESTATE ACTIVITY |

A FORECAST TO 1960, BASED ON THE RECORD 1867 TO 1940
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CHAPTER V.

ANALYSIS OF SEVEN SERIES

T0 demonstrate the method of smcothing by stages, seven serles will now
be exmmlned; full tables of calculstions and work charts wlll be present-
ed. These series have been selected from s number sxamined by Simon 3.
Xuznets in Secular Movements In Production and Frices. (1)

IK each of the seven analyses, SL B and SL M are located, wlth correction
for curvature; and the standard messures of the two orders of cycles are
calculated. Then, to facilitate direct comparlson with Kuznets, one of
my standsrd measures, the amplitude or standard deviation, 1s recalcula-
ted for the ssme limited peried as his figures cover. This cofparison
cannot be msde perfect, however, for in the method of smoothing, by stages
1t 1s the practice to omlt the first ard last helf-cycie from\the calcu-
lation of the smplitude, whereas EKuznets' figures feor the (Ftil periled
are used. A\

K

. \',
KUZNETS began his snalysls of each serles by filttinga/trend - a loglstic
cunve for each of the six quantlty series, and a  pérabola for the price
series; the values of the trend he entered in the“second column of the
table in his book. The ratlo of actual to Syend, he entered in column
III: this we shall call the composite cycle. Hevsmoothed 1t by moving av-
erages salted with subjective judgument, thug gaining a representation of
the major oycle; he entered the velue in geltmn IV. Tn column V, he en-
tered the ratio of celumm III o columm(IV; this is his short business
cycle. The present writer divided column I (actusl anpual values) by
column V, to secure what he takes the\liberty of calling "Kuznets' 1lnter-
mediate trend," an equivslent of Smegthing Line B.
#8 3

w\J

KUZNETS' filgures are not here,ﬁeproduced. The five cclumns may be found
in the tesbles in his book, shd’ the sixth set of figures may bse recalcula-
ted in & fow moments by =zlmple division. But the resulis are here presen
ted in charts, the equathons of the trend lines are reported, and the am-~
"plitudes of the two ordgrs of cycles {as calculated from Kuznets' flgures
by the present writerj: Some textual comparisons and notes will also be
found. AN .

e &
\ W

IT w11l be seen that in the present study, the =even serles have been
brought to & more recent date than 1925, which is the laat year reported
by Kuznets. It is hoped that no unjust comparison has Dbeen made with
Kuznets' pesults merely on this basis of later information.

IN general, the method of smoothing by stages glves a smaller value for
the standard desviation or amplitude of each order of cyecle than does Kuz-
nets' method; this statement is particularly true for the major cycle.But
it 1= not clear how much eredlt should be claimed for the new method mere-
ly because 1t excels In the closeness of the it of the trend line. The
superiority in closeness of fit 1a to be sxpected from an emplrical meth-
od which from the beginning sets out to follow the date. However,the fact
of the smaller value of the standard devistion is of sufflclent interest

to warrant reporting.

(1) Boston, Houghton Mifflin, 1930.
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FOR each serles, not only may the trends be sesn on the c¢herta, but also
the shape of the trend secured by Kuznets 1s verbally compared wlth the
shape of SL M secured by the method of smoothing by stages.The reader may
care to refer back to the Preface, to the dispussion of the underlying
forces affecting time geries, and of the appropriate shapes and types of
trends.

KUZNETS was testing his hypotnesis that industrial production and agricul-
tural output can best be fitted by an S-shaped curve of the loglstiec type.
The present study, in which trend lines asre fitted by a whelly emplirical

method, substantlates Kuznets! thesis; for the smoothing lines 3o secured

agree remarkahly closely with his loglstlc trend lines.The agresment does

not extend to the price serles, however.

THE reader wilill observe that there 1s not complete uniformity, under the
method of smoothing by stages, 1n handling certsin small matters of proce-
dure. In one instance, the location of SL B soems so obvious that 1% is
drawn without the objective check of moving averages. The(\correctlion for
curvature is handled slightly differently in seversl cases. Some of the
series are checked by an srithmetlc type of moving svekrdge, end others by

a geometric. These are offered as permissible vaPibtions within the
gysten. \

ol
7°%a
3

)

Section 1. WHEAT PRICES. R\

AY;
A comparison of Kuznets' results with thQﬁé obtained by the method of
smoothing by stages: Q)

N

R

Kuznets' trend, & parsbola, has the equation:

. 3
st.’ . e

2,
Yy = (05.60-10.21%x 10807 ¥ The origin 1s teken in the year
and x 18 measured ip.units of five years. The equaticn glygds the
values, calculated By Kuznets, entered in the table bel

g68 SO Kuzngts'éTrend
1 \J ' 962
1873 .;§\ .88%
1878 W .822
1883, (V" : 777
1888 )~ .Th8
1893 734
1898 : .T48
1903 : 767
1908 - .802
1913 854
1915 876

SMOOTHING Iiine M fits closely to the dsta, as 13 evidend
standerd deviation In the major cycle for the period 1866 t
price serles places RKuznets at more of a dlsadvantage than 4 the volume
serles whleh follow. A parabola makes a most unsatisfactory tkend line.
It camnot safely be extended at elther end, and must be regardbd ga. no
more than a smoothing device. No logical explanation of +the changes'-in
the value of the varisble c¢sen be based upon & parsbola. If one must 1t &
trend to & curve with a sharp dip in 1t, he might better use & skewed dls-

tribution curve, or one of the pericdic curves, Ffor exsmple a modified
sine curve.

d by the low
1915. This

AS has been contended 1n the Prefacs, any "total" mathemstical trend fit-
Tted to a price series rests upon a false assumption of homopgenelty of the_
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underlying forces My Smocthing Line M cannot be conaldered the ultlimate
trend line, the so-called secular trend. But nelther can Kuznets' para-
bola. Suppose the data covered several hundred years and incliuded a num-
ber of perlods of war-inflation. Under such clreumstances, Kuznets' pre-
gsent parabela would take infinite values; SL M would rise and fall with
sach such inflationsry movement; it would itsell exhiblt & number of cyec-
les. Through those cyeles, or long waves, in SL M, another smoothing
line could be drawn which would be one step nearer to the f3gcular” trend,
the trend through the centuries.

THE mejor cycles secured by the two methods look reasonsably similar prior
to 1905, but after that date the resemblance ceases, a3 Smoothing Line M
moves into a definltsly higher level than does Kuznets' trend.

A guestlon may he raised as to the limltation by Kuznets of the data Iin
+his serles to the year 1915, although hls other gsries were carried oI
to 1925. Was this done to secure & homogenecus perilod, free from the in-
flationary effects upon prlces during the flrst World War? The - perlod
ending in 1915 succeeds 1n egcaping war-time inflation of prigeg.The con-
trast whilch the stendard deviatlon (below) for that short period, offers
to the standard devistion for the full record, shows the effect of the 1n-
flation, &8 this measure of smplitude is practlcally doupiad“in the long-
er period. In fackt, the greatl violence of price movementsduring an in-
flation-deflation episcde raldes the questlon whethor {they belong in the
ssme "statistical universe" with prlce movemenbts du(?hg the economlc sta-
b1lity of peace-tlme. Possibly Kuznets was right iy gtopping with 1915.
(8ee reference to Silberling in the Preface. )
. '{QM
WHEAT PRICESD"

.\

R « ~'¢

The values of the standard devi&tiogj?by the several calculations, may be
shown in tabular form: AN '

2

K
. +8 )
From Kuznetsls Figures secured by the method
figures, based of smoothing by stages
on period;’
1866 tQﬁlng Pasea on perlod pased on perliod
P4 ' 1866 te 1915 : 1866 to 1938
,flbn
AN
- The short . /\W :
‘business cycle/ 14,1% 12.2% 11.9%

Years included .
{omit terminal full _ 1871 to 1914 1871 to 1935

half-cycles)

The major

cyele 10.2% ° 8.6% 15.3%

Yesrs included ' :
{omlt terminal full . 1883 to 1910 1883 to 1930

half-cycles)




Part a- (four pages)

1 2 {or %)
RN e
Bushel)
1865 "108.%
67 105.1
68 7.1
69 57.5
1870 82.1
71 102.5
T2 49.1
3 gh.o
T4 77-6
75 TT.2
76 86.9
77 100.9
78 6.5
79 110.6
1880 95.1
81 119,2

Table ¥. UNITED STATES DECEMBER FARM PRICES OF WHEAT,

5
Phese
Folnt
{ahort
cycle)

Twa stages of micanrm:m Columns nuombered as in Tables B and C,

Source: Yearbooks of the United States Departmient of Agriculture.

4
L
£ 3
N
v
f‘\'Q; .‘ "
sl\ .u \
6 7 8 U g 10 1ls 1ib
Cycle Yearly. H.HNE&m}. Length Moving Moving
Included in the Cyelé in Total Cyelical
Begin Middle End /Ay Years Aversge
’ VY« S #/bu.
TN \ o~
4 4 QM
“
U¢w.~vw«
1.5 1868 1870 1873 & 7 5128.9 85.4
» £/ :
\ms}.
t) , 1869 1872 1874 3 mum.mn\\ 85.%
r o5 1871 1873 1876 6 538.0 @wwm,
P 1872 1874 1877 6 5364 8g WA
! ..\o
£, 3 1874 1875-76 1877 4 343.3 8.8
573 1875 . 187& 1878 b 342.2 85.6
2.3 18ta 1877 1878 3 26k .3 88,1
2,3 Hmﬂm 1878 1879 3 280.0  96.0
1 1878 1878-79 1879 2 187.1  93.6
wuy# 1878 1879 1880 w 282.2 gh, 0
300 1879  1875-80 1880 205.7 102.8
ww‘r 1879 1880 1881 3 324,95 108.3
avm © 1880 1880-81 1881 2 21%.3 107.2
ﬁ:”m 1880 1881 1882 3 I02.7  100.9

1866 TO 1938

iz - 13 20 24 1
8moathing  Thase Becond Final Year
Line B Point Approx.to  Smoothing
¢/bu. {major &moothing ILdne M

eyele) Lineg M ¢/bu,
¢/, )
{87.0) {106.2) 1866
(86.5) {(105.9) &7
(86.5) (105.5) 68
{(B6.0) {105.1) 69
(86.5) (104.8) 1870

8r.0 (10%.0) 7l

7.0 {103.3) 72

87.5 (102.7) 73

88.0 (101.9) T*

v.x g89.0 (101.0) 75
/7 50.0 (100.0) 76
z@wwm, (98.9) 77

GhN0m 1y 95.3 {97.7) 78

I ¢ .

99.0 v 93.8 (96.0) 79

106.5 92.0 {oh.b) 1880
ri
106.0 50.0 {92.%) 81
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1
Yaar

1902
03
ol
a5
06
or
0g
09

1910
11
12
13
14
15

17
1918

2 {or 4)
o e
buahel}
£3.0
69.5
o214
T4.6
66.2
. 86.5
gz2.2
9B8.4
88.3
87.4%
76.0
79.9
98.6
51.9
160.3
200.8
208 .2

5.-
Phase
Polnt

t11

Table F, Part a2 (continued) Wheat Prices, two stages of smoothing

wmmﬁwq piglires

9

Included inéthe Cyels

Begfn™ "MIddTe”) End
- .\s.:.
1900 1902 woo:
1901 1903 1905 \.\
1902 1904 1906
1503 1905 1907
1904 1906 1909
1905 1907 1909
1906 1908 1910
1907 1909 1910
1909 1910 1911
1810 1§10-11 1911
1910 1311 1912
1911 191z 19,
1911 1912-13 131
1912 . 1913 1014
191g 1314 1815
1914 1914-15 1915
1914 1915 1916
1315 1816 191
1915 1916-17 191
1516 1917 1918
1917 1918 . 1919

Length

Years

s,

10

~

Wl Wl‘\)# MWW Wwnw &= oW U'I‘w LY LN, #

1lle

Moving
Tatal

11b
mes

#/bu.

~\~.

12 .13
3L B
¢/ bu.

£5.0
72.5
75.5 ry
73.0
B2.5
- B&.0
89.5

. ¥
92.0 3

91.0 r

85.3

83.0 -

B84.5 . t

\.\ 90.5
Ammw”ou
14810~

189.0%

206.5

NS

Phase
Folnt

20

2nd epprex.

to 3L M

#/bu.

73.0
7h.5
76O
77.5
79.0
81.5
84,0
88.0
92.0
98.0
104.0
111.5
121.0
130.0
137.0
143.0
147.5

24 1
Flnal Yesr
on.

71.3 1502
73.1 a3
75.0 ob
TE.6 05
78.5 a6
B1.5 oy
84.5 08
87.8 - 09
92,4 1910
'97.5 11
10k.0 12
112.0 13
122.0 14
132.5 15
k3.0 16
150.0 17
156:0 1918
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14
Uycle

r1,2
ﬁwum_
1,8
t1,2
72,3
Po,3
2,3
nmnm
T34
P34
3,4
3,4
.H.h_.‘m
Py,5
Tu,s
4,5
¥5,6
P56

15

14

17

Yearly Flgures
Included in the Oyele

Begin ~Hiddls End
1878 1882-83 1887
1881 1885 1889
1883 1887 1891
1886 1890-91 1896
1888 1896 1504
1890 1899 1908
1892 1901 1910
1896 190405 1913
1goh 1909 1915
1909  1913-1% 1918
1910  1915-16 1920
1913 1917-18 1922
1916  1919-20 192k
1919 1922 1925
1921 1925 1929
1922 1927 1931
1925 1929 1934
1926 131 1936
Kotse.

13
Length
in

M.W.H.m

140

11
17
19
13
18
12
10
11
10

10
10
11

19sa.
Moving
Total

of 8L B

s 4

¥ 4

ards
ﬂﬂ.\»:

ELDAY

-68a.5
TER. 5
1157.5
1338.0
1370.5
1373.0
1o4h,0
1175.0
1451.5
1394.5
1339.5
926.0
993.0
1011.0
888.5
Gi4 .5

Table F. WHEAT PRICES

Part b part of the calculations for the second stage of smoothing, incleding costection for curvatare,

Columns numhbered as in Tables B and C.

i
pa]
o

‘ng Cyoelliesl
{first

Movl
Avorzge
Jappilcation,d/bu. )

o
]

72.1

87.0

[*]
o

bBle Fe) Becond Approximatlon to SL M

T

~

'
¢

{to

7

z 4

2la.

valiss of
ation)

3econd

Moving Total
HDDIOR.

oF

{

864 .2
730.1
£93.1
787.5
1207.0
1382.0

y 1%21.0
“fise.8

114245
Hpﬂm.m;m

‘4

1380.5
1363.5
l245.0
928.5
1017.5
1043.0
fg2.5
923.6

21b 223 22b
T3 Devisiion of
$mw Raltereted mea
o
M:@r
b RS g =
pa E &
oy E
Fr L
]
86,4 - 1.3 - 1.6
81.1 - .5 + .1
77.0 4+ 1.4 + .5
71.6 + 2.0 + 1.1
71.0 + 2.9 + 2.5
72T 4 z.2 + 2.7
748 + 2.7 + 2.8
81.0 + .7 + 4.0
5.2 + 8.2 + 7.2
117.2 - .3 -+ 1.0
Ae5.5 - 6.5 - 8.0
ek - 3.1 - 8.8
£ 3
13690 -10-% -10.2
> 7N
132.6 N/~ W4 - 2.4
7¢
113.1 +2.8 + 3.1
104.3 +3.27 +5.3
9.2 + b m‘\\L‘ .2
4.0 - 1.9 + 1.5

0n the workaheet, the cycles dld not follow, 88 hers, on consecutive
iines; each wa3 entered in the vertical pealtlion corresponding to its

mid-dete, column 16.

ng
i
=]

Correctlion
firat
¢/ .

to
mea

54

& ju

et
mes ¢/bu,

B

9.1
81.6
« Th.E
£8.0
654
e8.0
BG4
72.0
723
117.5
139.2
1h5.4
159.1
133.2
107.4
96.9
g8s.8
85.9

{to Table Fz) Final SL M7

15
YTear

1882-83
1885
1887
1890-91
1896
1859
1501
1904 -05
1909
1913-1k
1915-16
1917-28
1919-20
1922
1925
1927
1929
1931
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200t CHART 8. /A
"UNITED STATES DECEMBER FARM PRICES
80l OF WHEAT, 1866 TO 1938.
| SECOND STAGE OF SMOQTHING.
- [
Legend: The wm\ﬁowcmﬁwnm curve ls

160 SL B, transcrib&d)from Chart 7.
o The dashed curve Hm Tentative SL M. FINAL SLM
W The small circles mérked "1", the .\X.
2 140 first set of moving awmﬁ,omw oA
@ " averages; those marked V2" are mca
" The solid curve with &owem@ ends , sl | /A T.
g 120 final 3L M. Y/ v
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CHART |0.
UNITED STATES
DECEMBER
FARM PRICES
OF WHEAT,
1866 TO 1915.

WITH TRENDS AND CYCLES

FROM KUZNETS.

Part a, The annusl
Prices, the 1Inter-
‘mediste trend (cal-
culated from
Kuznets'!' flgures),
and the parabolic
trend.

Part b, The short
business cycle and
the ma jor cycle.

Note: & correction
has been msde for
1881, from the
value given by
Kuznets in his
column V, for the
short business
cycle.

$1.20
PER BUSHEL
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Year

2 (oxr 4}
Wheat Prilce

L D v O =k 4= T RS ChdEin O OO oy

=
R0 ~1—3 0O CAD WD CR—1 On O h O
£ DD O] COCO R Chdnd= R N 0 Do

na
=]
i3
[os]

M M3
H o
o=
Tl I

=
o3
My

103.0

| el
e TR g LY el Vo]
DD LG Y O
OO =1~1~1 v

-
O
=l
o> F

39.0

1z
Smoothing
Lins B

{cents per buare

all,o
65.0
66.5
69.0
72.5
75.5
79.0
ge.5
36.0
89.5
a2.0
91.0
85.5
83.0
B,y
90.5
105.G
148. 0
189.0
206.5
205.5
163.0
107.G
95.5
102.0
123.0
130.0
126.5
114.0
1040
g1.0
72.0
53.0
52.0
65.0
81.0
gl. ¢
gk.5
91.0
82.5

Table G (continued) United States December Farm Prices of Wheat

2%

Smootning

ILine M

'é

._
1 °*

S 3y

N
#£3
3k OO~
Eis o ow
N\

W0 000 Oo—] —1 ] ],
=3 = G0 O
S ANV T

101.40

€7.5
65.6

a5 26 a7 .31 32 1
Ratio Fercentage Deviatlon R Percentage Leviallon Yean
Aeotusl Devisticon Squared 8L B Devietion Jguared
to 5L B : o SL M

% % e
-
L@

92 - 8 - - y 36 B - 99

35 -5 25 o a4 -6 36w 1960

1 it % -3 25 %

- 1. o7 - 9 4 02

96 -4 16 iy 59 - w 1 %% 03

122 22 48y, ° 101 + 1 » A3 o
ol - 6 3€ 24 103 + 3 g ¥ 05
L, 8o 20 490 249 105 + g 25 w5 26
PR £ 1 = 13 + 4 % °° o7~
A03 +3 9 89 106 + 6 3% T8 08
v 1B7 + 7 4o vE 05 4+ 5 25 d@ish G
g7 -3 9 oy 99 -1 1) 1570
1924 + 2 § =0 28 -12 i 2l
92\, - B8 6h ‘g & 80 -20 400 i2
95 2, -5 25 Bo 75 -5 625 13
09 #7 .+ 9 81_) 7h -2f &76 14
83 ” »..mw.m 14y ,_ww ) .21 Bl 15
108 B, 54 10k + 4 16 16
g6 + 36 126 26 676 17
99 -1 1 13e +32 102k 2
105 + 5 J\ 25 130 +30 900 19
112 +12 o 14k 13 + 4 16 1920
96 " ¥, 16 T2 -28 784 2l
iol + 1 .\ 1 e -20 841 22
31 -9 /N BL 82 -1 324 23
101 + 1 o 1. 108 + 8 Bl 2L
111 +11 izl 122 +o2 Aal 25
96 -l 13 ' 125 +25 625 26
104 + b 160 118 +18 324 e7
96 ol 15w 113 13 . 169 o8
114 1k 196 S/ 103 + 3 g 29

93 -7 1y \\ 8% L18 256 1930

7h -26 676 g ¥ (a2) =T0NI8 31

73 -2 . 729 7. 32

114 +1 198 ‘S ad u__‘ 10418 - 1% ,7% 33
105 + 5 35 A . 3 . 3%
91 22 g1 m in the major cycle. 35
5 (a2} =250 .\ (the full period) 3%
37
ad = M% = 11.9%, in the short business cycle. 1938

5 {the full pericd)

{Table ¢ iz coneludsd on the next pege)
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66
Section 2. WHEAT PRODUCTION.

COMPART3ON of the trend 1llne secured by Kuznets, ‘with the smoothing line,
8L M (millions of bushels)

Kuznets' Trend 8L M

1866 . 205.5 {173;
1870 245.0 233
1875 - 302.1 329
1880 366.3 - 390
1885 : 435.7 ii%e
1890 507.9 “hgl
1895 580.0 551
1900 649.2 610
1905 713.1 663
1910 : 769.9 718
1915 818.9 776
1920 : 860.0 838
1925 893.6 855
,\:\'
S
Kuznets' squation: <~§
Y_ {0t2.8 0
(0.42609 - D12 64x)
{t+ 190 \,

X in uni}s of five years; origin at 1870 .

\
»_,'

" THE early values of SL M have_ beén placed 1in pasrentheses because they

fall in the terminal half-cyelsl® The last two tabulated values of SL M,

thoge for 1920 and 1925, begih to show the effect of ths down-pull reault—
ing from the very much redu@ed production of wheat in the Unlted. B3tates

in the iate 1920's and tQ§9193O 4. EKuznets' flgures were based on evi-

dence which stopped wik 24, and he, of course, had not wltnesaed the

down-pull of the late, 1920'

N

(N
ON the whole, znets' trend 1ine and 3L M agree vemarkebly well despite
the slight disePepPancy that has been pointed out for 1920 to 1925,and the
further fact th&t 3L M 1z somewhst lower than the trend Ilns durlng the
period 1895.%8 1915. '

PR “’:

\\t



67

WHEAT PRODUCTION.

‘The values of the atandard deviation, by the several caloulationg:

From Kuzneta!®
figures, baged
on period
1866 to 1924

Flgures secured by the method
of smoothing by stages

based on period

bazed on period

1866 to 1924 1866 to 1938

The short
business cycle 11.0% 11.0% 10.5%
N
Years lncluded O\
(omit terminal R,
half-cycles) full 1868 to 1923 ,"1868 to 1936
|
. \:“\\\.
The ma jor : \/
’ AN
O
Years lncluded AWV
(omit terminal W\
half-cycles) full 1873%to 1916 -1873 to 1931
KN
L\ ‘
:"\s.o
"\‘.
N4
QO



1
Year

.1866
&7

| 68
69
1870

71
7e
73
T+
75
76

i

78
73

1880
81

8z

83

84

85
86

a7

1888

2{or 4Ja 2pl{or 4n) 5 )
Wheat Fhasgs
Production Poin
™ Togarithm {short
g2 ocycle)
— 0
EEN
42
E
152.0 2.18184
T
212.4 2.32715 7
1. rm,»
2240 2.35025 g m,e
. o fl,e
260.1 2.41514 Po
' 1,2
235.9 2.37273 o
r2,3
230.7 2.36305 o
F2,3
250.0 2.39794 fz,3
T3
281.3  2.44917
t2’3
308.1  2.48869  pq
3
252.1 2, 46553
289.4 2.46150 tg
3I64.2 2.5613% Ty :"ﬁé 3
RN
beo.r 262335 () '
496.8  2.69583N
N )
' L t3,-4
458.6 z;§§67775 Bom .
383.3, 04 2.58354 %
AN LI T
2\ ¥ f
by .
50, 2 2.70260  Tg Y g
Ty r5,6
421.1 2.62439 i L.
1‘6 f5,6
512.8 2.70995 B t5,6
f6 IE,T
357.1 2.55279 % IE,T
457.2 2.66011 o7 I 7
oY%y
456.3  2.65925 x g
7
415.9 2.618399 7 %8

3,0\

Cyecle

7

¥early Flgures

]

Inciuded in the Cyele

Begln

1867
1867
1868

1868

1869

1869
1870

1874
1875

1878
1878
1380
1881
1881
1882
1882
1883
1883
1884
188%
1885
1885

1887

A

Middle

1867-68
1868
1868-69

18649-T0

1870-71

1871-72

1872

’ijF“
7h

;8@35%

Ne/

1875

1877
1877-78

1879-80
1380
1881
1881-82
1882
1882-83
1863
'1883-84
1884
1884 -85
1885
1886
1886-87
1887

1888

9 10 lia
Length Moving
in Total
End  Years of ‘Logs
1868 2 4.67740
1869 3 T.09254
1869- 2 4.76539
1871 B FE0117
.\:\’

1872 AN 7 9.54886
18743‘~“36 1%, 48672
W 5 1z.omise
1876 6 1L.62588
1877 5 12.he62%
1879 [ 15.29624
1880 15.50530
1881 6 15.62331
1881 4 10.58047
1382 3 7.98389
1882 2 5.28851Y
1883 3 7.91053
1883 s ' 5.32699
1884 3 8.03694
1864 2 5.33434
1885 3 7.8871%
1885 2 5.2627Y4
1886 3 7.92285
1887 3 7.87215
1888 i 10,4911%
1888 3 7.93835
1889 3 7.91613

(s28ed x15) ¥ 2eg

ainyprowsity je wamnzedaey g ' 3@ jo soedsy 1a3Inog

‘D) PUE { SA[qR], UL S# pasaquna sownfo]y Funpoows jo 53585 oy

8€61 OL 9981 ‘SALV.LS JILINN FHL NI NOILDAOWd LVIHA "H 9eL



Table H, Part 2 {continuned) = Wheat Production, rge stégcs of smoothing

1lb

1lle
Moving P
Gyelical _?;: ; i
Average oo
of Logs rE gﬁ
E?E-g ]
@ ;.ﬁ
Hn<3
?ﬁ =
— o
= H D
2359
o E
2.33870  218.1
2.36418 231.3
2.3827c 2414
2.37529 237.3
2,38722  243.9
2145 259.7
2.41431  259.6
2. h3tal 273.9
2. 48524 305.7
2.54837  354.3
o.58421  383.9
2.60388  hOl1.7 §
Q
2.64512  BLLLZAN
.66127 ,&sszﬁ'
2.64257 N4do.1
. 63604 U33.%
5. 66329  460.6
2.67808  477.5
2.66717  464.T
2.6200%  1425.6
2.63137 :27.9
2.640595  437.5
o.62405  420.8
2,622768 413.5
2,64611 44a.7
2.62871  425.3

128 12b
Smeethling

___Iine B

g = Logarlthm
[= 30 +}

=4

o2

| .

(175}  z.24308

(205)  2.31175
230 . 2.36173
2hn 2.38021
243 2,38561
248 2.39445
255 2.40654
265 o.42305
280 2.447168
300 247712
330 2.5185Lg;
367 2,56460

N\

@q\}?ﬁw%
AR5’ 2.62839

w\i. .
Lhag o AE34hE
459 2.65321
450 2, 6R321
L5 2, 68836
yhg  2.64345
133 2.63643
5-13 2,62839
425 2.62839
129 2. 63246

{Table H, Part a, 1s continued on next page.)

13
Phaae
Point
{major
eyele)

ry

1

t1

o2

fa

2.67302

208 20b oy 1
BSecond Approx. Final Yoar
to SL M SL M
mm Logaritmm (milllons
g tughels)
O
— 0
43
|
173 1366
183 2.26045 {186} a7
197 2.294hT {201) 68
211 2.32428 (217) 69
: N\
229 2.35984  (233)() 1870
e\
« N7
2hE  2.39003 E51) 71
27 .'\i"
265 2.#23§§ {271} 72
- w\,/ - .
283 , () 45179 292 73
A N
"350 2,.47712 312 T4
316 ° 2.49969 329 75
333 2.52244 345 76
by 2.58033 357 77
358  2.55358 370 78
369 2.56703 ) 380 79
380 2.57978 390 1880
390 2.59106 Lo 81
4on 2.60206 L1 gz
Lip 2.61490 L1g 83
Lah 2.62737 Log a4
w35 2.63849 4ho 85
by 2.65031 450 86
455 2.66181 462' ar
Y71 Lre 1888



Table H, Part a, (continued) Wheat Production, two stages of smoothing

Year

89
1830
91
92
93
o4
95
96
97
98
99
1900
01
02
03
o4
.05
06
o7
08
g
1910
11
12
i3

25 Zb 5
or U4 or 4b
Wheat Fhiase
Production Point
E o Logard thm
59
g
~ m
s
. rg
434 4 2.63789 ?8
378.1 2,57761 tg
iy
584.5 2.76678 pg
28,0 2.72263
£
127.6 2.63104 tg
516.5 2.71307 r,
569.5  2.75549  p
. . f
5442 2.73576 110
610.3 2,78554 rqq
Tra.e 2.88773 Py
636.1 2,80353 T
602.7 2.78010 | "£11
788.6 2'.89686.\ pig
T24.8 2.86023
A \./ f
663.9 o810 12
596.9 '\'§2:77590 bro
72§,§”“ 2.86141 T3
<(?§:8 2.87898 . P;3
. 638.0 2.80482 f14
t
ik 7 2.80936 13
iy
700.% 2.84535 oin
f
635.1  2.8028Y 4
621.3 2.79330 14
1‘15
730.3 2.86350 )2
r
763.4 2,88275 15

7 &

6
Cycle

lO 11
Prosly

L3012
10,11

I
11,12
P11.12

11,32

tll 12

12,13
P12,13
12,13
32,13
13,14

P13, 14
53314

513,14

T14,15
P14 ,15
13015

tlu 15
15 16

7

Yearly Filgures

8

Inceluded in the Cyele

Bagln  Middls End
1888 ° 188B-89 1889,
1888 1880 1840
1889 188g 1840
1889 189G 189}
1890 - 1891 \ 1892
1850 1891F92 1893
1801 18 92 18g4
1891 .I@93 1895
1893 1894 18a5
1893\' 1894-95 1896
~1§§4 1895~96 1897
"1895 1896-97 1898
1896 1897-98 1898
1896 1598 - 1500
1898 1899 - 1900
1898 1899-00 1901
philels] 1900-01 1902
1900 - 1lgo2 1004
1901 1962-03 1904
1901 1903-04 1906
1903 1904-05 1906
1904 1905-06 1907
1905 1906-07 1908
1906 1907-08 1309
1907 1908 1309
1908 13909 1910
1908 1910 1911
1909 1910-11 1911
1glo 1811 1912
1911 1912 1912 .
1912 191e-13 1913

19

11a

Length Moving
Total

in
Years

R VAL Y = VORI BN - N S VRNl VT RUR LY

MWW W W R R Oy

~l\J=—un

o

10.

10
13
10
10

11.

13

11

11.

14.

11

17.
11.

11

[

-
n odok 0 op

of Logs

28688
.83449
21550
.98228
L0670
59806
.83352
.58901

- 09960
.83536

.583886
15452

L0803
.99266

A58
36822

34071
‘39508
09547
33839
.32111
35457

.33851
45953

be755
. 25685
Jrk1ig
4506l

LER680
.Thezs



Table H, Part a, (continued) Wheat Production, two stages of smoothing

11b

rca of

Logs

62841
H134T
N
LE60TE

68900
LBTARL
.70838

M3 PO R S

LT1T80

.69986
LT088Y

TETHG

M R R

M -

na

.79113

.80301
.73853

.82378
Bh205

| LL I W nano

.827073
83877

.Bug2}
83459
83027
.B3864

2.83462
2.81084

2.81913

noom W hy PR

2.81271
2.81383
2.81988

2.,82840
2.87312

me Geom Mesn

of Whesat
Producticon

M Dova wen
{millions bu.) -

o Liv] [ ) ]

(e

o

.83517

lam Wk o = ﬂ’} W o~ o

128,

3L B
mililiona
bushels

680
a72
66T
660
654
66
T10
780

{Table H, Part d, is conbinued on next page)

Log of

TR C T 1 T £ O < O VR = v S ¥

M

12k i3

.63849 to
.64836
.66276
67943
.69B9T
72016
Thiag T3
LTT085
79239
80956
82282 ’m<f'
8293653
.83k
85885
?.84198
81011
83759
.83251 r3
LB2T737
.82413
.Blg5h
81558 t3
.82217
.85126 ry
.Ba209 '

Fhasae

S5L B Folnt Approximation

2.71349 /N
k. W

~NZT3078

24
Final

3L M.
millions
logarithm bushels

483

nol (O
S\
207

516
528

539

551
563
576
538
600

610

g21
631
Bz
653
663
673
684
696
TO7
718
730
T4L

752

Year

(N 1889
1890

g1
g2
93
ol
95
96
a7
98

T 99
1900

o1
02
03
ok
05
06
o7
08
09

1910

11
12
13



Table H, Part 2 (concluded) Wheat Production, two stages of smoothing.

7\ 7

5
Phaae
Polint

16
Pg

g
51

7
Pl?

17
e
1

I1g
1'19

7P
12

Pag
D)
20
To1

P23

1 2{or 4) & 2b
reer Prodastion
Logarithm .
g
'-éi o
191k 8m.0 2.94988
15 1025.8 3.01106°
16  636.3 2.80366
17 636.7 2.80393
18 gz21.4 2.96445
1 968.0 2.99588
11920 833.0 2.92065
21 81k.9 2.91110
22 867.6 2.93832
23 797.4 2.90168
24 862.6 2.93581
25  676.8 2.83046
26 833.5 2.92091
. \Q\n
27 87h.7 2.94186
28 gl13.0 ?;9é0ﬁ7
29 822.2 _ £N\P.91498
1530 889.‘7,{%“ 2.ghgay
31 9382 2.96951
32 \\fh;.B 2.87262
33 529.0 2.72346
3% 526.4 2.72132
35 626.3 2.79678
36 626.8 2.79713%
37  875.7 2.94235
1938 931.7 2.96928

6
Cyele

Pop,o1

£20,21
20,21

Fo1,22
Po1,22
21,922
21,22
Ton 23

Pop 53

7

3

9

Yeariy Figures
Included in the Cycle

Beglin Middle End
1912 1913-14 1915
1913 1914 1915
1913 1915 1916
191h 1915-16 1917
1915 1917 ’%§;9
1916 1918 (D199
1917  191@™\ 1921
1918 &?}9-20 1921
1516 3“1920-21 1g922
1920 1921 1922
PARY;
igéi 1922 1923
g2 1922-23 1923
Y192 1923 1984
1923 1923 -24 1924
1923 - 1924 1925
1924 1924 .25 1925
1924 1926 1928
1925 1926-27 1928
1925 1927 1929
1926 1927-28 1529
1928  1929-30 1930
1929 1930-31 1932
1929 1931 1933
1930 1932 1934
1931 1933 1935
1933 1934 1935
193% 1935 1936
1935 1935-36 1936
1935 1936-37 1938

N\

10

1ls

Length Moving
total
of Logs

In
Years

=4 W

S O M W MW WwWdT L B &

L Y e

11

11
11

14,
11.

ik,
1L.

1l

wWoo o Wndo

11.

14

11.

.7071G
. 84369

64735
56853

57858
56792

59601
79208

- 76595
-T7007

\75110
.Bhooo

.77581
. 83749

.66795
. THE2T

14,
11.

14,
11.

58951
65370

56868
B3722

. 82469

70635

2081
14,
14
24156
.31523
.59391

23615
08369

50554



Table H, Part a (concluded) Wheat Production, two stages of smoothing.

1lb
mea of
Logsa

.G2679
.gh1e3

L91183
.89213

Rym PR

.9157%9
.89198

.91920
.okBog

.O4148
-92335

91703
L2000

.92527
.91874

MR Ry et RN WY R

.88931
L8831k

91750
-91343

91374
LO3455

PIfO R O MM

L0156
L93545

.Bhyra3
.B1673
LTHT1S

LTTLTY
79695

me RN N

2.87638

.BB596

12a

lle 12h 13
5 4 B&8LB Log of Phase
gggﬁ millions s, B Point
'Eg - bushels
8=2 5
i a0 -
™ OH
By
2] -
BB
84,9
873.% 805 2.90580
816.3 817 2.91381
780.1
826 2.91593 By
823.7 835 £.92169
779.8 842 2.92531
B830.2 848 2.02840
887.2
850 2,92952
873.9
B838.2 845 2.92686
806.1 838 2,9232L £,
831.8
841.9 820 2.91381
82g9.4
775.0 810 2.90849
76L.1 ‘
805 2.90580 ty, A
Ba1-7 82 91381 C
0 2.913 ¢e\J
819.3 \Q\
- B19.9 845 2.92686\. Ty
860.1 AN/
870 2;Q§952
N\
5880 () DL b
B7L.1 - '(:§ ' 5
B7OW Y 2.93952
861.9 09
796.%<:§15 2.91116 f5
703.4 710 2.85126
655.7 575 2.75967
558.7 560 2, 74819 t5
Rol.2 590 2.77085
626.5
: : £70 2, 82608
752.3
- {785) 2.89487 Tg
(900} 2.95424

208 20b
Second
Approximation
milliongo St gogarithm
busghels
765 2.88366
776 2.88286
768 2.89653
798 2.90200
Bo8 2.90741
819 2.91328 4
829 2.91855‘3
832 y%S?QOEE
836 { @.gze21
840 V' 2.92428
’viﬁﬁé 2.92531k
Ty >.92634
84o 2.92531
836 2.92221
820 2.91381
803 2.90%72
783 2.89376
760 2.88081
735 2.86629
707 2.8hokz
677 2.83059
645 2.80956
618 2.79099
590 2.77085

oy

2l
Finsl

8L M
milllons
tushels

763

776

788
800, ()’
83"
827

838

845

as0

N\

853

855
855
851

848
832
817
797
777

(758)

(737)

{718}

(697}

(678)

(659)
(640)

Year

191k
15
16
17
18
19
1920
21
22

-3

24
25
26

27
28
29
1930
31
32
33
3%
35

36

37
1938



4
Cycla

1,2
b1,z
1,2
t1,2
H.M-w
P2,3
f2,3
.nm_.w
H.w_k
P3,4
3,4
.nw_.__—
4,5
Ty 5
4,5
ty,5
T5,6

15 16 17
Yearly Flgures
Ineluded

1867 1872 1876
1868 1874 1880
‘1870 1877 1884
1873 1881 1889
1877 1886 1893
1881  1Rg90 1gac
1884  18y5 1306
B9 1900 1910
1896 1904 1912
1900 1508 15916
1907 1914 1922
1911 1918 1925

1913  1919-20 1927
1916 1922-23 1929
1923  1926-27 1930
1325  1929-30 1933
1927 1934 1937

1o
13
15
17
19

20,

23
21

.17

16
15
15
14

11

Table H. WHEAT PRODUCTION

Part b pare of the calealations for the second sage of swoothing, inceding correcrion for cutvatire,

24.,20633
32.23315
34.08044
4, 06706
50.35499
53.5413%4
£3. 01202
58. 45097
48.01043
4B, Lhakh
4§, 14270
43.58418
43.75:42
40,9237
23.309229
26,09208
31.51246

ficte:

Columns numbered as in ‘Tables B and €.

15h 19¢c 20a. 20b 2la
9% g85% = 8 d o3
L] O Ui P +om -
o MR PD A bl o BB
el b= =] T.m_um
=] 20 8:| a .m k4
b D baiic s 3 m u g
o [A - =] = [
o £y o Qi B
M% Woan q ¥ wog
Heqg o’ =8 ey [
g —ad 2 =
58 e 2 .
= =" 5o m o
SEHOOK 5
T
m b
1]
/7 = 3
2 A6 2574 b 2LLODGE6
\m\.v R
2. 4734T., 301.6 m K 31.38k83
e.s3gz0  { gug.2 7 37.80147
2,55218 fav.o & b3.93503
7”7 -
2,66086 byroafg o B0 28520
ss‘..B
2.69707 vor.a 42
2] o
2.73965 549.1 ~¥7
2.78528 609.9 ¢
&
2. 82414 £67.Q {/
2. BUGEE TOT.2 .\\
£.88392 765.5 A
2.90561 B . T u3.54011 ¢
2.91676 8o5.5 43.65330
292318 B37.8 N0.82209
5. 92404 839.5 23.33574
2.89912 T92.7 26.08267
2. 86077 7324 31.43301

snd incorporated wlth part &,

21k 22
moa of [
Logs of m @m.__b
Seocond. ESY e
Appron. & ml

=] m
—- o
[~ ]

=

iy

G

o

§

2,%0063 -.01000

2.46037 -.01910

2.52010 ~.01920

2.58511 ~ QUFTT

2.64680 -, 00348

.A am.mommﬂ «. O029%
“Bdginzz  -.0065%

2 ...mA mmm - DOTEG
m.mpmmﬂw - voToT
289807 .w‘uﬂamuom
2,85755 .Awaw»m

4

tn the work shest these palculstlons were extended vertically

858 note on Taple P, Pert b.

23a
Ad Justed
mea
of Logs

2.42063
2. 45857
2.58850
2.59955
2.68372

Curveture so slight thet these
mes's were not roltsrated.

2.50855
2. 983530
2.33038
2.93111
2.4001T
2.87199

v
ad

Gaometric Mean o

fdjusted
{millions boshels)

Moving Cyellcal

263.4
3L5.2
361.8
398.1
iy
Lo7.b
549, 1
6049.9
§67.0
707.2
T65.5
Bal. T
838.1
851.9
8%3.3
T92.7
TiR.4

{to Table Ha) Final SL KB

16
Yoar

1872
1874
1877
1581
1886
1890
1895
1500
1904
1908
1914
1918
1919-20
1g982-23
1g26-27
1959-30
1932
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WHEAT PRODUCTION

“h,  IN THE UNITED STATES,
4 2, 1866 TO 1938,

/ “7 , SECOND STAGE OF SMOOTHING

V4 ‘¢,Legend: The fluctuating
/ _ : {(gurve is SL B, transcrlb-
4 5 from Chart 11.

_ : Thé /dashed curve 1is
Tentétive SL M.

e _ The mamww cirecles, the

MILLIONS OF BUSHELS

RS

200 - moving &yclical averages.
/Y _ : The soli Anﬁwqm wlth

k dotted end¥j.final 3L M.

/ _ (See also Chart 13,

correction roy’ curvature.)
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PERCENTAGE RATIO:

LOWER ORDER TO

HIGHER ORDER LINE

CHART |4.

_<<Imb._. PRODUCTION IN THE UNITED STATES

‘b 1866 TO 1938.

THE O&O_umm BASED ON THE RECORD _mmm TO 1938

__MM A

10 : i, | N \ﬂ A A
wo— 42N Z LWL WAL A AN 5
N ASYEITANNG VARN i vAIRYA
0 V Y < y ﬂ\

80 .“u\,‘ r;

Legend: The short mﬁwmrmﬁw lines
connect points which show “the
short business cycle, the wm\m\H
of the snnual production to SL/B.
The curve shows the major o%owm:
dﬁm ratio of 3L B tc 3L M.
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Yesar

2 (or 4)a
Whaat
Production

12a

Smoothing
ILine B

{millions of bushels}

230
240
2k3
248
255
265

. 280
300

Table J. WHEAT PRODUCTION IN THE UNITED STATES

Caloulation of standard measures of the two orders of cycles.

Based on the record 1866 to 1938. Columns numbered as in Tables D and E. Three pages.

ALY

& “
247, 7
dmoothing/
Line M

25 26 oy

Ratio Percentage Deviation

4" Actual Deviation 3quared
& Jto 8L B .
Q%
.\m
.arwymboud tusiness eycle

9 - .x.\

10 \ 2 mm &
97 9
93 :k 49
94 w- 4

106 + 67 36

110 *107, 104
g -3 Ly 9
8 -12 77 1hh
93 -1 g 1

105 +5 "mmmw

117 +17 \

113 +13 169/
85 -15 225

1ie +12 1hi

95 -5 25

117 1 =5
a2 -1 32

108 + 8 64

107 +7 ko
a7 -3 9

100 o] o
85 -15 225

127 +27 729

110 +10 100
86 -14% 196
99 =1 1

103 + N
oz - &
98 - 2 4

120 +20 Yoo

30
Retl

=]

to AL M

31
Percentage
Dovistion

The major oyele

1
O QoL Ol —iuG

Lt

32
Deviation
Squared

Year
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; . . . Table | (concluded} Wheat Production in the United States

Suandard measutes of the two orders of cycles.

Tme Lengths of the Phages of the Cyoles Percentage Devliations at Poeks and Trcughs
. 28 ) 29
of setusl about SL B {the MWGWW business cycle) of setusl from 3L B {the short business cyele)
O
Cyele Lépeths in Yesrs it Peak At Trough
Number rp TINAZ * Tt tr : Yoor Deviation Fear Deviatian
. " - 1868 - 3% -
1 - - &I T .2 1869 + 8% 71l -7
-2 e 6 &9 1.3 1.6 T4 +140 76 12
3 1.5 5 ) 1.2 79 17 81 15
i 2.3 .8 { )5 5 8z 12 83 5
5 5 6 7’4y, A 84 17 85 T 18
6 6 WA A \v ; .7 86 2] 88 3
7 .8 1.2 34 A g9 o a0 15
8 .6 2 TN 7 N g1 27 93 1}
g9 7 1.4 N o 1.0 o5 3 a6 8
10 1.0 .3 .7 ) S T 98 20 1900 11
11 .9 .8 1.2 w4 .5 1901 15 ol 4
12 .5 1.5 1.5 LT 06 11 o7 5
13 1.3 T .6 »H.w 69 6 11 &
1k .5 .5 1.0 Y24 12 k] 13 2
15 .3 .5 .5 N 15 25 17 2k
16 1.8 .5 1.0 1.2 #7 19 14 21 4
1 1.3 B l.2 .5 20 3 23 3
1 .5 .5 .5 it ¢ \\ 24 & 25 16
19 6 .3 .8 .9 o 28 5 29 7
20 2.1 .6 .5 .5 .y 31 14 33 8
21 1.5 1.5 1.0 1.2 4 1935 6 1936 _6
20 3 n .6 - AN .
— — {iverzge Devistion 11.0 % 9.4 &
Average Length 1.0 yr. .7 FT. .8 yr. 8oy 1d\the short at peak at trough
i bugifigss cycle
Total length of typlceal short busziness cycls 3.2 yrs. :o\i. . 3y
33 ' \x\ of 8L B from 8L M (the major cycle)
Of 3L B shout 3L M (the mejor cycle) \\ .
1. - - 3.2 3.4 /. 1873 - 6%
2 ' 3.8 3.9 5.1 6.1 18807, +14% 1889 10
3 L,7 6.1 k.o 2.2 15007 10 1910 10
b w.m m.m 2.7 1.5 1915 ™ 5 1925 -3
5 2.8 1.3 — . 1929 L/ T
Ave g Devliation .Q 2

Average Length 3.7 yrs. L4 yra, 3.7 yrs. 3.3 ¥ra. in Mmm major cycle m.dmgmw at wuwcmm

Total length of typileal major cyele 15.3 yrs.



83
Section 3. COTTON PRODUCTION.

COMPARISON of the trend line secured by Kuznets with the smoothing line
S M {thousands of bales )

Fuznets'! Trend 3L M
1865 : 209G 2630
1870 3122 3320
1875 k130 4300
1880 5301 5350
1885 ' 6569 6400
1890 7850 7500
1895 9054 8750
1600 10112 1.0000
1905 10988 11200
1910 11678 11800,
1915 12201 12100
1920 12585 12500
1925 12862 12800
Kuznets' equation: . N\
y= {3498 0
= K
(0. 521520, 16611 %)
| 10 W

X ipéﬁﬁits of five years; origin at 1870.

SN g

IN the snalysis of the cotton pxeductlon serles, no correction for curva-
ture was made. The &greemen&ébetween Kuznets' trend 1llne end 3L M 1s
close. The difference is greatest, although not very great, in the per-
iod 1865 to 1875 in whbeh, however, the values of 8L M are admittedly
only tentative. In thatesrly section, 8L M iz slightly higher than the
trend lins. 9.\

' M
N
" THE major cycles wbtained by the two methods are quite unlike. SL B fol-
lows the data olo%ely, possibly too closely; for example,the little peak
in SL B in 1897 5nd 1898 might have been reduced, but probsbly the simil-
ar pedks in 1389-30 and 1904-05 should mot be smoothed away entirely.
Kuznets' smoothing is extreme. It reduces mach of the amplitude of move-
ment from the major cycle and increases it in the short pusiness oycle.
Probably Kuznets' line which gorresponds to SL B does not follow the data

closely enough.



COTTON PRODUCTION.

The values of the standard deviation, by the soveral cé,lculations':

From Kugnets'
figuren, based
cn pericd
1866 to 1915

Figures secured by the method.
of smoothing by stages

besed on perlcd

based on perlicd
1866 to 1924

1866 to 1939

The short
business cycle 15.9% 10.5% A 10.9%
Yeors Included \‘\
(omit terminal O
_ half-cycles) full 1868 to 4§22 1868 to 1936
| R4
The major \ "
cycle 7.6% O 7.6% 9.2%
Years included . )
(omit terminal Q
half-cycles) full o0 1B80 to 1917 1880 teo 1929
S
O
L\
N
\so
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1 2a 2b
or 4a or 4b
Year Cotton
FProduction
) Iogarithm
o
28
ol ]
22
=
-1
1882 6957 3.84242
831 5701 3.75595
84 a8z 3. 75450
85 6575 3.81790
86 BLUG 3.80929
87 7020 3.B4E34
88 6941 3.84142
89 74Ty  3.87350
1890 8674 3.938z22
91 9018 3.95511
92 6664 3.82373
93 kg3 3.B7466
9% o476 3.97662
95 7161 3.85437
96 8833 3.9311¢
97 lefgs ¥.07535
98 11185  4.04879
99 9345  3.97058
1900 10123 4,00531
ol 9510  3.97818

5

Proae

Peln

{ahort
cyele)

Table K (coatinued) Cotton

] 7 3 g 10

Cyole FTearly Flgures Leogth
Inciuded in njm Cyele in
Bagln Middle  End Years
4
5.6 1881" AI881-82 1882 2
t5'6 1881 4 138z 1883 3
7

Tg 7 1882 1882 1884 3
rgly 1882 188384 1885 x
6,7 1883 1884 7 Hmmm 3
t 1884 1885 mm 3
250 1885 1883-86 55 2
p7l8 1885 1886 1887 3
£’ 1885 1886-87 18894y 2
t7'8 1886 1887 1888 " /4 3
rg g 1887 1888 1889 VB,
8,9 1887 1889 1890 )
375 1388 1889-90 1801 Ly
t8,5 1889 1890 1892 Y 4
¥5,10 1890 18:1 1893 4 ’
Pg,10 1891 18g2 1894 b
fg,10 1892 1893 1894 3
%g,10 1893 1894 1835 3
rip,11 1894 1895 1896 3
10,11 1895 1897 1898 4
t10.17 1896 159 1899 b
ri112 1897 189 1859 3
r11,12 1898 1899 1900 3
WHH 12 1899 1900 1900 2
t13,12 1899 1500 1901 3
riz.13 1900 1900-01 1901 2
uym.pm 1500 1901 1502 3-

Production in the United States

1A 11n 11z 128
Moving Moving &g
Total Cyelicel 8 o_m g
of Logs Aversgs JHG o
of Logs pL=A E e
0 on g
SEE 2
L S L
f L v s ] -+
0 Wt =]
F A NS
§8E
7.57929
11.33524 3.7896% £161 6200
3.77841 6004
11.35287 6200
15.17077 3.7842g 6085
11.32835 3.79269 5204 6200
3.77612 5972
11.38169 6350
7.62719 3.793490 [5edet]
11.47353 3.81359 #5510 6600
7.65563 3.82451 6676
11.49705 3.82781 6727 6850
3.83235 6798
11.56126 7204
15.49948 3.85375 711 6
. 7650
15.60825 3.87487 Thay
15.59056 3.90206 7981 7850
A 3.89764 7900
71559172 7900
Y . 3.89793 7906
15, A83012 TEO0
3.90753 8ogz
Hp.mdmvp 7800
N omm.w 3.89167 . 7792
. 7 » O
7 m.\\w 90208 7981 795
11.7626g 8350
> Q2060 8335 .
15, 80004 9240
_ 3. mwwo» 8913
Hm.mmmmH VS 10000
15. 98782 3.56805.7 \ G291 )
12.05672 - 3-99696 930 10300
4.01891 88 i
12, 02468 o 10100
T.97589 L.o0B23 103914
11,95407 3.98764 97287 9700
7.98349 3.98469 654 N
12.01006 3.99174 g8z mx\wmmo
. 4 00252 10058

(Table K, part a, i3 continued on next page)

12k

Smoothing
Line B
logarlthm

3.79239
3.79239
3.79239
3.80277
3.81954
3.83569
3.85733
3.88366
3.80487
3.89763
3.88210
3.89210
3.90037
3.02169
3.96379
4.00000
4.0L284
4oony3s
3.98677
3.99354

13

Pheae
Falnt
{ma.jor

cycle)

f1

rs

Pz

*3

.Vw

r3

2

3L M

{thausands
balea)

5850
6050
6300
6500
6700
6950
715G
7350
7650
7900
8150
S4oo
8650
8go0
mpwo
G400
9700
10000
10300
10600

Year

1882
83
8k
85

86
87
88
89
1890

91

a2

93

gh

95

95
ar
98
99
1300
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Table K, Part a (continued) Cotton Production, two stages of smoothing

1 2e 2b 5 6 7 8 g9 10 1la 11n 1le 125 12b 13 o4 1
or 4a or 4n : )
Year Cotton Phase Cyole Length Moving Moving, NS B Smoothing Phase BL M Year
Production Folint Years Included in Total Cyellcal o im Tine B Foint {thousands
] Logarithm : Begin MiddTe Ernd Yesrs of Liogs  Averspgs A mm o m legarlithm bales)
B of Logs pLee Ha
o T © On m o
0 oD m
=] e H o] =i}
g O . = TR Q.0
k= Pl - k=l
2 . / = G ]
£ ] m._..w m
A k]
F . 194E 1918-19 191 2 8.13836  %.06918 11726 :
19 11421 %.05770 ﬂww Jw“mm wam.\s. 1519 Hmmm 3 12.25676  4.08892 lze72 11800 4.07188 12450 19
g 15’20 1519 ¥ '45919-20 1920 2 8.18610  &.0D305 12389
1920 13440 4. 12840 Q Jm.mo 1915 “/ 1920 1971 3 12.088669 x.ommmo 10688 11000 4, ol13g 12510 1920
. : o0 top a1 1920 W1lB20-21 1921 2 8.02895  1.01khg 10339
21 7954 3.9005% tog o 51 1520 igz ©o1lo2p 3 12.01853 4.00618 10143 9300 3.96848 12600 21
T 50 o1 1921 1927#22 192g 2 7-89013  3.94506 8812 ty
22 Q762 3.9895% b ﬁmo“mp 1921 1922, 1523 3 11.89816 3.96872 9305 glno 3.97313 12650 22
23 10140 b.00604 tay Ty pp 1982 1023 77 Ages 2 7.99559°  3.99779 9949 10700 4.02938 12700 23
by . NG .
24 13628 5.13%543 2 Poy, 22 1922 - 1924 1525+ 4 16.33697  4.08424 12141 13200  4.12057 rg 12750 24
25 16105 4. 20696 fy1 23 1923 1925 1064 )4 16.60217 4.15084 14143 14600 4.16435 . 12800 25
t57 755 1623 1925 1627°™ &5 20.71465  4.1k293 Taz2l :
26 17978 L, 2547h Top H.mm“mw 1524 1926 1928 "5/ 20.86930 h.17386 14923 14800 4.17026 12300 26
27 12556 4.11247 fon P22 23 1926 1927 1928 3 #22,52730  4.17577 14589 14600  4.16435 12550 27
t 7 P .
28 14477 k. 16068 H.mw fop 03 1927 1928 1929 3 12743414 I, 14805 Woe2 14200 3, 15229 13050 28
talos 1927 1928-29 1930 L 16.57191 4 14275 13891 Pg
20 14825 %.17100 3 53725 1828 1929 1930 3 12,3858, 4.15188. 1187 14200 4.15229 13100 29
. 1 . m 3 N
1930 13392 4,12685 dmw wmm o 1529 1930 1931 3 12.53075 «/ 4.17692 15029 14800 4.17026 {13200) 1530
ron 2304 1930 1930-31 1931 2 8.35015 WL 17957 15121
31 17096 423290 oy te3fny 1930 £1831 1932 3 12.h7375  BC1E7OR 15385 14700 4.16732 (13200) 31
2, Yai'se 1031 1931-32 1332 2 B8.3%691 L 1p3ks 14905
32 13002 L, 114%01 o) Toy o8 1931 1932 1933 3 12,4624 L, 15034 14261 13700 4. 13672 . {13200) 32
. ¥ ’ : N
33 13047 411551 . D52 - fay o5 1932 1933 1933 2 8.22052  A.11b760%. 13025 12300 4.08990 > (132%0) 33
H.wm toy o8 1932 193 193% 3 12.21381  %.o711% {21780 5
3 9636 3.98390 Y5 Toglog 1333 193 1535 3  12.12626  4.0k209 1018 11000 4.04139 tg (13300) 3
35 10638 4. 02686 Wmm‘.mm Hmwm Wwww 36 1937 m mm.p .wmo w.ommw: H\m.u..ww\ 11100 . %.04532 Tg {13300) 35
_ 1 - 1837 16.38167 .05042 12315
36 12399 o I A - ? /42500 4.09691 (13300) 33
: % 1935 1936-37 1339 5 20.54740  4.10948 12867 {
37 18946 ¥. 27752 Pog 25,26 . 3700)  x.13672 (13300) 37
38 11943 4.07712 fog {13200} 4, 12752 : . {13300} 38

1939 11817 y.07251 tog . . © (14h00)  4.15836 (13250) 1939
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COTTON PRODUCTION IN THE UNITED STATES

Calenlation of standard measures of the two orders of cycles.
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Table L (concluded) Cotton Production in the United States

Standard measures of the ewo orders of cycles.

Time Lergth= of the Phazes of the Cygles

. 28 29 :
of Actusl ebout 8L B (the ghort business cyele) - of =ctual frem 3L B (the short business cycls)
AY
7 .
Cycle Lengthy lo Years At Peak At Trough
Number D =3 e Tt tr Year Deviation Year Devistion
v . : 1868 —o
1 - - {8 -6 1870 +30% 71 20
w H.w w “:.m m T2 12 73 3
: . Gy . 75 17 7 11
4 -7 N ._..n\m 3 1.1 =13} 9 g1 10
2 1.9 -7 5 -5 82 13 8} 8
3] .5 .6 .9 vv 1.3 a5 I 86 e
7 .3 A 5 A .5 a7 2 a8 &
8 .5 .5 1.0 L4 rg 91 1h g2 1
2 1.5 .8 -7 o\.xw“_..D 9} 19 55 ”_.m
1q i -5 .7 ¥ i o8 g 95 7
11 1.5 g .5 L5 1900 i 1901 3
. : . '/ 0 19 05 1q
14 .6 .7 .3 547, 06 12 07 7
15 -] T 3 5 Y7 e 08 10 9 18
16 -5 -3 .9 1.1 7 11 15 15 5
17 -7 .7 .8 8 ¢ 14 17 16 13
13 T .7 1.3 1.6 ¢ \ 18 3 19 m
19 5 3 B N \stw 20 25 21 1
20 T .7 .5 .8 7 22 1k 23 5
21 2 .5 3 .7 \\ 26 2k a7 11
22 2.3 1.0 4 T iy 29 L 30 10
% -2 ¢ -2 3 3 16 32 5
.7 . . . ¢ 1 1 12
wm b .6 .7 1.6 Y m_w i —= o8
[m, bl = s Aveardge’Deyiation 12, 4% 8.
Average length .8 yr. B yr. B yr. .8 3o, in %m umw.ﬂ at pesk BE Lt
‘ ) budiness oan " :
Total length of lesl short business cycle 2.8 yra. 3 .
JM& e 33 ¥ ¥ «ﬂAz of 8L B from SL M {the msjor cyele)
of 8L B about 8L M (the major cycle} 188107 + 8% 188 |mm
1 - - 2.0 2.7 1889 777 5 189
2 1.6 1.k 2.7 2.0 1897 a 8 1901 4
3 1.8 1.9 1.7 1.7 1912  { \ 21 1921 26
b m,m m.w 6.0 2.5 1926 iz :
5 . .0 - -
Jﬂlw =T TETE Average Deviation 10. T.4%
Average Length .3 2.7 ) 3. 2. 10 the mejor oyole at uomw et trough

Fercentage Devliatlons

at Peaky and Troughs

Total length of typlcal msjor cycle

12.3 yrs.
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Section 4, CRUDE PETROLEUM QUTPUT. |

COMPARISOK of Kuznets'! trend 1line with the smoothing line SL M (thousands
of barrels)

Kuznets' Trend 8L M
1860 ) 2375 1400
1865 3715 2750
1870 5821 5400
1875 . 9111 10400
1880 14256 18600
1885 22293 38000
1890 . 34837 10000
1895 54380 56000
1900 4718 80000
1905 131618 120000
1910 : 203602 185000
1915 - 312870 298000
1920 ' 476051 480000
1525 o 713709 670000\

P \”\

. N\
Euznetsa! equatlion: v N
N

6,060,606 D

@.01705 = 04471 X)
. (+10 oW

~c
H

v
x inAndts of 5 Yo&rs; origin at 1870.

3. M fits vather closely to the dats; so closely, in fact, that 1t still
exhiblts two cycles. Consegquently® the smplltude gbout 1t should be ex-
pected to be less than about the trend 1ine of Kuznets. BS8L M falls below
the tpend llne in 1860 to 1865y rises above it in 1880 to 1890, and falls
below it ageln after l900.$§ﬁfter 1619, SL M beglns to be pulled down by
the subseguent decline An production. Kuzneta® line 1s almost stralght
on the semi-logarithmic{glart, almost of the type ¥ = K. He has arrived
at hls secondary smogtbing line, which separates hls two orders of cycles,
by using sn elevenfggér sverage prlor to 1902 and a flve-year average
thereafter. This)grocedure, clearly, is due to thse inadequacy of a fixed
length moving avefage. The contour of the major cycles gotten by the two
methods is quit&ddifferent. 8L M, which was shaped to achieve running e-
quality of areds Intercepted, managed thereby to sacure a reasonably reg-
ulsr major gycle, but did 1t at the expense of retalning cycles 1n BL M
itself. FKuznets, on the other hand, made his trend 1ine into prectically
a gtraight 1lne on the semi-logaerithmic paper, and, ag & result, he get a
major cycle which 1s rather & jumble. Poseinly this serigs on the output
of crude petroleum_best_illustratestthe shortcomings of both methods. In
defense of the method of smoothlng by atages, it may he emphasized that
1f the operator ig unwilling to accept &s his secular trend, amoothing
line M, conteining two cycles in the eighty years, he 1s =at liberty to

undertake snother stage of smocthing. )
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CRUDE PETROLEUM OGUTPUT.

The values of the standard deviation, by the seversl caleulations:

From Kuznets'
flgures, based

-on period
1854 tp 162k

Figures secured by the methed
of smocthlng by stages

based on pericd
1861 to 1924

based on period
1861 to 1938

The short

business cycle 13.0% " 9.0% 8.4%
:n\ . N
Yoars included O
(omit terminal o
half-cyele) full 1864 to 1922 1863 to 1936
R
.\:“\,\‘
The major NN\ 4
cycle 16.0% latx% 12.9%
Years included :”:j
{omilt terminal Ao _
half-cycle) full LNT1875 to 1915 1875 to 1925
e
Ny
N
N4
O
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1
Year

1876
77
78
79

1850

1890
91
92
93

95
96
i8y7

Za or 4=

26 or Wb

Cruda Petroleuw

Quipit
ogar

thousands
barrela

9133
13380
15397
19914
26285
27661
30350
23450
ahz18
21859
28065
28283
27612
35164
ksgay
54293
50515
148431

ks

52892
60960
éokrh

3.96061
3. 1z548
418744
L.20178
.41y72

844187

4.48218
43701
438414
- §,33983
W 5L81T
445153
4. 44110
L. 54610
4.66109
N TINTH
k. o3ks
4.68512
| hi6gaak
472339
4. 78504

4. 1158

5
Phang
Point

aycle)

by

ty
Tig
P1p

&
Cycle

T

Table M, part a. {continued) Crude Petroleum Cutput.

8 9

Yearly Figures

1888
-1858
1889

1891

1892

1864

Ineinded in the Cycle

1875 1478
"L i) 1880
.mwmﬁw-qm 1880
187 2/, 1880
m.
1880 hizz o0
1881 1582
1881-82 1883,/ .
1882 1883
e 1
1.
Hmmm 1884
188 1885
1884-65 1885
1865 1886
1886 188
1886-87 189
1887 1889
1888-89 1890
1890 1892
1801 1894
1892 1895
1By3-of 1896
1895 1897
1897 1899

10
Length

.H...D .
isara

LN =g

s

1la
Moving
Total
of Logd

24.25139

mm.mqm:m
2%,838g2
20.89503

17.25081
Hw.Wg 75
.wmrwu
13.89417
w.mmmwc
13.23644
B.75k28
13.09391
8.72377
13.17194
13.23533
Hﬂ.mmomm
£17-88600
7
Hm.aumwv

4

23.0Ra45
32 46481
32.THT10

28.32495

mm.uwuqm

28. 48290

1lb
Moviag
Cyciicel
AVETLRS
of Loga

4.04188

i, 13582
&.17901

A.312740

4.y rop
B
42815
H.zumum
3771
3, 36464
4.36180
1,3g065

4.41311

4. ho2o11
447173

4. 52495

3461929
(bi63e12
{edia

. ﬁdw.ﬁ \ \m 580

4. 72863

4,ThTR

{Table M, part @, is continued on next paga)

55870 § &moc

1le 12a am n:wumu
] oothing
OB Iine B
. ® T logerlthd
MEdm) mn DEAr
REhgm 4%
Cch.”wm WH
Hasd 47
m_r [N ] ‘a
B Wh
[ =]
T2EEE
ME o
o
11010 )
11704 b, oe819
wawo 13200 4. 12057
13800 .
ywwoo 15000 K. 1TADY
15000 4.27875
20540 BEROG L, haesh
28050 28500 §oysh8y
28980
maMMo 28000 4.44716
26680
25830 PERI0 4. Lo6sk
23830
WWHma 23500 4.37107
01g
34580 23800 4.37658
mMmmo 25800 441162
28310 -
29630 28500 4. 4548k
32000 4. 50515
[1+1] :
339 Exgaled] 458820
hBzo L1500G b, 61805
43570 HE500 4, 66T4S
49040 50500 L.70329
53000 4. rakal
54000 b.73239
v
53539 Shsoo  H.7364O
\ /55000 &, 74036
{ 475967

13
Fhasa
Foint

{ma Jor

cycle)

rl

T3

24

3L K
{thousanda
harrels)

11800
13300
15200
17605
18600
20200
22000
24000
26000
28000
31600
33000
35000
37500
4o0go
L3000
45000
50000
53004
56000
60000
54000

1
Yoar

1876
7
78
19

1880
B
g2
83
1
85

87

89
1890
9l
.om
93
ak
.95
96
1897
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Table M, Part a (conctuded) Crude Petroleum Oueput

1 28 ar 4a  2h oor b 5 & T g 5 10 11a 11

. g lie Lo, 12y 13 21 1
Yoor Cruds Potroleum  Fhase Cycle Yparly Figurea Length Moving * Moviog h ot Emoothing Fheae 8L N Teap
quipub Point Iz¢luded in the (yele in Tetal Cyelical g°3y Ling B Point (thouaands
] T Togarilhm  (whort Bégin Feary of Lama  Avsrags h iR P Togarithin  {major baryela)
.m m cyele} of Logy pood mm ) cycle)
E © cm o
ge . ¢ ga38 22
47O
- £ e +
3 W
) 2B S
Y, o TEs
1916 300767 5.47823 Tip,1s 194374 1916 1g1p 7 38.37645 5.4%8235 307600 300000 547712 325000 1916
17 335316 5.52505 1y - " 385000 5.51186 y 350000 17
B 1916 “a827-18 1920 5 27.75418  5.580 355500
18 335028 5.53625 MR LRE 2 5, ? 355000 5.55003 380000 18
19 3r8aTe 5.57792 T, Tiy,15 1918 ”Gu.m .\: A980 m 16.75050  5.58350 wmwwoo 390000 5, 59106 k20000 19
nu._r.“_.m 1518 1515-207 F521 2248661 §.606RG 04300
1920 hhzgzg 5.64633 Pig ' - Ay N e ] ' m. hagaog 5.62839 50000 1920
F > 1 1920-217163, . 22,64y 5. 6611 300
21 4re1s3 5. 67411 e 15,16 191 P4 PRI 5 3 i 455000 ", 6oUBI y 490000 21
. i P 1920 © 1921-22 1923w & 22.9314%6  5,73086 540800
22 557531 5.7he2T r1g wwm“wm 1921 1g22 1923 .\N " 17.28513  5.78171 77700 560000 5.7k810 530000 a2
23 732407 5.86475 g Co%ym,1g 1921 1323 1925 m } 20.0217%  ©.80435 637300 610000 5.80618 S8cooo 23
24 71340 5.85366 ¥ rgr Isee 1o 1926 5 “74 29.23861 5.8692 702900 710000 5.85126 625000 2
25 TEITAHZ 5.8B295 . wwm_ﬂ Wme Gmw o 1g07 m A . .mo.EmH m.m%& 7 mmmm 750000 5. 885081 " 670000 25
] 1925-26 192 /2. . 7845 ;
26 Tro8TH 5.88658 - 16 716,17 7 92T .‘.w..mq 3855959 810000 5.90848 {720000) 26
I - . Z
27 g01leg 5.95473 B0 tyg 1y 1926 197 1gad 3 17.76672  5.9322% 855500 865000 5.93702 py (760000} et
: ol x50l 1%2r  1Ser-e8 198 ] 11.9047  5.95%87 941300 - g o8
28 901474 5.95495 ﬁum Tirl1g 1927 1828 1629 3 17.0188¥"y5.97097 935500 930000 5.96848 {80000}
T No/ -
49 1007323 6.00317 | uwm f17,18 1928 1929 1480 2 11.95812 .\wﬂmom 552900 950004 5.gr77a {Bsoo0O} 29
1930 898012, 5.95328  © fi5 typ g Smm 1830 mem 7 mm,wwmmw m.eh%mﬂ mmmmmm 920000 5.96379 £ {govmoo) 1930
. r a2 1530-31 1332 23.78138  5.Ghe35 .
3N Bsl08T  5.92997 Pigll 1929 1831 193 5 29.73830 584787/ . GBERo0  .BB000O 5. 94445 (960000} i
32 785158  5.86456 t15 Tia,ze 1930 1932 1933 4 23.75517  5.93879 W/ 868500 850000 5.52942 (1010000) 32
g . L Qo . ,
33 905656 5.95696 B3 tigag 1932 1933, o3 3 17.800k  5.93668 mmmwoo 879000 5.93952 {1070000) 33
r g’ 1933 1333-34% 1§ 11.91508  5.9575 90
34 Y0865 5.95812 aww uww.wW 1933 Gwm 1935 3 17.51360  5.971E0 mmmmmmV . 910008 5.95904 b, {1130000) 34
Top  Tiglap  193F  1934-35 1935 2 11.9966%  5.97832 951300 .9 {1180000) 15
35 996596 5.99852 Pog  trolan  193% 1835 T 1936 3 17.98790  5.9g9557 990800 © 4/ 380000 5.99123
20 Feolpl 1035 1935-35 1936 2 12.02978  5.01483 1033000 J (12kono0)  ° 36
36 1059687 6.03126 tag wma “ 21 ummm w.mwm Wwwq w 18, ummﬂm m cmmmﬂ pwmﬁ.wwmm 1106400 6.04139 )
. *. 393 936-37 1937 > 12.1381 06005 11 {
37 1279160 6.10692 WWW 20,21 3 ? (119060} 6.07555 {1280000) 37

1938 1214355 6.08435 e - . (1290000 6.11059 {1350000) 1938




. nh_« .E
00899 041285 LGOBL #OT a1 HE6T 92-5261 - LI6T g
COETTS Hpmom\um . 0DROGL 20T *H 0g6eT Z2hT ETHT E xu

AN ‘
00T98E 69986 ), 60L4T 90T 61 Le6T 8T6T 6061 fi'€q
M : . ‘
000922 : tnasrs M €66T0 " 16 i1 0261 2161 06T L
00HLET 66961°G v ogetl g6 6T LT6T go6T 668T ey
009TT 29L70"S ,\w.s“. Lgnue - G6 61 £16T 7061 c6gr s
7 ‘
06108 2THO6 " 1 ) 0100 €9 I gO6T 0061 266t %
00019 9£58L & “Bagoatal  oT HO6T 9691 6881 t'ey
0EGSH TEQSY \ L8815 59 T 668T 2681 988T £y
i [
00T9E RGLSG 4 26261709 8 %681 6891 . 788T €2
Le+zg 060TG" . G66T9 64 4, TT 268T LggT 288t ¢ lq
. . ¥z £
2gLSe TETTH & 6OETT k| /T 88T 18T 6191 ¢ la
G9gST . Y002 " % 0150885 ﬂdw\ SR8t 8L8T 2lg1 2Ty
"6 2L656°€ Litgarcl et £89T nigt Sqt ety
O
Vs

( sTodaeq . B &

EDUESNOL ) 7Y
AW sdo1 JoO g e Jo g

OTELOWOSD eduIaAy sg07 IO sIEak ﬁ\ﬁ% STPDIN upSeq

TBOTT24D TE2TTOAD 18100 ut .w...«w. aT2£&] 2U1 UT PODATIUL
FUTAOKH SUTAOH SUTAOH ugEusT /e goandTd LTaesf eT2£)
261 a6t : =61 . 8T Vs \\ 91 a1 HT

3 pue { Saqe], UT SE pAl3quiny SIMUno’y
Sunpoows yo ofers puorss Y1 Joj suoreRMO[E oY1 Jo ed q wedg L.

“LNdLNO WNTTOWLAd IANyD "W 9L



1,500,000

1,000,000
900,000
800,000

60

700,000
moo 000

500,000

400,000

300,000

200,000

100,000

M

e : . “_ e

\\x ,1 | ~ CHART 20. |

., CRUDE PETROLEUM OUTPUT IN ._.I_m
7, UNITED STATES, 1861 TO 1938.

THOUSANDS OF BARRELS

bzzc.p_r oc._._uc._. AND _.u_mm.ﬁ STAGE OF SMOOTHING.

[ [ [
Sources \ ZHEQH@H Resources of the Unlted Stestes;
and Mmm%UoQWm of Commerce.

_"i.

Legend: eﬁm mﬁodﬁ mﬁﬁmwmﬁﬂ lines connect polnts

which show mouosn@ annual output.

iy

The dashed curve®ds Tentative Smoothing Line B.

The small circles,”7she moving cyclical sverages.
The solld curve withy/dotted ends, final SL B.
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PERCENTAGE RATIO:

LOWER ORDER TO

HIGHER ORDER LINE

(
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OIbw._. 22.

CRUDE _um.wmo_umc_s OUTPUT IN THE UNITED w._.b._.mm

O<O_|mw _BASED ON THE RECORD 1861 TO 1938.

160% \ degend: The short stralght lines connect
.coHDﬁm which show the short business cycle,
140 \)/ th@sratlio of the annuel output to SL B.
. _ ewm‘dcﬁ<m shows the major cycle, the ratio
i A [\ __ow S8 to SL M.
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1
Year

2 {or 4}a
Crude Petroleum
Output

1=
Amoothing
Iine B

{thousands of bsrrels)

2600
2880
3170
2500
3900
4350
4500
5650
6700
7900
9100
10400
11700
13200
15000
19000
25500
28500
23000
25500
23500
23800
25800
28500
32000
7000
L1500
k6RO
50500
53000
54000
54500
55000

,H_.mEn N.

24
Smoothing

\vpsm M
-

10400
11800.
13300
15200
17000
18600
20200
22000
24000
26000
28000
31000
33000
35000
7500
0000
43000
LEQ0D
50000
53000
56000
£0000

CRUDE PETROLEUM OUTPUT IN THE UNITED STATES

Calevlation of srandard measures of the two orders of cycles.
Based on the record 1861 to 1938. Three m.smam
Columns nembered as in Tables D and E.

25 26 27
Retlo Percentoge  Devistlon
Actusl Devistion Squsred
to 8L B
%
v A The short businsss cyele
.\mwv
s
)
gr// -19 361
87 x\. ) .w& wmw
11 & 1 5
o vy T i 16
G4 N A G - 36
o7 7 3 el
107 4, 45
92 - 87, &l
gl - 697, 36
125 +25 7. 625
120 20 7 0o
2 g, ®
7 -pz ¢
101 . HH /N w
103 3 W
105 +5 v
103 +3 2
o7 -3 A o
110 410 10080
92 ~ 8 \mw
10 + o
mw - w al «W,.a
How ¥g mw Avv
9 -1
B& -14 196 \
25 - 5. 25
110 H10 100
117 +17 289
100 . Q mm
g1 -9
g1 -9 Bl
a7 -3 9
111 +11 121

30 - 31
Ratlo ‘Percentsge
5L B Deviation
to SL M

%

w—The me Jor cycle

100 4]
99 -1
99 -1
99 -1

112 +12

137 +37

111 41

128 F23

106 &
90 =10
85 -15
83 -17
84 ~14

7y 91 ¢
“en +

108 .. .H g

114 10

.Hom(\\ + 5

102 + w
g7 -
92 -8

a2
Davilation
3quarsd

1
Year
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Table N (concluded) Crude Petroleum Output

Standard measures of the two orders of cycles,

Time Lengthe of the Phasss of the Oyeles

28 .
of sctual sbout SL B {the short buslness cycle)
Cycle \s JLengthe ian Years
HNumber b 3] mw&““ & t
.  ,
1 Y7 .9 1.3
2 R .G LY R 1.3
3 T N A" 9 .9
L 1.2 1.0 &S A2 2.4
5 2.0 .5 A5 A
& 7 Wk ol 4
i -5 -5 £/ i
w .a 1.0 -2 1.1
1.7 1.3 1.9 ) 1.5
10 1.0 1.2 2.2 \.\L 2.0
11 2.5 1.5 .5 S D
12 fl.2 .8 -6 o
13 1.0 .9 .6 /8
1% o 2.1 .7 AN
15 1.0 .5 .5 147,
16 1.0 -3 2.0 1.07 4
YA 5 .5 B A Y%
18 .5 7 2.0 -8 4,
2 2 1 i 3 7,
Ayerage Length ~I gr. .G yr. T.G yr. .9 yr. ﬁ\\}
’ £/
Total length of typical short businsss eycle 3.8 yrs.
33 -
of 3L B about 3L M (the mejor cyels)
1 2.5 - 1.8 2.0 3.5
2 3.4 2.7 4.3 5.0
3 4.5 k.5 4.0 3.8
L £.3
Average Length .2 Fre. 3.0 yra. 3.5 yra. T yra.
Total length of typieal major eycls 4.7 yrs.

Percentage Deviations st Peak and Trough

29
of sctusl from HL B (the showrt business cyele)

At Peak i At Trough
Yoer Deviation Year Deviation
: 1864 -19%
1868 +12% &3 6
7O 7 71 8
T3 25 76 22
79 5 81 3
jatel 1a- 83 8
B 3 g5 8
a6 9 83 1%
91 17 a3 9
a6 11 92 12
1905 8 1906 3
08 2 o9 4
10 2 12 g
17 3 i 5
20 4 21 5
23 14 26 5
27 4 28 3
29 [ 32 8
33 b 34 o
1835 2 1636 9
Average Devietion 12.4% 8.84
in the short At pesk at btrough
business cyele
AN
O A
£ 7
..m\¢“
)
v/ 3 _
s of SL B from SL M_(thé major cyole)
a1, o 1886 -17%
1862 . - 10 1899 12
19080/ 13 1916 _8
Aversge deviatlon 21.7% 12.3%
in the major cycle at peak 8t trough



111
Section 5. PIG IRON PRODUCTION.

COMPARTSON of EKuznets' trend with
long tons) the smoothing 1line 8L M (thousands of

Euznets ' Trend aL M
1855 517 ‘ 470
1860 } 769 ST15
1865 1140 . {1080
1870 . 1684 1660
1875 2475 2420
1880 3610 3430
1885 5209 4850
1890 Thok 6900
1895 10312 9800
1900 13991 13600
1905 18381 18300 N\
1910 23268 23600
1915 28306 29600 (N
1920 © 33104 34600\ ¢
‘
Kuznets' eguation: ’ o ..,:\""
So403 AN

y =
. ~Q¥i7431
{H0(1'80387 a? <)

®d

x in u;rid:s of 5 years; origln st 1860.

ol
ny
> 3

N\ .
THE agreement in the trend lines opta,\ined by the two methods I1s falrly
close. BSL M, from 1880 to 1900, & s below the value of the trend line.
The major cycles obtained by tha two methods sre similar.

THE amplitude celeculated f@;{“ﬁhe method of successlve smoothings, based
on the period running t J_‘SBQ, tekes In the violent displacements of the
recent years, and is cpé*e"quently quite large.

o\
QS
N
N
’“\ N/

N\



Table P. PIG IRON PRODUCTION IN THE UNITED STATES, 1854 TO 1939
Two stages of smoothing.

. .Souroes: Mineral Resources of the United Scates; Yearbooks of Commesce.

Part a (six pages)

1 2a 2b 5 6 7 8 9 10 1l
or ha or 4b
Yeoar Output of FPhese CUycle Yearly Pilgures . Length Moving
Pig Iron Polnt Included in the Cycle in Total
w w . logerithm  (short Begin ¥iddle End Years of Logs
'% g eycle)
25y
o
28
1854 657 Q.
55 700 2.84510 Ty O\
56 789 2.89708 B O
57 713 2.85309 £, oz 1855 1857 1858, ) b 11.39461
58 630 2.79934 t,  Py,p 1856 1858 ~1860 5 14.33949
59 751 2.87564 rp, fyp 1837 1859\ W 1860 i 114241
7% \d
1860 - 821 2.91434 ?2 ty,2 1858 6o 1861 R 11.40423
é1 653 2.81491 tg rp,3 1859 ¢ :t 1861 1863 5 14.37922
62 703 2.84696 P23 18680 1862 1864 5 14.50962
'3 1861 1862~63 1864 L 11.59528
63 B4& 2.92737 Ty t2:3 1862 1863 1865 y 11.70049
64 101k 3.00604 23 T30 1863 1864 1865 3 B8.85353
65 832 2.92012 ©3 \g;;,{ 1864 1865 1866 3 9.00751
I‘)+ .
., 081 N\, T 1865 1866 186 G.11708
66 1206 3.05135 O tg’i 1865 . 1B66-67 186 % 1237575
&7 1305 3.11561 Ny Ty : 5 1866 1867 1868 3 9.35260
' ' 7\
. 1 L1556 Ot D 186 1368 1369 3 9.50450
8 13 IOV ok fe? 186 1ses-ep 1865 2 B.388E9
1711 .2 P '
6 M 3-23%3 2 4y, 189 1869701870 2 642460
1870 1665 3.@2&1 T5'% 1869 1870 1871 3 9.68689
71 1701 \3.23223 t; D5 1869 1871 1872 4 13.09326
T
72 eshg 3.10637 & g, 80 182 1874 5 16.64881
p ¥
73 2561 3.40841 6
74 2401 3,38039 g tig ,6 1871 1874 1876 6 20.00522
75 2024 3.30621 rg 7 1872 1875 1879 8 26.88932
76 1869 3.27161 .
77 2067 3.31534 6§ pg, 1873 1877 1882 10 34.33806
78 2301 3.36192 o
79 ‘a7he 3. 43807 'r._l, f6,7 1875 1879 1883 g 31.22164
1880 3835 3.58377



112

PIG IRON PRODUCTION

The values of the stendard deviatlonm, by the several calculations:

From Kuznets' Figures sescured by the method

figures, based . of smoothing by stages
" on perlod o
1854 to 1924 based on perlod based on period
1854 to 1924 1854 to 1939
The short
business cycle 14.8% 13.15% 16.6%
LN
Years included . O
(omit terminal AN
helf-cycle) full 1857 to\1g922 1857 to 1937
<&
The major _ NS,
cycle 10.0% :”bj 9.0% 11.0%
x\‘
Years Iincluded AV
(omit terminal \ >
helf-cycle) full o8 © 1B67 to 1919 1867 to 1929
<
e
LA



Table P. PIG IRON PRODUCTION IN THE UNITED STATES, 1854 TO 1939

Two sages of smoothing.

Sources: Mineral Resoutces of the United States; Yearbooks of Commerce.

Part a (six pages)

1 2a gb 5 6 7 8 g 10 1ls
or #a or 4b
Yoar Qutput of Phase Cycle Yearly Fipurez . Length Movling
Pig Irom Poink Included in the Cycle in Total
n w Togarithm  (short Begin Widdle FEnd Years of Logs
E 8 cycle)
+
[y
g8
A A
1854 657 N\
55 700 2.84510 Ty O\
7NN ©
56 789 2.89708 P A \,
57 713 2.85309 £; rpp 1855 1857 1858 4 1130461
58 630 2.7993% &, Ppy,p 1856 1858 . \(4860 5 14.33949
5g 751 Z.8756% ry, f1p 1857 1853\ )y 1860 4 11.44241
1860 - 821 2.9143% P2 f1,2 1858 _ ¥866 1861 ¥ 11.h0423
61 653 2,81491 tg ra 3 1859 (1861 1863 5 14.37922
84696 1868 1862 1864 5 14.50962
62 03 2.8469 ?3’2 1861 1862-63 1864 y 11.59528
. 63 8k6 2.92737 . T3 t2:3 3;;’862 1863 1865 I 11.70049
64 1014 3.00604 3 T3 ’{; ’1863 1864 1865. 3 8.85353
1 4
65 832 2.92012 t% \€3:‘¥ 1864 1865 1866 3 9.00751
I‘u_ .
X 186 1866 186 3 9.11708
66 1206 3.08135 Py g3 1862 1866-67 186 i zepep
67 1305 s.11561 N rp’s 1866 1867 1868 3 5.35260
' : D 186 1868 1869 3 9.50450
6 . L3l 3- 155 Q% Ii’; f08 186 1868-69 1866 2 6.38689
69 171l 3233\25 ‘Eg ty 5 1869 1869-70 1870 2 6. 45466
1870 1665 3.28141 re’% 1865 1870 1871 3 9.68689
72 2549 3.40637 "6 s 6 1870 1872 1874 5 16.64881
2561 3.40841 °6
73 .
74 ekol 3.38039 s tg g 1871 1874 1876 6 20.00522
75 2024 3.30621 Tg 7 1872 1875 1879 8 26.88932
76 1869 3.27161 N
77 2067 3.3153% 6 pg, 1873 1877 1882 10 34.33806
78 2301 3.36192
2216
TG eThe 3.43807 o £6,7 1875 1879 1883 g9 31.22164

1880 3835 3.58377



Table P, Part a (continued) Pig Iron Production, two stages of smoothing

12b i3 208, 20b 24 1

11b 1le  12s
Moving Ry Smoothing . Fhass Becond Final Yenr
Cyeclical o828 Iine B Point Approximstion 8L M
Average o l-Roky w w Togarithun (major to 2L M (100018)
of Loga 020w 94 cyele) TEw Togarithm long
CI?E o B o & gy tons)
o ar ;’ g g-p
fEA. 9E 2%
TR w® He g6
e e
a 5 .
{700} : o (#35) 1854
(7o0) AN ete. 55
. r\“"
(700) O : 56
2.84865 706 700 . N 57
2.86790 738 700 - . M'\;.“ _ 58
2.86060 725 705  2.84819 £ v - 59
Al -
2.85106 710 720  2.B5733 .*.:\g 1860
P m —
2.8758% 751 Tho  2.86923 AV E g\ 61
2.90192 798 77O 2.88649 &\ H ™ 62
2.89882 752 5 o
2.92512 8h2 830 2.91908¢\" e g 63
N\ g
2,95118 Qo 880 2.94448 tq = - G4
o kS B
3.00250 1006 950 2w 0TTTR. 3 3 65
3.03903 1094 1080, "\3.03342 2 o 66,
3.06818 1170 e o 3
3.11753 1311 1308 3.11394 ri 2 o a7
¢ N \ a — N =
3.16817 1473 52800 3.17609 w &0
3.19445 1565 & g
N 1650 3.21748 69
3.22733 168 a
3.22896 | 1894 1300 3.25527 . P, L 1870
.“\"
3.27332¢"\\876 ‘1900 3.27875 71
3.32976 2137 2040 3.30963 - T2
2120 3.32634 - 73
'3.33420 2159 2220 3.34635 ' i 74
. i :
3.36118 2297 2350  3.37107 e 75
2450 3.38917 76
3.43381 2715 2600 3.41k97 ) ' _ 7
) 2800 3.44716 . _ 78
3. k6007 2945 3000 3.47712 t2 ste, 79
3270 3.51455 ' 3430 1880

{Table P, part =, is continued on- next page)



Table P, Part a (continued) Pig Iron Production, two stages of smoothing

Year

1881
82
83
84
85
86
87
88
89

1890
61
g2
93
ol
g5
96
a7
98
99

1900
01
a2
03
o4
05
06
a7
08

1909

6 8
utput of Phame (ycle TYearly Flgures ?
_Flg TIron Point Included in the cycle
B logarithm Begin ~ HMlddie ¥nd  Years
n 5
g-&-‘
5
o
g
414y 3.61742 tg, 1877 1881  188% 8
k]
623 ‘3.66402 P 8 N .
1880 1992-83 1885
4596 3.66238 7,8
£
5098 3.61257 | p g 1882 1884 1886 5\
Loks 3.60692 7 , ??
. _f% 8 1884 1885-86 18878 "%
5683 3.75458 8 ’ G
t7 8 1885 1886-87 1868 4
6417 ©  3.80733 g ’ WA\
fg rgg 1886  1887-88°/xB89
6490 . 3.81225 tg ! P\
o 9 1887 1888-689 1890 4
7604 3.88104 rg 8:9 1888 1§89 1890 3
20 .96393 . D t 1889 1890 1801 3
? 3 3.96393 fg rS’?O 1890 ¢\ *1890-91 1891 2
8280 3.91803 tg Dyl 18900% 1891 1892 3
) g fg’lo 1801% 1801-92 1832 2
1 3.86175 T ’ '\
s A maonz e g
12 .95279 G
7125 3:9 pl§€§i 1892 1893-94 1895 4
6657  3.80328 t10  &Jo’11 1893 183 1895 3
Ty g
oML 3.97525 ?15}\ t1o,7 189% 1895 1896 3
8623 3.93566 (N Ty 1p 1895 1896 1897 3
ANGIH ’
6 98466, N D 1895 1897 1899
9653 3.9 O 11032 18%6 189798 1899 1
1 }.07092 r !
1774 &:1399 12 t11,12 1897 1898-99 130Q 4
NLgs2l .
13621 HNBh . ?ig r15,13 1808 1899-00 1901 4
. t ’
13789  4.13953 . 13 1899 1900-01 1902 4
0 L]
15678 h.2003 ¥13 f12,13 1900 1501-02 1903 4
) 4 1901 1902 1903 3
1762l h.23098 P r73’q0 1901 1902-03 190k &
18009  4.25549 £13 ’
16479 14.21693 312 b3 1y 1993 1904-05 1906 4
20992 4.31616 . rp3oyy 1908 1905 1907 4
t 1904 1906 1508 5
25307 Y. 40328 P1y r%ﬁ’%g 1305 1006-07 1908 5
25781 4,41132 iy ?
15036 4 .20238 th p14,15 1g07 1908 1809 3
25795 441154 r15 1908 1908 1910 3

10
Length
in

1lla
Moving

Total
of Logs

-25639
Q!

174798

30137

L78140
.93108
.D5520

JAehss
B5TRR

.76300
.88196
.B4z71
.B87978

81454

11.63782

20
16

16

16
16
16

17.
17.

21,
17.

13

13.

61307
.65132

L3419
-89557

.10070
.12545

.32932
16.
.T2497
Blees

LTO6T2
.92365

54496

19182
34765

55003
33310

08524

0”015



Table P, Part a2 (continued) Pig Iron Production, rwo stages of smoothing

- 4

1ib 1lle 12g 12n
© Moving b= Py Smoothing
- Cyelleal © 24 Lins B .
Average j g _E.,"_g v Jogarlthm
of Logs ?-,E: 8 a g ’
> ¥ 2+
D85 ERY
gRAE" od
geHm 58
5 g wo
x2R3
o 4
3.53205 3404 3550 3.55023
3850 3.58546
3.62466 4214
4200 3.68325
3.66027 LeTh 5500 3.65321
5900 3.69020
3.69535 kgn8
: 5400 3.73239
3.74527 5562 _
6000 3.77815
3.81380 " 6B13
6900 3.83885
3.86614 7348
3.8857k TE8T 7700 3.88649
3.92100 8337 8400 3.92428 .8
3.94098 8729 NN
3.9%790 8870 88co 3. 044488
3.93989 8ro7 N
’ 8200 3£91381
3.90727 8oT7 ~A\
3.87927 7573 7500 , ,{ 3.87506
3.90436 8023 \\
3.88377 7652 7508, 3.87506
3.91140 8155 ~8=00 3.901381
3.96519 9230 "<:\9200 3.96379
4.0201%  1047% § ¥ 10200 4.00860
¥,03136 10748
R\ 11400 4.05690
4.08233 ,.22087 n
) 12900 4.11089
4. 13624 N\ 13685 _
- 145400 4.15836
§.18124 15179
15700 4.19590
h.21156 16277 -
4.23557 17202 16300 4.,22789
4.23091 17018
18200 4.26007
19400 4.28780
4 29796 19860 7
4.33691 21722 20500 4.31175
3.31001 20420 21100 4.32428
3.33328 o1yl
21700 L.3364h6
4,34175 21966 22100 k.34439
.35005 22390 23200 4.36549

13 20s 20D 24
Phase Becond Final
o, _lemmene .,
¢yele} ~ mE  lpgarithm  long

EE o)

R L
88

3690

\3950

,\:\ 4os0

O w00

RS 4850

\‘ © 5200

RN . 5600

\ " 6000

N als0
“pz 6300

7400

£, 7900 3.89763 7900

B450  3.92686 8500

ts 9000  3.95424 9100
9700 3.98677 9800

10250  4.00072 10500

1i000 4.0k139 11200

"3 11700 k.06810 12000
12500  4.09691 12800

13300 %.12385 13600

14100  4.14922 13400

15000 4,17609 1R300
15800 4.19866 16200 -

16700 4.222?2' 17200

’ 17500  4.2430% 18300
18500  4.26717 19300

19400  4.2B780 20400
Ieoéoo 1.30750 21500

p3" 21200 | k.32634 22500

{Table P, part a, in gontlinued on next page.)

1
Year

1881
82
83
84
85
86
87
as
89

1890

.91
92
g3
ol
95
96
97
98
99

1900
o1
02
03
ol
o5
06
o7
08

1909



Table P, Part 2 (continued) Pig Iron Production, two stages of smoothing

1 2a or 4a 2b or 4b 5 é 7 8 g 10 11n
Year output of Phase Cyele Yearly Figures Length  Moving
Plg Iron Point Included Iin the Cycle In Total
o Togarithm Begln  Middle Eid  Years of Logs
N
o8
=]
w kD
2 g
o
e}
13
) 1y 1508 1909-10 1911 4 17.42398
1910 27304 443623 b1y r15’%2 1909 1910 1911 3 13722160
f r .
11 23650 4.37383 t%g ms,16 1910 1911 1512 3 13.28321
12 29727 447315 6 -f15 16 1911 1912 1913 3 1383786
: t15,16 1911 1g12-13 1914 4 17.70581
13 30966 %.%9088 iars oA\
f1g mg,17 1912 1913-1% 1915 4 O 17.80788
1% 23332 4.36795 Y15 ) .
15 29916 © 347530 ry | P§,17 1913 1915 1916 ¢ 1+ 17.93061
' &
16 39% }.5g588 . f 1914 1916 1908 5 22,61823
oo :ng ¥ 1omw  1916-17 1919 6  27.10980
1 8621 4.58682
T3 ' > T 17,18 1916 1917-18\ 1919 Y 18.26595
18 390 }.59168 -
39057 flT . 17,18 1517 1918,—19 1920 b 18.23740
1 101 414915 % X
9 3 5. ot rﬂ; f17,18 1919 ’».“1919-20 1920 2 9.05830
1620 365926 I, 56733 1;18 t17,18 FOLO\\ V1920 1921 3 13.28130
15 . N
1 0. % 1g20 1921 1922 3 13.22462
01 16688 4.2024 18 Eg%g L1020 1921-22 31823 g :{gggggg
3 T 1521 1922 23 .
22 ereeo k43489 Tig t%g}%«g\ lo21 192223 192% kB 17.82793
23 ho3bl 460596 P19 K3 \9 oy 1822 1g23-24 1925 b4 18. 10254
2k 31406 4 40701 119 ¢ \ p19 50 192ﬁ 1924 -25 %Qgg b %ggg%g
192 1925 9 .
e5 36701 H.50M6D rg"i“ t%g 20 1gen  1925-26 1927 Y WSt
26 39070 459188 \;}20 rogp o1 985 1926-27 1928 b 18.30116
er afse6 45630 o ppo 21 1926 192728 1929 A 18.36603
28 38156 ¥ '58”\56 T2l gy oy 1997 1928-29 1930 A 18.27596
2o neSl W25 Pe boo,cy 1927 192930 1932 6 26.48493
1930 31752 4. 5aLTT
21
5118426 42658 o1 pp 1925 1931-32 1935 8 34.58495
32 8781 3.94354 Tzl .
1929 1933 1936 8 34.49516
33 13346 4.2853 se 195 1833-3% 1937 7 29.93353
34 16139 4.20788
29.95052
35 21373 i 52987 Too t21,22 1932 1935 1938 T 9.9505
36 31029 L 49177 ]
1 y i7.
37 37127 I, 56969 ?22 rap,23 1935 1937 938 7.67375
. - :
38 19161 y, 28242 ta2

© 1939 35317 r23




Table P, Part a .(concluded) Pig Iron Production, two stages of smoothing

123 12b 13 208 20 2% 1

11b 1l
Moving :43‘5 =N Smocthing Line B Phegs Second Final Yesr
Cyellcal 54 g w m Iogarithm Polnt Approximstion SL M
Average i@ O¥ g 8 {ma jor to SL M {1000's
of Legs = & ERN cyele} w m logsrithe  Ilong
©L85 o B =B : tons )
i & ’g g a+
O RH i g E’Js
-l T 7 T l‘é?
o e [s]
O oo =N+
ey -] 3
I ]
(SR
4.35599 20695
4. lkor20 25539 24200 4.38382 22300 4.34830 23600 191¢
4. 42140 26388 25600 L. 40824 23200 Y.36588 24700 11
b bl5gs 27922 27000 4.431386 ' 24200 4.38382  adglo 12
thoths 26696 A o
. 28000 4.har1s 25200 4. 80140\ 27000 13
4. 45197 28312 ) NS 7
. 29700 E hrov6 26200 §.4183% 28200 14
B 48265 30384 31400 kL ug6y3 27200 YalghEr 25600 15
. 4 '\'
4.52365 33392 33000 4.518R1 28200 .“?h.45025 3060 15
4.51830 32084 _ v '
35000 4. s5hhoT 293904 Y. 46687 31600 17
L .5664Y 36850 . K9\ :
36000 4.55630 3RHGY 448287 32500 18
¥.55935 36253 , ) N\
24500 h.53782 300 4.hos54 33700 19
4, 50085 33842 ) SN )
4 hoTi0 26736 28000 kL abvié O 32200 h.50786 3400 192G
4.h50821 25508 26500 4one3en W\ 33000 4.5185: 35200 21
4.45865 28751 N )
k.42108 26368 27000 b k31360 ty 33400 k.B2375 0 35300 22
4. hR658 28540 o\
acdoc 4 apedy Ty 33600 h.s2e34h 34900 23
452564 33546 B\ '
_ 24000 M. 53148 : 33000 }.51851 34300 2L
4. 56487 36717 e : :
4.55118 35578 3ekouNMJ4.56110 32300 b,sogzc 33600 25
4.55415 35822 N\ :
3?@@‘ bLe77hg 33400 L hgAo3 32800 26
4.57529 37609 \8 ,
. 288000 L.57978 Dy 3choo HLAB2ET 0 31700 27
4.59151 39040\ _
SN 37800 bo5TThe 25000 4.45245 30200 28
4.57399 37405 dose b.saiig s bhous o8
} 2 L5314 27760 eyl 25a0n 2
4 h1k16 %951 ) : I . 7
27000 443136 s 26500 . hazes (27300) 1930
21000 4.32220 25200 L.oboleg {25700 1
.32312 21043 (25700) 3
18000 Y oeEnT - 2hooo b,38021  (24300) 3z
4.31180 20506 17400 k24085 £ 22800 Lozsrol {oanco
4, 27622 18885 % 5 35794 (23000) =
18000 b.es527 21860 4.33845  {21300) 34
427850 1898¢ 19300 4. 28555 21000 4.32002 (20.000) 35
21700 4.33646 T 20000 4.30103 (z2co00) . 35
4.h184%y 26208 24000 ' ' - (lgeco) 37
{26500} _ {18600) 38

{28000} _ {180006) 1939
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PERCGENTAGE RATIO:
LOWER ORDER TO
HIGHER_ORDER LINE

PIG IRON PRODUC

GHART 26.

O{Ormm BASED ON THE RECORD 854 TO 1939.

TION IN THE UNITED STATES.

140 B L _ _ |
. A T/ \ N AV A # ]
oo\ NG, ] 2/ N A [ N7 :\\L
VI VYN \\i V4@V ILRVER Z\
“ N N R 0 LA
i ”u.\m.. < 1\
m Legend: The short wwwmwmwﬁ lines <
€0 connect points which sHew the short :
busilness c¢ycle, the ratidrsef the
-annual production to SL B. \
The curve shows the major o%awm\vnﬁm
ratio of 3L B to mﬁ M. 2,
“0 | 1 i Al o, |
1860 - 1870 1920 1930

1880 1890 oo e S




9 NOT

SNOL

> %09
\ - > e > °}om
) ) ML ,
A > A \\/ ﬁ Al > %001
R AR IRV
SSINISNS _ 7N
0, —
N 9 v N AL LS 17
; L B at 000,008
*HTOR0 FHom.mE ,,ﬁu Ul
pug aT0AD EE0OUTSNG 3J0Us oUulL ‘q p&mm;
FpUOTY 03_5.. ¢ A ;‘.m“_wA 0000002
-"0T oua pus ‘{ FOJINUTI | S30UZNY WO.LJF % _ 7 % A
pPGIBTNOTHD v PUSIT O9TIPRPOWINIUT OUyl 4 = - _oooooon
fgoan@T ] uoljonpoad Tenuuw ol ‘& 3J48d B i { loocooay
_ | -
N u 8 | __%M.%%
| £ _
> & . Tigogect
A _ “ ! _
0 .: . | —Hegoeos
; 'SLINZAN WOMA mmjo»o oZd SANZIHL HlM
| .
CEFTRNA BECTETT ‘$261 OL $G81 ‘SILVLS Q3LINN IFHL —Heodoodoz
_ __ 1SI90
sy || ST NI NOLLONAOYd NOHI 9id o oodoc
IRV 22 LYVHO .I_ﬁooo,ooo.?
6l ozl6} ols| 008 0g8j oslsl 028l oslal 088100000005




Year

25 or 4o
Jutput of Pig Tron

6857
700
789
713
630
51
21
653
703
846
1014
832
1206
1305
1431
1711
1665
1707
259
2561
! 2401
2024
1869
2067
2301
2742
3835
Lihy
L4e23
4596
4098
Lo4s
5683
&7
6490
TH04
9203
8280
9157

Table .O. PIG IRON PRODUCTION IN THE UNITED STATES

Calculation of standant measures of the ewo orders of cycles.

12a
dmocthling /
Lins B Sy

{thousnndz of long tons}

OO

&

24

Smeothlng
‘Line K

A
7

Y

Based on the rocord 1854 to 1939, (Three pages.}

25 26 27 30 31
Ratlo Percentege Devlation Ratio Percentage
Aetual Devistlen Bquared 3L B Devlatlicn
to AL B to 3L M

% %

The sheort busingaa syels.

102 + 2 4
90 -10 10
107 7 ha
7114 +14 196
74 mm 1z 145
W -9 a1
W”_.m‘ ?, H”_.m mmw _The major cycle
BBA/ +-12 1hi
112 4 1%y
100 70 o 102 + 2
a5 2, - 25 107 + 7
104 +%7 4 16 109 + 3
93 -7 by 108 + 3
80 0 4 100 106 +6
125 +25 {/ 625 105 +5
121 +21 S, 41 102 + 2
108 +8 /7, 6k 98 -2
86 -1l s/ Ag6 97 -3
6 -2k K ETE ol -6
0 -20 o a3 -9
gz -18 3250 23 -G
g1 -9 81 o4 -6
117 +17 289 VS 95 -5
117 +17 289 N/ 96 -4
120 +20 :mw \ Ww - w
10 + 9 -
m -9 81 «m . loo o
23 =17 289 “%s 101 +1
105 + 5 25 .\.wo: + %
107 +7 45 107 +7
g4 -6 .36 ppw +15
a3 -1 1 419
110 +10 100 122 a2
gl -6 6 11 +Hm
112 +12 1h4 10 +

32
Devlatlon
Squared

Yoar
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Time Lengths of the Phases

Table Q (concluded) Pig Iron Production

Standard measures of the two orders of cycles.

of the Cyceles

Percentage Deviations at Pesks and Troughs

/
28 N/ 29
of sctual about SL B {the short ,UﬁmHHme"w sycle) of actual from 3L B{the short busipess cyele)
Nt
o
Crele Lengths in Yedrs
Rumbarp rp pf I tr At Pealk : At Trough .
A Yeaor Deviation Yesr Deviation
1 - - .m/\} .8 .
2. 1.2 g . {) 1.5 ) 1858 -10%
3 1.0 .7 5 Iy, 6. 1860 +14% 61 12
b .8 1.1 m P el 15 65 12
5 .6 5 1 L% 66 12 68 5
6 1.2 1.8 2.2 .m“m\ 69 4 71 10
7 2.3 1.9 1.3 1077 T2 25 76 24
g8 -9 -7 -8 S0 3z 20 gs 17
< .8 .5 .5 5 A 87 T 58 &
10 .5 £ 1.2 N Py M a0 16 91 &
11 -5 .5 1.0 1.3 %7 » 92 12 94 11
12 1.3 .5 .7 8 7 a5 15 96 6
13 1.3 1.9 5 m Y, 99 & 1900 4
1 1.7 1.0 B . # 1902 5 Ok 1
15 .G .7 .6 .8 06 20 08 2
16 1.0 ! .9 1.2 f\\ 10 13 11 8
1 1.5 1.8 .5 .5 e 13 11 14 21
1 .5 A .6 1.6 ?, 16 20 19 10
19 1.0 .8 .3 .7 4 20 10 21 um
20 1.0 .6 R .9 23 37 2k
21 .9 1.5 1.7 2.7 AR 26 3 27 4
22 1. il - - S R 1929 25 1932 51
w L - < { }.
Average length 1.1 yr. 3y -9 yr. 2.0 yr. Average devistion 14.7% 14.5%
’ _ 1n\Bey short at peak at trough
Potsl Length of typlesl short business cycle 3.0 yra. d._._mbu.me eyole
\ ¥
’p ( :vs f 3L B ww: 8L M (the maj 1e)
of 8L B ahout 3L M (the major cycle o rom S e major eygle
1 2.7 4.6 y.1 N.w 1869,/ o 37778 of
2 i’ 7.0 2.3 2.3 3.2 1890 a2 189 18
m 11.6 10.5 2.2 1.5 1904 13 1921. 25
N 4.0 2.7 1928 25 —
verage lenghbh "TR.3 a. ) H. 2. . 3.0 .
S8 ¥ ﬁ. J yra Sl - Average deviatlon 17.2% 13.0%

Total length of typical major eycle

in the mejor cyole

C1T7.2 Fre.
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Section 6. PORTLAND CEMENT PRODUCTION.

COMPARISON of Kugnets' trend line with the smoothing line SL M (thousands
of barrels)

Kuzneta'! Trend 5L M
1880 36.9 5
1882 62.4% E%E
1885 136.8 103
1887 231.0 168
1890 _ 506.0 365
1892 _ . 852.8 660
1895 1859.2 _ 1630
1897 . 3113.5 "~ 3000
1900 6667.6 7300
1902 ' : 10900.8 12000,
1505 , 22041.7 22508
1307 33775.5 32800
1910 58294 A1R000
1912 . 77498 L €5500
1915 . 104776 {89000
1917 119069 " 102000
1920 : 133461 R\ 118000
1922 135004 ’ 127000
1925 : 1kh107 N 133000
S
Kuznets'® equation: RO
A j;.‘f&, %8/

y =
O (360421 - 0.56912 %)
,CC*'IO

\} .
\ % in units of 5 years; orlgin at 1880,

A\

IN the period 1910 ta£}924 there was sharp curvature on the seml-logarith-
mic chart. Followlmgwthe usual correctlon for curvature, 8L M was adjust-
2d to take & position towsrd tLhe convex slds from the first set of mov-
ing cyclical aw@n&ge points, but even at that, the values of BSL M are
" slmost uniformiy smaller than the values of Kuznets' mathematical trend
line. Onlyqipf the yesrs 1897 to 1907 1s there approximete equallity be-
tween them. After 1G24 the great depression lylng in the future begina

to cause a drop in SL M.

THERE 1s close simllsrity in the sppearance of the major cycle by the two
methods.

IT will be noted that 3L B for this series was drawn by 1nspectlon with—_
ocut the objective check of & moving svérage. Since the chart was so free
from construction lines, 1t was possible to proceed on the same sheet to
locate SL M. This permits the whole graphlesl process to be viewed to~
gether on the finished chart (as 1t usually ts on worksheets),
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PORTLAND CEMENT PRODUCTION

Values of the standard deviation, by the several calculatlons:

¥rom Kugnets!?
flgures, bhased
on peried

1880 to 1924

Figurea secured by the method
of smoothing by stages

basg e.d on perlod

based on perlod
1880 to 1938

1880 to .1925

The short - .
buslness eycle 8.7% " 6.5% N 6.5%
Oy
Years included O
{omit terminal - A
half-cycles) full 1883 to L9R3) 1883 to 1936
) \::l\\\.
The Major N
cycle 29.4% L 625.5% 21.6%
.Year included s;& -
{omit terminsal N
half—cycles) full gg“ 1895 to 1917 1895 to 1930
& |
£ tv
L\
<"
"\x:\so
N\
OO
..\’f;'



Table R. PORTLAND CEMENT PRODUCTION IN THE UNITED STATES,

1880 TO 1939
Two stages of smocthing

Sources: Mineral Resources of the United Seates; Yearbooks of Commerce,

Part a (two pages)

2a ! )
1 or 4a 123 12b 5 13 208 20b 24
Year ggv Smoothing Line B Fhaae Phase Second Final
(SRR {by inspsction} Point Polnt Approximation SL M
ool @ logarithm (short  (major to SL M (1000's
524 = cyéle) cyele) A 1ag&r1the bble. )
o ® 2o \
E ] o5 n a5
8™ 3 28 5 N
£ 8 8 FE IR |
1880 42 (52) il \ (30}
81 60 {61) T, ’.:‘.t N : (38)
kW
82 8 (75) py 'S (49)
83 90 90 £q N (64)
8k 100 108 tq LW (81)
To "N\ :
85 150 133 R O (105)
86 150 170 5 o - (135)
' ) Palw
87 250 211 ;?%; - (172)
88 250 250 \4’ . (222)
89 300 300 \\ 3 1 (290)
1890 335 355 245023 t3 370 2.56820 (365)
91 455 430 NE63347 vy 475 2.67669 . (¥75)
92 BAT 5;5;:.\"2.71181 . 600 2.77815 (610)
93 . 591 {6 0 2.78533 tii 785 2.89487 (800)
R xr
o 7990% 770 2.88649 1132 &, 1030 3.01284 (1050)
. \ Y 4
o5 agd om0  3.00703  t3 1350 3.13033 1450
oh 1543 1550 3.19033 rg 1800 3.2B52T 2000
97 2678  ekso 3.38917 Pg 2380 3.37658 2700
98 3692 3700 3.56820 v, 3150 3.%9831 3750
g9 5652 5700 3.75580 4200 3.62325 5100
1900 8482 8500 3.92942 f6 5600 3-?”’819 7000
01 12711 12700 4.10380 7500 3.87506 9200
0z 17231 17300 4 .23805 9600 3.98227 12500
03 ' 22343 22400 4.35025 12300 %.08990 16000
ok 26506 28500 4 45484 tg 15400 h.18752 20300
05 35217 35300 L. 54778 1'7 18300 4. 27416 25400
06 1663 42000 & .62325 Py 23000 4.36173 31300
L. 45484 37000

1507 48783 49000 § 69020 T7 23500



Table R, Part a {(concluded) Portland Cement Production in the United States

1

1 2a or la 12a 12b 5 13 208, 20b 2h
g - ' -
Year %53 ’ 3L B * Phaase Phase Second Log of 3L M
OOk Actual iog Point Point Approx. Second
o @ B (major = Arprox.
L EE oyele} EZ
0 on wed d o
el 56 m &
+ P O R o g
3 8 i 28
- [ o »
1308 51073 56500 4. 78205 to 33800 k.52892  um000
09 64091 65000 4.8i2gl rg p; 39700 4.59879 53000
1910 TH550 72500 - 4.86034 pg 46500 YseE7ds  E1000
11 78529 80000 4.90309 f8 52500 ,~\4.?2016 69000
. ’ ) kv 4 \".
12 82438 85000 4,920k rg . 590y TH.77085 77500
13 92097 86000 h.oui4E p 65900 4.82082 85500
14 88230 90000 b.oshel £ £, d “7i000  4.86923 93500
15 85915 90000 4. gshoy tg ‘:_ Biooo 4.90848 101000
16 91521 88500 B o604 rle.\:;}\“ 83000  4.9uA48 108000
17 ge8lk 84500 h.92686 pyED 95000 k.97772 114000
18 71082 82000 4.9138L[;f10 102000 5.00860 119000
N E .
19 80778 85500 4.9330v rig by 207000 5.02938 124000
1920 100023 93000 ,A:QEBHS Pyq 112000 5.04622 127000
21 98842 105000 ;mf:5.02119 fiq 117000 5.06813 130000
22 114790 22100808 5.08278 41 122000 5.08636 132000
23 137460 137@30 5.13672 T, vy 125000 5.00691 133000
N\ :
24 180777 x,\;3,51000 5.17898 127000 5.10380 133000
- 4 Pyo
o5 16338&<:} 161000 5.20683 fig 128co0 5.10721 133000
"\
26 166@35 170000 5.23045 t., 128000 5.10721 132000
27 75330 175000 5. 24304 128000  5.10721 131000
\
28 N\ 1785@9 178000 5.25042 T3 D, 127000 5.10380 130000
29 1278855 173000 ~ 5.23805 125000 5.08691 129000
1930 162989 156000 5.19312 Pi3 124000 5.05342 1237000
31 126671 127000 5.10380 T3 f3 121000 5.08278 (124000)
32 77198 82000 4.51381 117060 5.06819 (121000)
t
33 - 63584 70000 284510 r%g T3 114000 5.05690 (118000)
34 784149 73000 4.86335 Py ’ 111060 5.04532 (115000)
f .
35 TTTLS 86000 L. 93450 t%i 108000 5.03342 (1l12000)
T
36 1lkkeg 99000 499564 p%g 104000 5.01703 (109000)
37 118075 {10700) 5.02938 15 - ry 101000 5.00432 (105000)
38 107178 (116000} t15 (102000)

1939 124698 (1z2000) Tg - _ {95000)



DEET

9261

€261

6T-RIGT

IT-0T4T

Ap-0061

Z06T

JEGL

o1

2 W IE TeOTd (RY eTAWT 09)

ogRLET

0Lh2ET

oT9eeT

olgoet

84359

TO9HE
lgset

pojsnfpy

UesH aTJI3aMoss

(¥reaxsn B, 000T)
o [eOTToLn BUTAON

i}
oY

o0gooT S E65T0" 96HL0"S ItheT ol 092CeT  BRO6DG 9TEGE gL
\ .
£reere v t610° £EE0" % qlsz gl 09l92T 86201 & nLyHS gl
4 “u : . —
N
95221 % QL2807 STLE07G §oTLE " GB g 0B6ZET 9868075 69LE5 98
N (=]
o n
.QN q
££2g0°% LEons  LHELGE N LRIRT 66 b ogoyoT 98610 G oeleE 00T
A.W\ -
Ny o o
HERTE R £0leT” m:zmm.a GoLe% " GOT e BHTER TETES 7 12965 2Tl
“v/ 58 |
ROBEG "4 9G2ET" g&Elaf \N\ KERLG 20T @ g 66452 24908 1 REOGL G0T
AN o P
06660 k 29971T" 99995 € .ammm@.@m m & z206 Qeeg6 € G025 6h
Y /N m L= ]
‘..s 2 ] \I,.
“4y m B Pm = =
¥7 m oman 5F
L e _._uV, o .\N.s.s‘w. .t W _.-..w g m nm
5% 8.8 B § gedk B
m EEHS ReaF & ,F oBH o ©a
m.m o cxoxddy m% m:m m (A Bahd A g 18 Jo
#E0T Jo BE g q pucoag @ & m.; Bl = s207 Jo
®OW . ﬂ._uﬁsm Jo s3ott nw. 2 [ / Heon o G TE90],
pearnfpy o = o Jo wom B A B x o Bl R B2 RFITACK
| wEE ze uIg . B1E a0z ‘epz ‘s 26T a6t ¥6T
A
Q.
~O

ymzAand Joj DopmeIie Fopepor ‘Fuperoms o 3Fes poaes o Jof STONE[OTED 3q Ja red q Jred

. NOIIDNGO¥d INAWTD ANVILYOd " STl

ST

ST

it

oe

e

e
ac

sIReL

3 BusT
8T

LE6T QEET mmmﬁ.
£E6T 96T 6161
TE6T £26T ST6T
gzbT  61-8161 6061
2E6T TI-0T6T 6611
gT6T  L0-906T %681
RTET Z06T 068t
TUE, e PPTH___Uldsg

oiokp sUF UI pepunrdul
sednATS LTIBIX

JAN

9T

ot

a12£]

L



THOUSANDS OF BARRELS

300,000

Sources:
Yearbooks of Commerce.

Mineral Resources of the United States,

AN
=

|

100,000 :

*
Y x,;
4 %--_ ‘:*:E})“.&..,__
= -

10000

e, |

| GHART 28,

1000

| PORTLAND GEMENT PRODUGTION

N THE UNITED STATES, I880 TO [1939.

d
}L ANNUAL FIGURES. AND TWO STAGES OF SMOQTHING.

’iegegd The ennuel figures are marked X X X.

o

3L, Brwas drawn in pencll by inspectlon, to coln-
cide with the actusl figures in many years; 1t

‘. from the actual values;

£s been drawn in ink only where 1t diverges
its ends are dotted.

Tentative SL M, the upper dashed line, was
drawn from inspectlon.

The lower circles mark the filrst set of meca's;
the second approximetion to SL M, the lower

dashed line, was drawn through these first mca

points.

—+ The upper clrcles mark the mca polnts corrected

for curvature,.

' MID-POINTS MA

Final SL

M is the solid curve with dotted ends.
JOR GYCLES — ] }

-

U IPHASE POINTS | - | ] t
g%ﬁgfrf t '| . - | | I
PHASE POINTS| ISHORT BUSINESS CYCLES : . . .
PUL ] B AR L IR T I R A R R
10 :
1880 1890 18900 1910 1920 930
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CHART 30.
PORTLAND CEMENT PRODUCTION IN
THE UNITED STATES, 1880 TO 1924.

BARRELS WITH TRENDS AND CYCLES FROM KUZNETS.
300,000,000 _ }
200000000

. _ -
LOGISTIC TREND
INTERMEDIATE TRER A N
100000000 P -
Part a, The ennual pro- Y i
ductiecn figures, the in- T/ v
termed’ate trend (calou- I/
lated from Kuzpsts! 7 /'
figures}, and the log- /J//
Istie trend. /{// \
/#i// '\s,‘
/ Part b, The short busi-
q ¢ ness oyelo and the mefor
) NS oyele. :
- 10000000 -

gjooo,ooo A —

8,000,000 N

7000000 )

8000000 >

5000000 N

160% [ :
4000000 /;/ !
3000000 i /\
140% o // /
2000000 \\ "
b ]
120% O\ /] N
1000000 Pk 75 +—
00000 I~ ot 77
8 [/ / BUSINESS
600:000 1{\‘\ ﬂ lHl / / 1" /_/\ /\ A GYCLE N
s0l0%% AN [ HA AL A
Tt
e \/ V\ / A MAJOR
300000 4 / CYGLE
e — K /
200000 ij / \//
60°/o f \\\__/
100000 £
200007 ——
?8:880 ‘ff/ Hote: A correctlon was made for 191U,
60.000 F i from the value given by Kuznets In his
00 column ITT for the composite cyele,
50‘000 from which figure are caleoulated the
? short business cycle, the major eycle,
40000 and the intermediste ’_cren(i.
30000
20,000

1880

1820 1900

1910 1920 1930
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1
Yepr

P2a or bs
Produsticn
of Portlend

Cement

51073
64901
76550
8529
2438
92097
88230
88915
91521
9281k
7lo82
80778
100023
98842
114750
137460
15077
16338
166635
175330
178509
Hmmmmm
162989
126671
77198
63984
1819
77748
11hheg
118075
107178
124698

Smoothing
Line B

{thousands of herrels}

56500
65000
2500
0000
85000
88000
90000
000
8500
84500
82000
85500
93000
105000
121000
137000
151000
161000
170000
175000
178000
173000
156000
127000
82000
70000
73000
86009
99000

Table $ Anonm:ﬁ.né Portland Cement Production.

6.5%, 1in the short business cyele .
’ {the full pericd) O

ad H_— 2282 -

N iy

4

{Tshle 8 1s concluded on the next page.)

24 25 26 . 27 30 : 31 32
Smoothlng Ratlo Percentage - Deviation Ratlo Parcentago Devlation
Iine M Actual Daviatlon Boguared i B Deviation Squared

to 3L B to 3L M .
Vd % %
AN 2.
—_— ) i
& 3 W -
7 The shori puziness cyele. W.am
45000 /s 90 -10 100 126 +26 676 ¢ §
53000 &> 100 0 0 o 123 123 529 &4
61000 v/ 06 + & 36 S 115 +18 /L T
69000 L B8 -2 y wa 116 +16 256 &4
7500 g -3 9 At 110 +10 00 +a
£504 pﬁv + 5 ﬁ n° 103 + 3 % @
93500 9874y -2 B 96 - & 1% °9
101000 95 W7, -.5 25 4 89 -11 121 gk
108000 103 Vg3 g WL 82 18 5y §&
114000 110 S/ HLo g0 od i -26 676
119000 87 SA3 1695 B & 69 -3l G961
12koag 94 -~ 87, 36 L9 &9 ~31 961
127000 108 + BV7 64 ©8 3 -27 729
130000 o4 -6 Y, 3B gwu 1 -19 361
132000 g5 -5 “Ln 25 §& g2 -8 &k
133000 100 il ¥ o) 10 + 3 9
133000 100 0 ¢ o 11 +11 196
133000 101 +1 @ 1 121 +21 411
132000 98 -2 N i 12 +29 841
131000 100 Q \/ 0 13 +34 1156
130000 100 0 “s 13 137 - 1369
129006 100 ) [N 13 +34 1186
127000 104 + 4 1A/ 123 423 5 2
100. 0 o &, z{a%) = mwmww
_ o4 -6 36 A sa - 23699 = 21.6%,
31 -~ g 81 WA oI
u.wm .WHM wa S in the major cyele.
136 +16 . » 256 \\ {the full peridéd)
x nn— v_u NMWM 7

Year
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Section 7. ERIE CANAL FREIGHT MOVED. .

A Comparlson of Kuznets' Trend Line with Smoothing Line M

Parlod
Reporte

1838
1841
1846
1851
1856
1861
1866

LI R R B N I 4

Yasp

1873
1878
1880

1881
1885
1890
1895
1900
1905
1910
1915
1920
1925
1930
1935

d

40
45
50
55
60
65
70

Center Dste
"of Perilod

Dec. 31,
June
June
June 30,
June 30,
June 30,
June 30,

O

1838
1843
1848
1853
1858
1863
1868

Trend
by Kuznets!

firat equatlion.
(in thousands of short tons)

764
1061
1421
1828
2050
2651
3000

3284
3493

3570 AN

L
Tiend
byvguznats’
seconpdyequation

~A\

2N/ 3542
WV 3411
o 3200

AN\ 2934

2630
2270
1900
1537
1203

Ruznets' equg$ion for the period 1837 to 1880
DU . :

mJ

Q¥

}/ =

4900

[+

10 (110506 ~ 0.735G6 x )

8L M

3640
3570
3180

- 2770

2400
2000
1650
1400
1450
1760
2300
3150

x In unilts of 20 years; origin et 1825.

Kuznets' equation for the perlod 1881 to 1622

y=

¥000 ~

4000

{+

.!0(L24758'w164553x)

X in units of 20 yesrs; origin at 1870.
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gﬁazgetiggg ig the freight carried by the Erie Csnal, Kuznets fitted sep-
til neg to pericds that seemed to be marked by different dlrec-
ons of change in the Value of the varlsble, This device of breaking a
saries intq'parts and fitting trend lines separately to those parts, does
& certaln violence to the idea of continuity of movement in a trend. The
operator, 1imn followlng such a procedure, seems to have admitted thet
there 1is not homogenelty of the underlying forces throughout the period.
But when he bresks the periocd inte two parts, and fitg a trend to each

E:;Egby‘& totel process, he assumes homogenelty within each of those two

KUZNETS} first equation, fitted to the perled ending 1in- 1880, glves a
trend line which depicts growth. The second equatlion, fltted to the dats
beginnlng in 1881, gives a trend line which depicts & decline in the
value of the varlsble. It will be noted that Kuzneis' second period ends
with 1922, He omitted the dsts for 1923, 1924 end 1925. Had +these been
plotted, they would not have gone well with his second trend line. 3hould
he now undertake to fit trend lines to this series, based upon dste run-
ning to 1940 and later, he might be tempted tec ©break the.geries into
three parts instead of two. His first point of divilsion, 1380-81, nesd
not be challenged, but his second polnt of divislcn would (qno¥W probebly be
set at 1918. 'S\

N

-
&N
< 3

THE process of fitting the smoothing lines, it will{®é seen, was really
begun sbout 1870. Prlor to that tlme, ennual datd Were not svallable, so
a simple free-hand technique was employed withoubany kind of objectlve
check. Yet even that early portion of SL M cheeRs rather well with Kuz-
nets! fitted trend. L

THROUGH the succeeding 12 yesrs of’-1{7L1z1;1'a'ts3."T first equstion, the agreement
iz quite ¢lecse, 'with 3L M slight1y~~higher. This 1little difference 18
probably because SL M moves to @ pgak, wheress Kuznets' curve flattens
off to a plateau. ™

o

N

IN the period of Kuznets' seefmd equation, 1881 to 1922, SL M is higher
at the Initiasl dates for thg reas=on just noted, nsmely that 3L M moves
from s peak there, bub by 22890 the two lines intersect,and from that date
to 1915, SL M runs belowhEuznets' line. A reason for the 1915 lntersec-
tion is that 3L M has {@iready begun to feel the Ilncrease in the amount of
traffic on the Canaiiéfter 1617. SL M rises to a value 1n 1920 which de-
parts quite markeqiy from the continuing decline in Kuznets' trend line.

'0\'0

NG formsl s 'ﬁiﬁas teken, 1n determining the logation of 8L M, to correct
the 1line for furvature. Possibly such correction would have glven slight-
1y higher vslues from 1880 to 1890, snd would thereby have Increased the
discrepsncy from Kuznets' lines. Pogsibly also sgch correction would have
given lowsr values of SL M-from 1910 to 1925, which would have tended to
reduce the discrepsncy from Kuznets' line. Bub the changes 80 effected
would prcbably not have been great.

IN the case of this serles, Kuzneis does riot make hls usual analysls into
major cycle and short business cycle.
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Values of the standerd deviation, by the several calculations:

Kuznets' figures Figures secured by the method
- not svailable - of smoothing by stages
based on peried based on perlod
1870 to lgz2 1870 .to 1938
The short .
business cycle 6.4% 0. 4%
N
Years included . : KoY
{omit terminal =~ .3\ “
half-cycles) 1872 to 1920 ¥ 1872 to 1936
4 N‘
x\' (0.
N
The major _ \ N
eyele _ 10 . 17-5%
’ ' 'x{t . .
A
Years included Y
(omit terminsl A\ ’
half-cycles) LON1878 to 1912 1878 to 1925
S N .
' g\\\.t
7N
e,
N
L
x;&ml
O~
O
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1
Year

1881
82
a3
84
Bg
86
87

89
1890
91
g2
93
ok
95
96
a7
o8
99
1500
o1

28 or 4s . 2b or %b
Frelght Movaed
n M. Toparithm
FE:
gy
3599 3.55618
3694 3.56750
3587 3.55473
3390 3.53020
3208 3.50624
3809 3.58081
38k 3.58L14Y
3322 3.52140
3674 3.56514
3304 3.51904
3098 3.49108
2979 347807
3236 3.51001
3144 3.49748
2356 3.37218
2742 3.43807
2585 3. 41246
2338 3.36884
2419 3.38364
2146 3.33163
2257

3-35353

5 .
msmmm

S RF £

& T

Table T (continued) Erie Canal Freight Moved.

-8B

LY sl )

Vd

\ﬂ
& .\¢

Y

1880

mwnw 1880
fy,5 1881
By ,5 1881
r5,5 1882
g 1883
by 1884
28 1885
rg,7 1886
ﬁmw.N Hmw.N
1, 1888
ﬁmnw 1888
B 15889
qum 1889
7,8 18g0
tp g 891
rg,9 1893
P8,9 18qh
b4 1895
ﬁm“w 1895
H.wu”_.o 1896
B 1896
ww“ww 1898
.n@‘.“_.o 1858
r1) 11 1899
p1o.11 1899
T10,11 1600
ﬁHO»HH 1900

/ *1880-81
~1881

s A

80e)

s

1883 €

1884
188L4-85

1885-86
1886

1867
1888

1889
1389-90!

1890-91
1891

1892
1893
1894
1895
1896
1886-97
1897
1898

9

JYearly Figuresa
Included ln the Cyele

d

1881
1882

1883
1884

8

o7
1838
1889

1390
1891

1892
1893

1894
1835
1895
1896

ummm
189
1863

1899
1899
1900
1500
1501
1901
1502

10

1la 11b 1le 124
Length Moving Meving o g5 _Smoo
In Tobal (yclical 8 m B g 23
Yoars of Loga Average B4 m o
of Logs BRsm w%
EXTO
Mwnm.mn
& Frl n
oLt
&
2 7.21979  3.60989 1073
3 10.78823 3.59676 3951 3830
3 10.67841  3.55047 3626 3600
bl 14, 20861 3.55215 3866 3500
b 14.15867 3.53937 3466 3430
4 14.17198 3.5429% 3491 3450
4 14.20169 - 3.55042 3552
¥ 14.19289 3.5k822  353F 3550
7, 10.68B665 3.56222 3649 3600
3 “J,10.67198 - 3.55733 3609 3530
3 “A¢.60558  3.53519  34eg 3420
1. ggbEé 3.82h17 3343
@ 3300
Ty 14,0833 3.51233 3253
5 17.5598% ,  3.51187 3250 3200
5 Hq.:mpmm\\‘.w.nmww: 3150 3080
5 17.35482 B,46896  29k% 2970
3 10.37967  37hsgBg 2883 2820
3 1030773 3.43500), 2788 2690
iy 7¢
3 10.23271 3.40757 S/2856 2600
3 13.59155 3.39789 2500
3 10:21937 3.ho648  2550%y 2500
L 13.60301 3.%40100 mmumms 2400
2 6.75248,  3.3762% 2378 v/
3 10.08411 3.36127 2298 2320
2 6.71527 3.35%63 2278
3 10.06880 -3.35627 2271 2250
2 6.68516 3.342858 2201
3 10.00862 3.33621 2169 2200

{Table T, part a, 1= continued on next pags. )

12b
Ling B
tgar ] thi

3.58320
3.55630
3.54407
3.53908
3.54283
3.5477T
3.54900
3.548407
3.53275
3.5185
3.50515
3.48855
347276
3.45025
3.42975
3.41497
3.39794
3.38021
3.36549
3.35218
3,34242

13
Phaae
Polint
{me.jor
cyele)

Ta

1
Yosar

a4

hﬁUMWmmwnm
short tona)
3640 1881
3630 g2
3620 83
3600 8l
3570 85
3500 86
3440 B7
3350 88
3270 89
3180 1850
3100 a1
.wcoo g
29U0 93
2850 o
2770 95
2690 56
2620 g7
2550 58
2480 .ww
2400 1900
£330 o1
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Table T (concluded) Eric Canal Freight Moved

1 28 or ba  Zb or 4b 5 & 7 8 g 10 Lia 21k 1le 122 1ob 13 24 1
Your Frelght Movred Phage Uyele Yearly Figure=z Length - Moving Moving 4 Smocthlng Line B Phese 8L M Yoar
n Togaritim Point Included in the Gycls in Total Cyelical 33 o ogarlthm Polnt .  100G's
7 {short Begin ~ Middle - End Years of Averogs G-l m {(ma jor tona
gu cyele) hLogs of Legs Al g 9o eycle]
] Py P 2 a - :
a* L
= / Mmﬂu *
{ b=l
A £42
v «_“_..w
19 842 2,92531 wuﬁ t16,17 1918 .\.\SG 1921 3 11.69671 2.92418 gho T80 2.89210 420 - 19
picae Yy .
1920 891 2.94g88 r1} *17,28 1919  1gep, 192l 3 8.87258  2.95743 907 910 2.95904 1450 1920
1921 204 2.99739 b1 Pi7,18 1919 192127, 1920 i 12.043431  3.01108 1026 1130 3.05308 1450 21
. £ 1820 Smw-w%..:pmmm s 12.33012 3.08503 1216 :
22 1485 3.17173 . Mo 17,18 Ny 4 1380 3.13988 1530 =33
PI§  typ,1g 1921 1go2-23 « 298% L 12, 60864 3.15216 1420 :
23 1626 3.21112 fi8  riglig 1322 1923 1G2a, 3 9.6112%.  3,20375 1593 1600 3.20812 1620 23
24 1692 3.22840 18 p1g 3g 192 192k 1925 3 g.7284%  3.24281 Him 1740 3.24055 1680 24
T Tig figl7g 102 192% mem /A 6.51732 3.25866 181
25 1945 3.28892 W.G t18'15 1924 1925 1526 {3/ 4.80400 3.26800- 1854 1850 3.26717 1760 25
1 LR . . -
26 1935 3.28668 ? rig,00 1925 1926 1927 3744 9.88593 3.29564 1975 1980 3.29667 . {1850} 26
t19 piglec 1925 1926-27 1528 b 47, 13.29108  3.32277 2103
o7 2048 3.31133 f19la0 1926 1527 1528 3 ¥7 Ap.0d2ls 3.33405 2158 2160 - 3.33445 (1960) 27
r 7 e
28 2536 3.40415 Poy 19,20 1927 1928 1529 3 T0.05966 - 3.36655 2326 2350 3.37107 {2060) 28
f5n  Teo,p1 1928 1928-29 1929 2 678833 3.30416 2478
29 2hp2 3.38418 t P20,21 1928 1529 1930 3 10,2918 3.42393 2654 2620 3.41830 {2180) 29
H.MD s £
1530 3044 3.48345 21 fpp,21 1929 1930 1331 3 19.3832%, 3.416108 281 2900 3.46240 {2300} 1930
Pol  top sl 1858 1930-31 1932 y 13.88849¢ 3. k7162  20bp _
31 3276 3.51561 . Tplige 1430 1931 1932 3 1o.50231 A 3.50077 3168 3110, 340276 {2450) 31
21 - { .
32 3186 3.50325 Pzl pel,se 1931 1932 1933 3 10.57202  3v5f401 3342 3310 3.51983 {2600} 32
rop  fpl,es 15932 1532 1533 2 7.05641 3.52820, 3374
33 3574 3.55316 P22 ta,o2 1932 1533 1634 3 10.63811  3.53937,. 3Be2 3520 3.54654 (e780) . 33
22 &/
34 3645 3.56174 t22 rpp ey 1933 1934 1935 3 10.70570 3.56857 \\w‘wow 3700 3.56820 (2960} 3L
35 3898 3.50084 Tpy  Ppg,e3. 1933 1935 1936 i 14 _33101 3.58275 wwm.m.. 3880 3.458883 {3150) 35
. _ P22,23 163%F 1935 1937 % 14.39829  3.5995% 3977/ :
36 hazo 3.62531 tpa.py  193% 1936 1538 5 17.92331  3.584E8  38u3 :mxwmgo 3.59550 (3350) 36
. P2 -
37 hivd - 3.6205% . 3 T23,24 1935 1937 1938 [ 14.36161 3.59040 3394 ¢mwmou 3.58546 {3560) 37
38 3349 3.52891 _&ww (3620) 3.55871 " (3800) 38

™ .
1939 36k 3.56158 24 : : (3300) 3.51851 {4050) 1939
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MILLION
_m_ - CHART 3.
7 mm__m CANAL, FREIGHT MOVED, 1851 TO 1939.
5 T._<m-<_mbm AVERAGES PRIOR TO 1870;

THEN ANNUAL FIGURES AND FIRST STAGE OF m_SOO._.I_ZO
5
. —
- ar " ,/”K
3 RRgr
» i
o — B
I & v/ e (i
i R

[

L2 7z

£P N
| MILLION : A2 :
900000 k¢
800000 — mocdom. mgﬁ“_.mgom_w bdmﬁdmo_d_ for dwm d_ﬁwwma m_ﬁmﬂmm. Aﬁwn
700000 Legend: a =

600000 The short straight lines connect polints ﬂrﬁow show

500000 annual figures. @ \\

400000 The horizontal lines 1in mmWH% years show five- %mmd

averages. )

300000 The dashed curve is Tentative Smoothing Line B. ©
: The smsll circles, moving cyclical averages. VV
The solld curve wlth dotted ends, final 8L B. \

MID-POINT F GYCLES L T L Iy | Y L A I Y L I O I o R R L T L T A R e R R L N A N L N A R R T IR IR N

PHASE| POINTS TS L IR L YL £ L TN N Y L (8 O O O L P ) L ALY L A A I 1Y AL SO L 1 1 PO A N B I A B N LI L 1Y

_OO.OOO.I_&QO l 1870 18180 90 HOI0O (20 19[20 19130
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( - GHART 33.
o) ERIE CANAL, FREIGHT MOVED.

PERCENTAGE RATIO:

e :
HROWER %ﬁ%ﬂ%o%m CYCLES BASED ON THE RECORD 1870 TO 1938.
120 _ ?.\\M | TN
no | Zr /7N \ \ /
N
oo N PISL A W N A NINA N S
20 Y / <\
80 . .
Legend: The short straight lines conn€et points /
707 which show the short business cycle, the. M.mdwo of :
the annual tonnage to SL B.
The curve shows the major cycle, the Humﬂ.o om 3L B
8OIT to sSL M. o <
. 4 .o\.“ .
..\‘~
50 _ A IS ,
1870 1880 1890 1900 1910 1920 1930
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Table U. ERIE CANAL FREIGHT MOVED.

Calcalation of standard measures of the two orders of cycles.,

Bused on dhe Record 1537 1o 1939, Three pages.

{
AN
& )
N )
1 #a or . 24N 25 26 27 30 31 3z
Year Fralgzut Smocthing? L Bntio Percentags Deviation Ratlo Percentage Deviation
Movad Line M 77 Actual Devlation Squared 3L B Devistion Sguared
. Whe, 3L B to 8L M
) ) %
{thousands of ahort toms) o S
77/ 4
7 y
1870 . W N 1870
71 \f 4 71
72 3600 9g - Ty 1 e
73 3420 102 £, b 73
™ 3050 101 + 1% 1 7h
5 2830 ag -1 in 1 5
76 2810 8 -1} 7, 196 .
77 3070 106 6 “s 36 .
T4 3600 3570 100 o F{ a 104 + 4 16
79 4030 3610 95 -5 7 a5 112 +He 144
1880 4106 4630 11z 2 o, 148 113 +13 169
i 3830 3640 o4 -6 {/ 36 105 +5 25 3
g2 3600 3630 102 + 2 7, 4 99 -1 1 &
83 5500 3620 102 + 2 4 P 97 -3 9 83
84 3b30 3600 99 -1 {1 95 -5 25 8 .
85 3450 3570 93 -7 VLGN a7 —- 3 9 a5
86 3550 3500 107 + 7 Por Ay 101 + 1 1 86
87 3500 3k 107 +7 4g v 105 +5 25 7
88 3530 3350 gl -5 36 (7, 105 + 5 25 88
g3 3heg 3270 107 + 7 49 { 105 +5 . o5 39
1850 3300 3180 100 ) Q \\ 10k + I 16 1890
91 3200 3104 97 -3 g 103 +3 9 g1
aa 3080 3000 a7 -3 9 7203 + 3 9 92
93 297 2940 169 + 8 a1 u«cw +1 1 93
g4 2820 2850 111 +11 121 Oy -1 1 94
g5 2690 2770 88 12 14} wwx -3 9 a5
56 2600 2560 105 +5 25 g9 \ -3 g g5
97 2500 2620 103 +3 g 95 -5 25 97
98 =g 2550 a7 -3 g ok ) 36 98
99 2320 =k8g 104 + % 16 G4 -6 36 59
1900 2750 2koo 95 -5 25 o -6 36 1900
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Average length

Totsl length of typical short pusiness cycle 3.0

1
2

3
Average length

Table U (concluded) Erie Canal Freight Moved.

/

Standard measures of the two orders of opcles.

Time Lengths of the ‘Phdaos of the Cycles
3

werigths In Years £ /,

A,
£ 3

g N/
of agtual ahout SL B (the ahGPt business cycle)

74

e
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(0 © V3 U~ ~3\31 D=1 1717 QYR LT € 00— 1R
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£
E
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33
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2.0

Percentage Deviastions st Peaks end Troughs

29

of actual from 3L B (the short business eycls}

‘N {the mjor S__du.m.u

£.0
1% S

At Peak At Trough .
1 tr Year Deviation Year Deviation
1873 2 1876 T 1y :
-3 77 6 g 5
) M mo 12 mu. m
; 2 . 2 5
7 o 87 9 88 5
S/ 89 B g2 3
S 9% 11 95 12
H-w Ny f sw wm m Wm m
.7 " 99 1900 5
.5 A 1901 3 0z 3
-5 ¥7 .4 a3 12 o4 10
.“w ‘svs. 4 D.w. 10 . Om W
1.0 : .w..sv " 11 3 12 3
1.5 7 13 7 14 pw
-3 15 17
-3 ¢/ 19 g 21 12
1.2 0 22 8 24 3
i ol 25 ] 27 5
3 N4 2B B 29 8
-9 " 30 5 32 3
.5 AR 1933 1 34 —1
H”m Ay average deviation 6.4% 6.0%
W/ in the ghort at pesk at trough
.7 ¥T- e "V..mmubmmm eyele .
yrs. 7¢
\ of 3L B from SL M msﬁ mejor cyele)
2.3 188 13 188k 3
3.3 1888 5 1900 &
. 1909-10 25 o
Q B.
i Average deviatien 14.3% R.0%
in the major vyole =&t peak at trough

Total length of typiesl mafor cycle 15.6 yra.



153
SUMMARY OF THE ANALYSES OF THE SEVEN SERIES BY THE TWO METHODS.

KUZNETS' study was not merely an analysls of & group of time serles, but
a testing of hls thesls that the logistic type of curve 1s slmost unlver-

8811y applicable to productlon and other types of guantity series (not to
price series).

- THE verdiet of the method of smoothing by stages, after testing hiz the-
sis, is clearly favorable. Here, with no a priorl blas as to the "proper”
gshape for the trends, a close agreement 1s found wlth Kuznets. The few
polnts ef difference have heen polnted ocut in the course of Chapter V,
and nsed not be restatéd. '

THERE 18 no reason that the statlatliclan shouid not have both arrows In
‘his qulver. Every time series may be analyzed first by the method of
smcothing by stages, which will give the unvarnlished elements of the se-
ries. Then the trend, or the major cyele, the shoert business eycle, or
the seasonal movement may be examined separately, to test any hypothesis,
i.e., to see how closely this element of the whole complex moyement con-

forma to 2 preconcelved shape or pattern. a\
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