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The Economic Significance of Replacement
Cycles in Demand

By THOMAS M. McNIECE,! NEW YORK, N. Y.

For many generations, the even flow of trade among
peoples has been interrupted by recurring depressions.
Abnormally high levels of commerce have always preceded
the serious declines. It is neither logical nor sufficient
to explain a disastrous decline in business by stating
that the levels before the decline were too high and char-
acterized by excessive inflation. What produced these
latter conditions?

This study is concerned not only with the periods of
enforced retrenchment but also with those eras of high
business levels which invariably precede them. The effort
has been made to discover and isolate the underlying
causes of these recurring fluctuations. By underlying
causes is meant the initial influences, invisible and un-
determined at the time, which set in motion the multi-
tude of powerful and obvious forces which are almost
instantly transformed into potent sources of further
change. The only consistent or normal characteristic of
business trends is constant change.

It cannot be seriously doubted that the various indexes
of business and the paths described by them are but the
composite results of many components. Why, therefore,
is it not logical to investigate the movements of general
business by analyzing the fluctuations of its principal
components?

traced to their source and eliminated by determining

the characteristics of each important component of the
load. What are the dominating units in the many divisions of
trade and production?

The final objective of all productive enterprise of every kind
is the satisfaction of individualistic requirements which in inte-
grated form we know as “consumer demand.” There is no kind
of so-called “producer goods” which is not made solely as part of
the process of supplying the wants of individuals. The cost of all
such production is normally and eventually borne by the ulti-
mate consumer as part of the cost he pays for goods used by him.

I :XCESSIVE fluctuations in a power circuit can only be
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Depreciation and obsolescence charges bring this about. Even
that portion of such costs as may be at times charged off in some
form of liquidation losses is borne by the consumer. All taxes
direct or indirect are finally paid by this same individual. These
elements embrace all costs and are all paid out of individual
income. There is no other source. Since the cost of all producer
goods is finally paid by the ultimate consumer, such cost is but
part of the total he pays. It is difficult to conceive of the part
assuming greater importance than the whole.

Inasmuch as the individual pays all costs and since the ulti-
mate objective of all productive and commercial effort is the
satisfaction of individual wants, we may gain a good idea of the
relative importance of basic activities by determining the pur-
pose for which consumers’ major expenditures are made. Analy-
sis of existing data upon this subject indicates that when weighted
for the various groups within the different income classes in the
United States approximately 70 per cent of all individual income
is expended for the three essentials, food, clothing, and shelter.
If to this large percentage we add the expenditures for auto-
mobiles in this country, the total will be close to 75 per cent of
consumer income. The Ministry of Labour estimates that, in
Great Britain, 88 per cent of wage earners’ income is expended
for food, clothing, and shelter. We therefore find that in the
United States three-quarters of individual income which pays
for everything is expended for these four important require-
ments. This leaves but 25 per cent for the great variety of other
expenditures and savings. It should be obvious at once that the
combined influence of these four non-duplicating elements
must govern to a great extent the movements of all business.

What do we find when we analyze the trends of these four
industries? These facts stand out:

(1) No two of these industries follow the same path

(2) No one of them describes with fidelity the trend of
aggregate business as pictured by the various accepted
indexes

(3) When the four are combined on a weighted basis, the
composite trend reproduces with significant fidelity the
trend of aggregate business.

In a sense this latter condition is the pivotal point of this
study. Considering the great importance and differing char-
acteristics of these industries, a logical and mathematical con-
clusion may be drawn. Briefly it is that consumer demand,
dominated by these four outstanding requirements, sets the
pace for all industry. There are at least two analogous de-
velopments of scientific aceceptance and use that are well known
and afford a basis for this reasoning. One is the analysis of sound
waves into their simple components and the other is the similar
resolution of electric voltage and current wave forms into their
various component, waves.

In these two divisions of scientific endeavor it is accepted
without question that the shape of a composite wave is due
to the shape and relative importance of the individual compo-
nents. Likewise, it follows that the contour of the aggregate
business trend is due to the weighted contours of its components.
It may be reasoned directly therefrom that if definite causes can
be discovered for the varying and dissimilar performance of the
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predominant industries, causes for the variations in the com-
posite trend will have been determined. This study undertakes
to develop these explanations. '

Business normally pursues a wave-like course with the passage
of time. Used in its correct sense, the term “ecyclical” may be
applied to this progression. This is true of all industries. The
use of the term “eyclical’”’ does not imply waves of equal length
but merely wave-like fluctuations that may or may not be
equal in length or duration. While all industries are subject
to cyclical fluctuations, some of them also manifest certain
periodic tendencies, that is, they tend to follow a rhythmic
variation in which the wave lengths or time intervals are approxi-
mately equal. Due to certain fundamental characteristics
inherent in them, the maintenance of periodic fluctuation is more
constant in some industries than in others. As will be described
later in this study, the reason suggested for the periodic char-
acteristic of some industries is what we have termed the “re-
placement cycle.” This is a phenomenon of demand that tends
to reassert itself at intervals following some prior distortion in
demand of sufficient magnitude to cause an appreciable dis-
turbance.

It is a fact set forth in the statistical history of the industries
themselves that all of the four major industries analyzed in this
study were simultaneously depressed in the period of 1920 and
1921 and did not again reach this condition of common agree-
ment in downward trend until 1929 and 1930. These years
mark the last two major depressions. Intervening, were the
milder depression of 1924 and the even milder one of 1927. At
these times only part of these four industries were at abnormally
low levels. In similar manner we find that the periods of extraor-
dinary prosperity are marked by a general agreement in timing
of the higher levels of the component industries. The conclusions
suggested in no way minimize the importance of credit and other
monetary questions affecting these situations. Increasing volume
of business begets increased volume of credit, and declining
volume of business forces liquidation commensurate with the
severity of decline. We must explain this fluctuation in demand.
In the replacement cycle, we have both a cause for, and an ex-
planation of a variation in demand that is not induced by a

prior change in income levels but which will actually precede.

such a change in income, either upward or downward.

It should be clearly stated that in the prosecution of this study
the first step was the accumulation of available, pertinent facts
and the second was the interpretation of these facts. Out of
this sequence were developed the conclusions set forth in this
paper. The investigation was begun with no preconceived
notions and with no predetermined conclusions to which the
evidence was to be fitted.

The question may arise in the minds of many that a study
omitting such important industries as iron and steel and the
railroads, for example, must be inconclusive. The answer to
this does not depreciate the importance of these industries but
rather defines their sequence in these economic movements.
Important as they are, they still owe their very existence to the
requirements of individuals. Of first rank in the sequence of
movements are those industries which produce commodities
actually used and consumed by individuals. The backbone of
the iron and steel industries is the demand from the railroad,
automotive, and building industries. The very life-blood of the
railroads is the traffic flow engendered by the movement and
consumption of goods in other industries. Neither the iron and
steel business nor the railroads can show any improvement in
their business levels without prior improvement in the industries
which they serve. The iron and steel business may be accepted
as a barometer of trade conditions, but the fact remains it is an
averaging point for changes that precede it.
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If it can be ultimately shown that the repeated economic
disturbances are largely the result of unobserved changes in
individual demand induced by some prior major disturbance and
that these initial, causative changes are due to thoroughly
natural buying programs on the part of the great mass of the
people, some of the bitterness should be eliminated from our
consideration of constructive measures. Real remedies may then
find expression in cooperative rather than antagonistic views and
actions.

MEeTHOD OF APPROACH

The data utilized in this study are largely in index form.
For this purpose the indexes of productive activity computed
by the Federal Reserve Board for the food, textile, and building
industries were used. The actual output of motor cars was used
for the automotive industry. The first, second, and fourth
are purely quantitative while the third, embracing econtracts
awarded, involves the element of value. This latter index is
more commonly used.

One modification, however, of the existing data was made for
significant reasons. The period chosen as unity or 100 per cent
for the Federal Reserve Board data embraces the interval from
1923 to 1925, inclusive. Both the Federal Reserve Board and the
Department of Commerce use this period as a basis for measur-
ing trends. It is undoubtedly the longest period adopted as
standard in this country for such extensive series of data as
published by these two organizations. - This interval or shorter
ones are entirely satisfactory for tracing the paths of individual
industries but are not long enough to measure accurately their
relative importance with respect to each other. As an example
of this, it may be said that the years 1923 to 1925, inclusive,
were in an era of abnormally high building activity and to accept
this level as normal for building involves an error when the
concurrent levels of other industries are to be compared with it.
It is also a fact that, if a composite wave length such as that of
aggregate business is to be broken up into its components, the
more rapidly fluctuating industries should be related in correet
proportion to the longer wave taken as standard. For these
reasons, the data previously mentioned were converted from the
3-year base of 1923 to 1925 to the 10-year base of 1920 to 1929.
This has the technical advantage of setting up as standard a full
span of years between major depressions.

This conception of the statistical problem suggests that the
various statistical agencies, both private and public as they exist
in this country, might do well to agree upon a commeon standard
of sufficient length to provide adequate accuracy for all purposes,
rather than to base their data upon such widely varying times
and periods. This would greatly facilitate the comparative use
of such data.

In the indexes used in this analysis, the 10-year average for
each of the twelve months of the year is used as 100 per cent
and all points on the trends represent the activity for the corre-
sponding months expressed as a percentage of the 10-year
average for that month. Seasonal movements are thus elimi-
nated or thoroughly minimized. Other and more extended
methods involving a much greater expenditure of time would
result only in refinements that would not affect the conclusions
drawn. The various charts computed in this manner, therefore,
show both secular trends and non-seasonal deviations therefrom.
It is these non-seasonal deviations that become so highly sig-
nificant in this work.

Facrs DEVELOPED

The outstanding characteristics of the trends shbwn by this
data will be briefly summarized for each industry and will be
illustrated in each case by charts.
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Food Production. The trends in food production are shown
by the first chart in Fig. 1. Food production maintains a sharp
reversal in production from time to time but these fluctuations
are irregular in timing and deviate but little from an average
trend. This is to be expected as man must eat to live and his
capacity and requirements are very uniform. The secular trend
in this industry should properly show a slight upward inclina-
tion to the right. It does not do so chiefly because it has not
been adjusted for the gradual decline in recent years in the
consumption of meats and grains and coincident increase in the
use of fruits and vegetables. During times of economic stress
there is always a reduction in the demand for the less essential
foods and at the same time a decline in the amount of food
thrown away. This naturally results in a slight decline in food
production of some types.

Textile Production. By far the predominant class of textiles
is clothing. The second chart in Fig. 1 indicates the progress of
this industry. This trend is very striking. The secular increase
is definitely shown but the graph is chiefly significant for two
other reasons. First, deviation from the average trend is much
wider than that for foods and second, the variations are sharply
periodic. It will be noticed that there are clearly depressed
levels of varying intensity every other year. The low areas are
in the even- and the high levels in the odd-numbered years.
While the effect of the present depression has been to lower the
level of operations, the sharp periodicity has continued to
the present time. In other words, the peculiar periodicity has
not been destroyed by the present economic crisis up to this time.
While this index of production levels is based largely on spindle
activity, the same oscillating trends are shown in number of
people employed and wages paid. These are completely inde-
pendent data that cover the whole industry.

Building Construction. The third major activity of man is the
provision of shelter for his family and his various pursuits.
Building construction constitutes by far the greatest single
class of man’s fixed assets which he himself produces. The
third chart in Fig. 1 portrays the activity in this industry.
This picture is characterized by an extremely irregular month-
to-month movement, a rapid increase in trend up to 1926 fol-
lowed by an even more rapid decline beginning early in 1928
and by a wide divergence from the average.

The irregular movements from month to month are to be
expected from the highly individualistic and widely scattered
nature of the business. The rapid increase in trend up to 1926
calls for further explanation which will be given later. The
wide divergence from average is also a subject for later discussion
but it may be said that conditions of the industry make possible
extreme activity at times to be followed by extensive recessions.
Due to long structural life and the ability to “double-up” in the
use of shelter, deferment of additional construction may con-
tinue long after any real surplus of housing has disappeared.

Residences should be considered solely as consumer goods for
purpose of this analysis. Residential construetion is such an
important part of the total building program that the trend of
the whole industry normally assumes that of the residential
component. The importance of the residential division may be
illustrated by the data in Table 1. These data show the im-
portance of each class of construction regularly included in the
statisties gathered by the F. W. Dodge Corporation. The pro-
portions shown are based on totals of each class for the five-
year period from 1925 to 1929, inclusive.

These figures show that residential construction is virtually
as large as the next three largest classes combined but this
does not express the full measure of importance. The F. W.
Dodge statistics on residential construction do not include
the projects valued at less than five thousand dollars each.
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TABLE 1 RELATIVE BUILDING CONSTRUCTION VALUES
IN 37 STATES

Per cent
o
Class total value
Residential.......... ... . ... o . 40.9
Public works and utilities. . 18.9
Commerical.............. 14.6
Industrial.... .. . ... e 9.9
ducational....... ... ... ... e 6.3
Social and recreational............. ... ... ... ... ... ... 3.6
Hospital and institutional. . . 2.3
Religious and memorial.................. .. ... .o, 2.2
Public. .. ... 1.3
Total. ..o e e e e 100.0

If these were included the ratio of residential to total construc-
tion, conservatively stated, would be at least 55 to 60 per cent.
The great importance of individual requirements in this tre-
mendous industry is very significant. Incidentally, the extreme
futility of attempting to initiate recovery by an increase in
public-building construction should be indicated by the very
small value of this class in a period of great activity in such work.

The great irregularity in the trend of building construction
during the relatively short period covered makes it difficult to
draw definite conclusions regarding any trend toward periodicity.
Standard Statistics Company, utilizing available sources of
data, has compiled a statement covering probable annual build-
ing construction based on contracts awarded in millions of square
feet. These data are shown by them in adjusted series from 1900
to 1930, inclusive. From this source the data shown in Table 2
were derived. )

There is obviously a strong tendency toward a 3-year perio-
dicity measured in annual terms only. This is apparent in years
intervening both between successive peaks and successive
valleys. In each case where the interval between peaks was 4
or 6 years instead of 3 years there was an interrupting influence
in the form of a business depression. These may be defined as
the depressions of 1907, 1914, 1921, and 1924. The present
depression is having the same effect and the extension of decline
has been carried through the year 1932, making the longest
decline in building construction since the turn of the century.

Irrespective of cause, the effect of such depressions would be
to retard construction and to interfere with any influences that
might otherwise be at work.

TABLE 2 PERIODS OF FLUCTUATION IN BUILDING

CONSTRUCTION
Intervening Intervening

High difference, Low difference, Decline, Years of
volume years volume years per cent decline®

1905% .. 1908 .. 18.6 3

1909 4 1911 3 17.0 2

1912 3 1914 3 14.4 2

1916 4 1917 3 16.8 1

1919 3 1921 4 31.0 2

1925 6 1927 6 9.6 2

1928 3 .. ..

¢ Annual basis only.

b Construction volume in 1906 was only 0.8 of one per cent less than that
of 1905. If 1906 had chanced to be larger than 1905, the intervening differ-
ence first shown between high points would have been three years instead of
four, and under ‘‘years of decline’ the first figure would have been two years
instead of three years.

There is another peculiar manifestation in these figures which
calls for examination. Reference was made earlier to the rapidly
rising trend in construction levels up to. 1926 followed by the
sharp decline beginning early in 1928 as shown by the third
chart in Fig. 1. The data developed by Standard Statistics
offer a means for further analysis. This series was smoothed
by caleulating a 3-year running average and plotting the averages
at the middle year. The results of this are displayed in Fig. 2.
The normal shown in this chart was calculated by Standard
Statistics from the data as compiled by them. This chart shows
two very striking and sustained peaks centering, respectively,
in 1906 and 1926, that is, just 20 years apart. The peaks are so
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evident that no real question as to their existence can be raised.
The behavior of this trend and the interpretation to be made
later suggest that the computed normal may be somewhat high,
especially in the later years. This thought is also supported
by the fact that the building normal as calculated is increasing
materially faster than population in this 30-year interval. While
population was increasing by 65 per cent, the calculated normal
for building construction increased 130 per cent. A relative
increase in building construction is to be expected but the differ-
ence in this case seems too great. This has some significance in
view of later interpretation.

The trend of building construction shown in this analysis
seems to be composed, since 1900, of two major waves some 20
years apart superimposed on the top of which are ripples of a
predominating length of 3 years. The immediate effect of de-
pressions is to cause some deviation from this interval. It should
be understood that this three-year period is assumed to be
approximate in view of the fact that monthly data throughout
this interval are not available.

Automobile Production. With the development of our present
mode of living and with the prevailing distribution of population
and trade, individual transportation by motor car has become a
necessity for many people. The automobile is one of the most
widely distributed articles of high unit value and is predomi-
nantly utilized in the transportation requirements of the indi-
vidual. As far as this country is concerned, the automotive
industry is one of man’s most important economic activities.

Automobile production by years as reported by the National
Automobile Chamber of Commerce is recorded in Table 3.

In the foregoing table the combined production of cars and
trucks is shown in order to indicate the full activity of the in-
dustry. In general, the declines in a number of the years indi-
cated would have been numerically greater if passenger cars
only were listed. The passenger car is by a wide margin the
predominating factor in the industry.

While annual production is shown in Table 3, the fourth
chart in Fig. 1 shows the trend of the industry by months from
1918 to 1932, inclusive. The terrific non-seasonal fluctuations
in this important industry are apparent at a glance. Table 3
shows that the first decline in annual output in this industry
was encountered in 1918. Since then declines have occurred at
intervals of 3 years or in 1921, 1924, 1927, and 1930. The
continued decline in 1931 and 1932 is the first time such a decline
has exceeded one calendar year. The significance of these three-
year fluctuations will be discussed later.
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TABLE 3 PASSENGER CAR AND TRUCK PRODUCTION IN
UNITED STATES

Year Number Year Number Year Number
1900 4,192 1911 210,000 1922 2,544,176
1901 7,000 1912 378,000 1923 4,034,012
1902 9,000 1913 485,000 1924 3,602,540
1903 11,235 1914 569,054 1925 4,265,830
1904 22,830 1915 969,930 1926 4,300,934
1905 25,000 1916 1,617,708 1927 3,401,326°
1906 34,000 1917 1,873,949 1928 4,358,748
1907 44,000 1918 1,170,686° 1929 5,358,414
1908 65,000 1919 1,933,595 1930 3,354,870°
1909 130,986 1920 2,227,349 1931 2,390,000°
1910 187,000 1921 1,616,119® 1932 1,369,000°

° Years of decline from prior years.

Composite Trend of Four Industries. The foregoing summaries
of the progress of individual industries are confined to a recital
of facts determined in the manner described. Surely there can
be no serious question raised regarding these facts. In order to
emphasize the dissimilar trends of these industries, the four
prior charts have been combined in one. In this combined chart
each of the four trends has been slightly smoothed by three-
month-running averages. The comparison is shown in Fig. 3.

It is apparent at once that no two of these industries are
following the same path and that no one of them agrees with the
fluctuating trend of aggregate business as commonly pictured.
It is also obvious that in 1920 and 1921 all of them were simul-
taneously depressed and that this did not again occur until
1929 and 1930. It is apparent also that there have been partial
agreements in downward trends as well as complete and partial
agreements in upward trends in the interval covered.

It should be beyond logical question that during any period
of common agreement in trend, either upward or downward,
there will exist an extraordinarily strong stimulus to strengthen
and extend the movement due to the increased interaction of
the industries upon each other and the consequent influence on
purchasing power. In other words, full phase agreement upward
tends to create a condition of extraordinary prosperity while the
same agreement downward will promote abnormal decline.
This interaction which tends to be self-generating when under
way and accumulative in its total effects may be compared to the
phenomenon of “resonance” in electric circuits and in acoustics.

It seems logical to suggest in view of the picture shown in
Fig. 3 that if the prime origin of these economic movements
resides in general problems of money and credit, the stimulating
and depressing effects on the four industries should be more
nearly simultaneous throughout the period. That this is not so is
shown by the widely divergent peaks and valleys except at
certain intervals. It appears equally logical to suggest under



342 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS



MANAGEMENT

this conception of trade movements that the individualistic be-
havior of these industries may be due to other causes and, that
the money and credit structure does not suffer and finally fail
until a sufficient number of the all-important industries come
into phase. Thus the stimulus gained from simultaneous up-
ward trends engenders an extraordinary demand for credit
which creates a heavy burden of debt, the orderly liquidation
of which demands a continuance of trade at existing levels.
The sudden recession in trade which always follows extreme
heights begins, of necessity, at a high debt level. The satisfaction
of these debts results in a liquidation that becomes for a period
increasingly severe and under this strain the credit structure may
crack.

With these thoughts in mind it is in order to determine the
result of combining the trends of the four industries. When
this is done upon a weighted basis, approximating the pro-
portions which the four components assume in the family budget,
the composite trend shown in Fig. 4 results. For the purpose
of comparison, the trend in “Production of Manufactures”
as determined by the Federal Reserve Board is plotted to the
same scale and base. This is a volumetric index and embraces
a sampling of all the basic industries of the country included in
the census of manufactures. In addition to three of the four
industries embraced in this study it covers such industries as
iron and steel, non-ferrous metals, chemicals and oils, rubber,
leather, paper, ceramics, railroad equipment, and others.

The close agreement between these two graphs, with such
radically different components is obvious and of great significance.
This accord is not due to preponderant weighting assigned to
the four consumer industries in the Federal Reserve Board index.
The latter index includes no component from building con-
struction. This was assigned a weighting of 25 in the index of
consumer industries, leaving a combined weighting of 75 for
the remaining three industries. These same three components
in the Federal Reserve Board index have an aggregate weight
slightly under 31. It should therefore be clear that the
agreement shown is not due to coincidence in weighting. If the
Federal Reserve Board index was thus heavily weighted with
these consumer industries it would be tacit admission of their
outstanding importance.

This agreement between these two widely differing indexes has
been previously mentioned as the pivotal point in this study.
It is of great scientific significance. The principles involved in
the analysis and synthesis of harmonic and inharmonic wave
forms have been widely accepted and used in the scientific
world for years. As mentioned earlier in this paper, a striking
analogy exists in the treatment of composite wave forms of
electric voltage and current, and of sound. A sound wave is
normally composed of a certain fundamental wave length upon
which are superimposed a number of waves of higher frequency
or shorter lengths. If this longer wave length is a multiple of
all the shorter wave lengths included in the tone, the shorter
waves are said to be harmonics of the longer and the result
is a musical tone. If these shorter wave lengths are not exactly
divisible into the longer, the relationship is inharmonic and the
result is noise. The latter condition governs the aggregate
business curve, a fact which is not inappropriate as this wave
has certainly produced its full quota of noise. If these relation-
ships were strictly harmonic their onset would be predictable
with greater accuracy and the disturbance would assuredly be of
even greater severity.

Whether these relationships are harmonic or inharmonic, one
fact of scientific acceptance stands out and this is that the
outline or contour of the composite wave form is definitely due
to the shape and relative importance of its components. A
corollary of this is that those influences which are responsible
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for the differing fluctuations of the components are inherently
responsible for the movements or shape of the compound form.

A clearer conception of the result of combining two periodic
and symmetrical waves may be gained from Fig. 5. In this
case the wave indicated by the heavy line is the resultant of
the two waves of 2- and 3-year periodicities which are shown in
full and dotted light lines, respectively. If undistorted by ex-
ternal causes this wave would be repeated every six years.

The problem then remains to discover the motivating in-
fluences that result in the widely differing paths of the four
dominant industries.

Before proceeding further with this analysis, it will be well to
develop briefly the relationship between production and demand.
There is much misunderstanding and disagreement about these
two divisions of economic endeavor. The statistics of the De-

Fig. 5 Combination of Periodic Wave8
partment of Commerce and of the Federal Reserve Board jointly
include much valuable data on inventories and production.
Unfortunately, there is relatively little information on sales or
demand. Reference has just previously been made to the index
of production of manufactures computed by the Federal Re-
serve Board and which is plotted in Fig. 4. The Department
of Commerce calculates an index of stocks or inventories of
manufactured goods. The industries sampled in this case in-
clude the same comprehensive list of basic industries as those
used in the production index. These indexes may then, for the
moment, be considered as comparable; Notwithstanding the
lack of sales data, the existence of these two measures affords
a thoroughly convenient means of securing the sales trend.

The accuracy and significance of the following formula are
obvious:  Inventoryi + Production — Inventoryj = Ship-
ments or Sales, where “Inventoryi” and “Inventory/’ are
respectivel