A Study of The Acceleration Principle

By
Jung~chao Liy, Ph. D.

Department of Economics

The object of this paper is to define in detail the meaning of the accele-
ration principle and to discuss some difficulties in its application in the real
economic world: Since the acceleraion principle has been regarded as an imp-
ortant ¢omiponent of economic theory it has been used for the explanation of
Business cycles, and recently it has been further developed to- explain economic
growth. This paper will emphasize the implication of the acceleration principle
to the business cycle. |

The acceleration principle can be stated as a quantitative rellfatidnship between
a change in the demand for consumption goods and the resulting change in the
demand for investment goods. A slight change in the demand for consumption
goods will cause a greater fluctuation im the demand for investment goods.
Because of this magnified effect of demand for investment goods; this relat-iqn-
ship is called the “acceleration” principle.

In this definition, both terms—investment goods and consumption goods
are used in relative concepts. In comparing two kinds of goods, if the difference
of the procedural order exists in their process of production, then the one which
1§ closer to the earlier stage of production is. called an investment good; while
the one which is closer to the use of the ultimate consumers is called a cons-
umption good. Thus, the same good may be an investment good in one case
and a consumption good in the other case. For example, construction tools are
investment goods relative to the demand for houses, but the same construction
tools are consumption goods in relation to those machines through which these

constriétion tools are produced.
~ The distinction between mves’cment goods and consumptlon goods used here
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is not necessarily identical with the conventional way. For example, in national
income analysis, automobiles are classified as consumption goods, but for our
purpose here, automobiles are investment goods in comparison to the con-
sumers’ demand for transporfation services. Generélly speaking, capital goods
and other durable goods are mostly investment goods; and final goods and other
non-durable and semi-durable goods are mostly consumption goods.

" In a primitive or an agricultural economy, economic factors such as labor
and land are employed more or less directly for production of consumption
goods. Thus the amount of employment of labor and land moves approximately
in proportion to the level of the demand for consumption goods, except for
some qualitative changes such as the law of diminishing returns relating to
land or a change in labor skills. When consumers’ demand increases twice, the
eifnpl‘oynﬁent of land and labor must also expand twice in order to satisfy con-
sumers’ wants, and there is no discrepancy whatsoever between the production
of consumption goods and the employment of the economic factors.

" In the case of an industrialized economy, this principle will no longer
hold true. Instead of using productive factors directly for producing consum-
ption goods, the capitalistic way of production uses the round-about technique;
namely that of producing a long series of capital goods before producing
consumption goods. Generally, a greater value of capital goods is required in
order to produce a given value of consumption goods. The ratio between the
amount of investment goods which is required to satisfy the change in the
demand for consumption goods is called the value of the accelerator. If five
dollars’ worth of capital goods is required to produce one dollar’s worth of
consumption goods, the value of the accelerator will be five. The value of the
-accelerator (or the capital coefficient) depends upon the technology of produ- ‘
ction and the kind of goods that capital goods are producing. ‘

Capital goods which are created for the production of -consumption goods

can be used fo produce consumption goods for a long time. Because of this
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durability of capital goods, once capital goods are created, they will, except
for the gradual wearing-out process, remain on and sustain the same level of
productive capacity, thus enabling the production of the same amount of con-
sumption goods in the future. For example, during the last half of the nine-
teenth century, railroad construction brought a tremendous investment boom.
But once a railroad was built to the required level, there-was obviously no
need in rebuilding capital goods all over again. The only need of capital goods
was for repairing, renewing, and replacing.

The explanétion indicates that the acceleration principle is mainly concerned
with part of investment which is related to the change in the demand for con-
sumption goods or output. Some investments are independent of the demand
for consumption goods or output. Such investments are termed autonomous
investments. Autonomous investment is the process of providing more capital
per worker on account of the improvement of technology. In contrast to an
autonomous investment, the part of investment which occurs as a result of the
change in the demand for consumption goods or output is sometimes called an
“induced investment” or “derived demand for investment”.

Furthermore, unless total demand for consumption goods or output changes

(in a static sense) or unless the rate of change of total demand for consump-
tion  goods changes (in a dynamic sense), there is no need of investment. Thus
the -acceleration principle is apparently referring to “new investments.” A new
investment differs from a replacement investment in the sense that the former
is an increment of the stock of capital goods, while the latter is the renewing
process of old investents in order to maintain the existing level of capital
goods.

Three cases of new and induced investment are particularly important in
the operation of the acceleration principle. These are: the derived demand for
capital goods, durable consumers’ goods, and inventory stocks. In each of the

three, the general formula of the acceleration principle is similar.
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The first case is the derived demand for .capital goods. The derived
demand for capital goods takes place as a result of changes in the demand for
consumption goods—goods which capital goods are intended to produce. The
intensification of the derived demand for capital goods can be demonstrated
most clearly by means of concrete examples.

Suppose there are 500 units of machines producing 100 units of consumptibn
goods (or output) and the ratio of machines and production of consumption
goods does not change (in this case the ratio is five). Furthermore, the average
life of capital goods is assumed to be ten years; then, ten per cent of capital
goods must be replaced every year. In this case, 50 units of machines must
be replaced every year. Now, if the demand for consumption goods changes
from 100 units to 110 units (a ten per cent increase), 50 units of new investment
on machines will be required in order to produce an additional ten units of
consumption goods. Adding together 50 units of the investment with 50 units
of replacement investment, the total demand for investment goods (machines)
needs 100 units, which is a 100 per cent increase of machines. Thus, a ten
per cent increment of the demand for consumption goods ensues a 100 per cent
increment of investment goods (machines).

If, in the next year, the absolute amount of consumption goods increases
but with a smaller rate of increase, for example, an eight per cent increase
instead of a ten per cent increase as in the previous year, then the demand for
consumption -goods will be 118.8 units. To produce 118.8 units of consumption
'goods, the total need for investment goods (machines) will be -94 units (44
units {or the new investment and 50 units for replacement investment). . This
means that the production of investment goods decreases from 100 units to 94
units. The mere decline in the rate of increase in the demand for consumption
goods, -though the absolute amount of consumption goods is still increasing,
will result in the absolute decline in the demand for investment goods. -

The above example indicates clearly the essence of the acceleration prin-
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ciple; namely, the demand for investment goods depends upon the rate of
change of the demand for consumption goods and not upon the level of the
demand for consumption goods. Even the demand for consumption goods is
increasing in its absolute amount, if the rate of increase is less than the previous
year, the demand for investment goods will decline absolutely.

The same principle is also applicable to the reverse movement where the
demand for consumption goods is decreasing instead of increasing. For example,
if in the previous example the demand for consumption goods decreases from
100 units to 90 units (a ten per cent decline), the total demand for investment
goods will be zero, because 50 units decline in the demand for new investment
as a consequence of a ten per cent decrease of the demand for consumption
goods. Now, if the demand for consumption goods decreases, but decreases at
a smaller rate, for example, decreases eight per cent instead of a ten per cent
decrease of the previous year, then the demand for consumption goods will
decline from 90 units to 82 units. In this - circumstance, .the total demand for
investment goods will increase from zero to 14, because of the 36 units of
disinvestment, as a result of the decline in the demand for consumption goods
from 90 units to 82.8 units, must be subtracted from 50 units of annual repl-
acement demand for investment. Here, we reach the same conclusion as in the
upward movement; that is, the demand for investment goods is related to the
rate of the decline in the demand for consumption goods and not to the level
of the demand for consumption goods, although in this reverse movement, the
application of the acceleration principle is somewhat limited by the fact that
the total investment can.not be negative. Investment. in machines can be me:
asured only through the slow process of wearing out; thus, the disinvestment
caused by the acceleration principle will cease to affect the demand for inve-
stment goods when’;the total investment becomes less than zero. As a result of
the working of the acceleration principle, the demand for investment goods

will increase, even though the demand for consumption goods is falling, if the
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rate of the decline is less than that of the previous year.!

Some writers explain that the most significant aspect of the acceleration
principle is due to the fact that in spite of the continuous increase (or decre-
ase) in the demand for consumption goods, the demand for investment goods
will decline (or increase) only if the rate of increase (or decrease) diminishes
in comparison to the previous year'. This fact explains not only the dynamic
nature of the modern economic system, but also the turning points; in other
words, why the economy moves inevitably downward after the upward move-
ment and turns back to the upward movement again after the downward
movement and so on continuously.

Another important proposition involved in the explanation of the accele-
ration principle is why a highly industrialized economy suffers more severe
economic fluctuations than a less highly industrialized economy does. A highly
industrialized economy uses more durable goods, and according to the explan-
ation of the acceleration principle, the intensity of the economic fluctuation
depends upon the ratio of the replacement demand to the total stock of capital
goods, and this ratio is in turn determined by the degree of durability of
capital goo‘ds.‘ The longer the average life of capital goods, the longer will
its service be available without further installation of capital goods; therefore, \
the ratio of replacement demand to the total stock of capital goods will be
smaller. For a smaller ratio of replacement demand to the total stock of capital
goods, the economic fluctuation will be more severe.

The dependence of the intensity of the fluctuation of derived demand on
the average life of durable goods can be illustrated by varying the assumption

of the average life of capital goods in the previous example and observing the
i

1. See Earl C. Hald, Business Cycles (Boston: Houghton Mifflin Company,
1954), p. 163 and p. 165; also, J. R. Hicks, A Contribution to the Theory of
the Trade Cycle (Oxford: The Clarendon Press, 1950.)
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difference in the results.

Assume the average life of capital goods (machines) is twenty years instead
of ten years as in the previous example; then five per cent of capital goods
will be replaced every year. This means the annual replacement demand is 25
units. Now if the demand for consumption goods changes, as in the previous
example, from 100 units to 110 units (a ten per cént increase), 50 units of new
investment are required in producing an additional ten units of consumption
goods. Adding together 50 units of new investment with 25 units of replacement
investment, the total demand for investment goods is 75 units, which is 200
per cent increment of investment goods. Thus, with the longer life of capital
goods, the greater will be the severity of {luctuation.

The second case of the working of the acceleration principle is the derived
demand for durable consumers’ goods. The best examples of durable consumers’
goods are automobiles and houses. The intensification of the demand for auto-
mobiles or houses occurs as a result of the change in the demand for services
for which these durablé consumers’ goods‘ are intended to provide.

The previous analysis of the derived demand for capital goods can be
readily extended to the derived demand for durable consumers’ goods without

- any substantial change. Here, automobiles (or houses) represent investment
goods, and transportation services (or rental services) represent consumption
goods. Suppose public demand for transportation services rises to a new level,
this demand can be satisfied only by investing more on production of autom-
obiles. But once automobiles are created, no need of further investment 1is
necessary except for replacement. Thus the demand for automobiles depends
upon the rate of change in the demand for transportation services; consequently,
the magnified effect of the demand for automobiles will occur because of the
working of the acceleration principle. |

The third case is the derived demand for inventory stocks. There are

several points in the practice of retailers’and wholesalers that are analogous
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to the derived demand for capital goods and durable consumers’ goods. The
wholesaler does not purchase goods for the purpose of satisfying consumers
directly, but his purchases are for future sales. Although goods held for
inventory stocks may be perishable, the inventory stocks as a whole can be
considered as durable. Furthermore, there seems to exist a fairly constant
ratio between the amount of merchandise stocks and the volume of current
sales (this ratio can be considered as the value of the accelerator).

The relationship between retail sales and wholesale sales can be illustrated
by an arithmetical example: If the ratio of current merchandise stocks to
monthly sales is 4 to 1, and the monthly sales in a given month are 100 units,
then the merchandise stocks need 400 units. Now, if the monthly sales rise from
100 units to 105 units (five per cent increase), 25 units of merchandise will
be newly purchas/ed in order to maintain the 4 to 1 ratio between current
sales and inventory stocks (20 units for the additional stocks for the increment
of sales of 5 units, and 5 units purchased for additional consumers’ demand).
The result shows that when the sales rise five per cent, the purchase by the
wholesaler will rise 25 per cent (100 units to 125 units). If, in the next month,
the sales stay at the same level, 105 units, the wholesaler’s purchase needs
only 105 units, which means a decline from 125 units to 105 units. Thus, a
mount of inventory investment fluctuates according to change of the volume of
sales. And even when the level of sales is expanding, if the rate of expansion
in sales volume begins to slow down, inventory investment will decrease.

Kuznets’ survey of statistical data during the period between 1919-1925,
though materials are by no means complete, reveals an intensified fluctuation
in the volume of wholesale sales as compared to retail sales.?

Of these three cases of the application of the acceleration principle, the

2. Simon 8. Kuznets, Cyclical Fluctuations (New York: Adelphi Company?
1926), pp. 162-201,
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derived demands for capital goods and durable consumers’ goods areprobably
more important than the derived demand for inventory stocks. Capital goods
and durable consumers’ goods are by nature more durable than inventory stocks,
and with the longer durability, the intensification of fluctuation will be greater
as a consequence of the acceleration principle. On the other hand, the relation-
ship between retail sales and wholesale sales is not very apparent, because
wholesale sales are influenced not only by the amount of retail sales as the
acceleration principle assumes, but also by speculation as to the expected price
or cost of the merchandise in the future. When prices are goiog to rise, present
purchases increase and inventory stocks will be accumulated. On the other
hand, if the prices are expected to decline, buying will be discouraged and the
existing stocks will tend to be disposed of.

Furthermore, between the derived demand for capital goods and durable
consumers’ goods, perhaps, durable consumers’ goods suggest a more .complete
working of the acceleration principle than capital goods do. This is especially
true during a depression when there is a large excess capacity in the economy.
The acceleration principle will be limited more in affecting induced investment
for capital goods, because capita¥ goods can be satisfied by utilizing the excess
capacity. This limitation of the acceleration principle is less in durable consu-
mers’. goods, because even in a deep depression, at least replacement investment
is necessary in order to maintain transportation services or rental services.

So far, the demonstration of the acceleration principle under simplified
‘a‘ssumptions shows clearly the logical consequence arising out of the technical
relationship between the demand for investment goods and the change in the
demand for consumption goods or output. The validity.of an economic principle,
however, rests largely on its applicability to reality as well as on its logical
consistency. In the actual world, perhaps, investment is likely to interrelate with
consumption or output in a more complex manner than the acceleration principle

tends to suggest. Particularly, there are three assumptions, which need our
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critical reconsideration, These are: the problem of replacement demand, the
problem of excess capacity, and the problem of expectations. -

The first problem, the problem of replacement demand, is mainly concerned
with capital goods and durable consumers’ goods and not so much with inven-
tory stocks. Usually, a discussion of the acceleration principle comes under the
assumption that the level of replacement demand is constant throughout the

cycle. Is replacement demand constant? If not, how would replacement demand

affect the working of the acceleration principle?

There are two ideas in regard to variations in replacement demand: One,
represented by J. M. Clark, emphasizes the level of output as the determinant
of the level of replacement demand; the other, represented by J. R. Hicks,
emphasizes the average life of investment goods as responsible in determining
the level of replacement demand.

J. M. Clark distinguishes between new investment and replacement demand.
New investment is related to the rate of change of consumption goods, but
replacement demand is related to the level of the demand for consumptioh'
goods.®

A difficulty arises when the influence of replacement demand is taken into
consideration. According to the acceleration principle, when the demand for
consumption goods is expanding continuously in its absolute amount but dimin-
ishing in its rate of expansion, the resultant investment will decline absolutely.
This conclusion is not necessarily true, because when consumption or output
expands to the higher level, the necessity of replacement will also be greater.
This greater amount of replacement demand may be large enough to offset the
decline of new, induced investment, so that investment as a whole may continue

to grow instead of decline.

3 J. M. Clark, “Business Acceleration and the Law of Demand,” The
Journal of Political Economy, Vol. 25, No. 3, (March 1917), p. 220.
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The other idea explains changes in replacement demand in terms of the

average life of investment goods. The average life of investment goods is
found by averaging the lives of various kinds of investment goods, and this

average is assumed to be constant. The difficulty of this explanation, however,
is that the assumption of constant life distribution is uncertain. Usually,
investment takes place during the boom period, and for a considerable time
after an investment boom, investment goods remain new and do not require
replacement. Later, when the time comes that investinent goods start wearing
out, replacement demand will rise; thus, replacement demand constitutes its
own cycle instead of remaining constant. Furthermore, on account of technol-
ogical improvement new machines may not be needed so much to replace old
machines in order to maintain the same productive capacity.
~J. R. Hicks discusses this problem also from the staﬁdpoint of life distri-
bution of investment goods. He admits the 'importance of replacemént cycles
in the working of the acceleration principle, but thinks that repiacement cybleé
will become so damped after a time that they may be igrﬁored.4

The complexity of the problem of replacement demand is intensified by
the lack of empirical knowledge on this subject. The difficulty of empirical
study is largely due to the vagueness of the distinction between new and
replacement investment. It is difficult to determine whether a particular act of
investment is adding to or merely maintaining the stocks of capital. In some
cases, investment of investment goods appears to be both new and replacement
demand. This is the cause of the difficulty of distinction. '

Another problem is concerned with excess capacity. Usually, a discussion\
of the acceleration principle is carried on under . the assumption that there is
no excess capacity existing in the economy as a whole. In other words, firms

are assumed to be operating at full capacity. Thus, any expansion of the

4) J. R. Hicks, op. cit., pp. 37-55
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demand for consumption goods or output must be met by the proportional
increase in the production of investment goods. If the expansion of the demand
for consumption goods starts from a conditon of large excess capacity, produc-
tion of consumption goods can be satisfied by utilizing the excess capacity
without investing in new investment goods.

This problem is especially important during a period of depression when
a large excess capacity exists in the economy. Some writers, consequently,
criticize the unsymmetrical nature of the acceleration principle on the ground
that the principle can make but little explanation of the lower turning point

of business cycles. To this problem, J. M. Clark argues that excess capacity

is merely a temporary phenomenon, which will exhaust itself vduring an
upswing of economic activity, and the acceleration principle will sooner or
later start operating.® o

~ The prqblem of excess capacity is undoubtedly an important qualification
of the acceleration principle. But the discussion is sometimes confusing because
of the lack of a clear-cut definition of the term “excess capacity.” If by
definition excess capacity means there is no idle éapacity at all, then the
economy always has an excess capacity because entrepreneurs must prepare
for seasonal fluctuations and emergencies. The vital problem of excess capacity,
t}}erefore, is not the physical volume of excess capacity but rather whether or
not firms are operating under the most efficient way of production.

A third problem is concerned with expectations. Usually, the acceleration
principle assumes that induced investment is related mainly to current demand
for consumption goods or output. Whenever consumers’ demand or output is
increasing, entrepreneurs do not hesitate fo invest. In other words, intensity of
the utilization of capital goods does not vary over the cycle.

But, investment activities are not only affected by change in the demand

5. J. M. Clark, op. cit.
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for current consumption goods or output, but also are affected by the pessimism
and optimism of entrepreneurs as to the expectations regarding the future
behavior of consumption goods and output. Furthermore, in actual business
practice, it is generally observed that the variation of the ratio between output
and investment goods | occurs when entrepreneurs change the propoftion of
labor and capital in the process of production. If in the process of production
more is used, such as overtime work or fhe employment of additional workers,
entrepreneurs can expand output without a proportional increase in the usé of
investment goods. As to whether entrepreneufs will produce by labor-consuming
or capital-consuming methods, decisions are dependent upon expectations of
changes in wage-rate, price level, profit-rate, and credit availability.

Some writers deal with this problem by taking an ecle>ctic viewpoint, and
combine the psychological factor of expectation with the technical factor of
the acceleration principle in explaining business cycles. After all, it is difficult
to say to what extent new investment is determined by expectations or by the
change in demand for consumption goods or output. But there is a strong
“element of truth in the acceleration principle; namely, that the amount of an
entrepreneuf’s decisions on investment are, to some extent, go?efﬁed by a
comparison of the output .he can’ produce By the most efficient ﬁtilization of his

existing facilities and the output to which consumers’ demand is expected to

change.
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