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 ON THE MARGINAL PRODUCT OF CAPITAL AND THE

 MARGINAL EFFICIENCY OF INVESTMENT

 ABBA P. LERNER

 Roosevelt College

 I

 A TTEMPTS to apply the principles of
 marginal analysis to the theory
 of capital lead to many difficul-

 ties. While a good many of the difficulties
 are traceable to the heterogeneity of the
 many different things that are included
 in "capital," the more basic and more
 baffling of the difficulties would still be
 encountered even if capital were com-
 pletely homogeneous. A more basic diffi-
 culty, which is obscured by the "index-
 number" problem raised by the hetero-
 geneity of capital, comes to the surface if
 the heterogeneity of capital is taken out
 of the picture by one device or another.
 Perhaps the most tempting of such de-
 vices is the device of measuring the quan-
 tity of capital by its "dollar volume" or,
 in ether words, by its value.1

 II

 How unsatisfactory it is to measure
 the quantity of a factor of production by
 its value may be brought out most clearly

 by supposing the same procedure to be
 followed for any other factor of produc-
 tion. Let us suppose that we used this
 procedure in analyzing the effect of an in-

 crease in the supply of labor on its mar-
 ginal product. The resulting fall in the

 wage (in the long-period equilibrium)
 would reduce the value of the previous
 supply of labor, and this reduction in the
 value of the previous supply of labor
 would have to be subtracted from the
 value of the additional labor which is the
 denominator of the fraction measuring
 the marginal product of labor. This
 would make the "corrected" marginal
 product of labor greater than it appeared
 before. If the decrease in the value of the 1 An interesting example of this procedure is to

 be found in Lloyd Metzler's "The Rate of Interest
 and the Marginal Product of Capital," Journal of
 Political Economy, LVIII (1950), 289-306, and
 "The Rate of Interest and the Marginal Product of
 Capital: A Correction," ibid., LIV (1951), 67-68,
 where it logically leads to confusing conclusions
 such as that the benefit to society from an increase
 in capital is not measured by "the marginal product

 of social capital"; that the social marginal substitu-
 tion between present and future consumption is
 measured not by the "marginal product of social
 capital" but by the "private marginal product of
 capital": and that in long-period equilibrium the
 marginal product of capital would be equal to the
 rate of interest only by accident.

 1
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 2 ABBA P. LERNER

 previous supply of labor were equal to
 the value of the additional labor, the de-
 nominator would fall to zero and the

 ''corrected" marginal product of labor

 would be infinite! And if the value of the
 total supply of labor should fall, that is,
 if the elasticity of demand for it were less
 than unity, the marginal productivity

 would be-should we say-greater than
 infinity or-should we say-negative? It

 clearly does not make any sense to pro-
 ceed in this way.

 Yet in the case of capital this proce-
 dure is most tempting. It may be defend-
 ed as natural, since everybody measures
 his capital in dollars. It may be defended
 as appropriate, since the equilibrium
 (which is the long-term stationary equi-
 librium) is one in which everybody is
 just satisfied with the value of his capital
 stock in relation to his income so that he
 does not try to convert some of his in-
 come into capital or vice versa. It may be
 defended as unavoidable, since there is no
 other homogeneous measure for the het-
 erogeneous collection of items that make
 up the capital goods that constitute the
 social capital. And most of all it can be
 defended as essential if the marginal
 product of capital is to be compared with
 the rate of interest. Only if capital is
 measured in the same units as the income
 yield is it possible to declare the marginal
 product to be so many points per cent
 per annum and see whether it is equal to,
 greater than, or less than the rate of in-
 terest. And yet the results of measuring
 capital by its value never turns out to be
 of any use for solving any problem.

 III

 The essential trouble is clearly con-
 nected with the problem, or perhaps
 rather the conundrum, of measuring the
 quantity of capital in an economy and of
 comparing this measure for different sta-

 tionary states. It has been stated that the

 difficulty arises from "the fact that it is
 impossible to find an invariant unit in

 which to measure the social quantity of
 capital" but that the "problem of meas-
 uring the quantity of capital is not an in-
 dex-number problem . .. the problem
 ... would exist even in the simplest
 economy in which all output consisted of
 a single type of consumers' goods."2

 Nevertheless, in a profounder sense
 the problem is an index-numberproblem.

 An index-number problem arises when-
 ever two (or more) different kinds of
 things have to be combined in a single
 measure. It is true that there is no index-
 number problem involved in measuring
 the quantity of capital if there is only one
 kind of capital good, but our problem
 would still be with us if there were only
 one kind of capital good and only one
 kind of consumption good. The measure-
 ment of the marginal product of capital
 still would involve measuring the capital
 and the consumption goods in the same
 units so as to obtain a pure number for
 the marginal product of capital that
 could be compared with the rate of inter-
 est. Unless this is done, the closest we
 could get to an expression of the marginal
 product of capital to compare with a rate
 of interest would be to say that "the
 marginal product of a hundred more
 units of capital would be five units of
 consumption goods per annum." But this
 would not mean a marginal product of
 capital of 5 per cent per annum, because
 the statement depends on the units that
 are used in measuring capital and on the
 units used in measuring consumption
 goods. We can get a measure to compare
 with a rate of interest only if there is a
 single unit for measuring both the capital
 goods and the consumption goods, and

 2 Metzler, "The Rate of Interest and the Mar-
 ginal Product of Capital," op. cit., p. 292.
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 CAPITAL AND INVESTMENT 3

 this is essentially an index-number prob-
 lem. The problem is evaded by measuring
 both capital and consumption in dollars,
 and it is evaded only with disastrous con-
 sequences for the validity of the analysis.
 The easy way out of taking the value of
 capital as the measure of its quantity is
 really no way out.

 It is possible to eliminate the problem
 by sufficiently extreme abstraction. This
 is done most effectively by Professor
 Knight in his account of "Crusonia,"
 which is conceived as "living on the natu-
 ral growth of some perennial which grows
 indefinitely at a constant (geometric)
 rate, except as new tissue is cut away for
 consumption."3 Here both the capital
 and the consumption are of the same
 kind of thing, so that there is a marginal
 product of capital of so many percentage
 points per annum which is comparable
 to a rate of interest and, in equilibrium,
 equal to the rate of interest. There can be
 no appreciation or depreciation of capital
 in terms of consumption, since they are
 both the same thing. There are no factors
 of production other than the stock of the
 perennial. The valuation of this as capi-
 tal is nothing but the capitalization of
 the expected future income, discounted
 at the rate of interest. This comes to the
 same as the current flow of new growth
 on the perennial divided by the rate of in-
 terest. Thus if the rate of growth is 5 per
 cent per annum, so that 100 tons of the
 perennial becomes 105 tons in a year if
 none of it is cut away, and the accretion
 of new growth is at the rate of a million
 tons a year (so that this would be the
 total accretion if there were none cut
 away for a whole year), then the capital
 is twenty times the annual growth or in-
 come, or twenty million tons, and its

 value is twenty times the value of the
 annual income.

 If, then, there is an increase in capital,
 capital and income increase in exact pro-
 portion, while the rate of interest stays
 the same-remaining equal to the con-
 stant rate of growth. There being no
 change in the rate of interest, which in
 the system cannot change, there is no
 problem of any possible change in the
 valuation of the capital in terms of con-

 sumption goods.

 IV

 In the more common but less heroic
 abstractions that follow the Austrian
 fashion this method of avoiding the prob-
 lem is not available. Labor is applied to a
 productive process illustrated by the
 maturing of timber, the quantity of capi-
 tal corresponding to the period of time
 that elapses from the application of labor
 in planting the trees to the time when
 they are ready for the ax. With diminish-
 ing returns from lengthening the period,
 an increase in capital per worker, which
 goes with a longer period of production,
 must also be accompanied by a lower rate
 of interest in the new equilibrium equal
 to the lower marginal rate of growth. The
 existing capital (which consists of the
 standing trees) increases in value in
 terms of the product, timber, because its
 value is nothing but the discounted value
 of the timber it is going to yield, and the
 rate at which it is discounted is lower.4 At
 the same time the capital falls in value
 relatively to the value of labor (or the

 3Frank H. Knight, "Diminishing Returns from
 Investment," Journal of Political Economy, LIV
 (1944), 26-47; see ibid., p. 30.

 4 It is true that the discounting will be over a
 longer period now, but this is more than offset by
 the greater yield of timber to be discounted, since
 the rate of growth diminishes continuously over the
 time by which the period of production is length-
 ened. The average rate of growth over this period
 must therefore be greater than the rate of discount
 because the latter is equal to that lowest rate of
 growth which is found at the end of the longer
 period.
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 4 ABBA P. LERNER

 wage) which must be higher in the new
 equilibrium to remain equal to the dis-

 counted value of its marginal product,

 the marginal product of labor being
 greater and the rate of discount less.5

 The previously existing capital there-

 fore increases in value in terms of the

 output, timber, and falls in value in terms
 of the input, labor. Should we consider
 this a capital gain or a capital loss? If we
 use consumption goods (here represented

 by the output of timber) as the measure
 of value, we must say that there is a cap-
 ital gain. But, if we use labor as the meas-

 ure of value, we must say that there is a

 capital loss. Where the final product is
 not timber but some further product
 made by timber in co-operation with di-
 rect labor, it is possible for the price of

 timber to fall so much in terms of the
 final product that the capital (which
 must increase in value in terms of timber)
 will fall in terms of the final product, so
 that there is a capital loss not only in
 terms of the input (labor) but also in
 terms of the final output (though not in
 terms of timber).

 The classical economists, like the
 Austrians, used models in which labor is
 used to produce final products which are
 different from both the labor and the

 capital instruments, so that they, too,
 were unable to avoid the problem in the

 verve neat manner available to Knight.
 But they had another way out. They

 would not reach the new long-period
 equilibrium as long as the wage remained
 above the subsistence level. The supply

 of labor would increase until the margin-
 al product of labor was no higher than
 in the original equilibrium. The addition-
 al capital would then all be used up in
 employing the addition to the laboring
 population in the same manner as before.
 There would be the same wage, the same
 rate of interest, the same period of pro-
 duction, and no appreciation or depreci-
 ation of the existing capital either in
 terms of consumption goods or in terms
 of labor or in terms of any intermediate
 product. Except for the scale of opera-
 tions, and other possible complications
 caused by increasing scarcity of land
 which are not directly relevant to our im-
 mediate problem, everything is exactly
 the same.

 The classical solution, however, does
 not succeed, as Knight's does, in showing
 equality between the marginal product of
 capital and the rate of interest, except in
 those formulations which seem to assume
 that the capital does in fact consist of
 consumption goods in some mystical
 "wages fund."

 V

 It is of interest to see how Knight's
 model and the classical model fit in with
 the notion of a period of production cor-
 responding to the quantity of capital or
 the degree of capital intensity.

 These concepts have no place in
 Knight's scheme. An increase in the
 quantity of the perennial plant, brought
 about by failing to consume the whole of
 the growth, does not change the manner
 of production in any way whatever.
 Nothing is changed but the scale. The
 growth of the perennial plant being at a
 constant (geometric) rate, proportional
 to the quantity of it in existence, and the
 only input (in the stationary state) con-
 sisting of a decision not to consume more
 than the current accretion, the period of

 IAgain the discounting will be over a longer
 period, but, as was pointed out in the previous
 note, the additional growth over the extra period is
 at an average rate somewhere between the old

 rate of interest and the new lower rate of interest,
 so that it is greater than the new lower rate of inter-
 est, and the lengthening of the period adds to the
 increase in the discounted value of labor's marginal
 product that would result from a simple reduction
 of the rate of discounting.
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 CAPITAL AND INVESTMENT 5

 production is completely arbitrary. The
 current growth may just as well be con-
 sidered as due to the stock not being con-

 sumed five years ago as to its not being
 consumed a hundred years ago or to its
 not being consumed one second ago, so

 that the period of production concept is
 quite meaningless.

 Another way of looking at this is to
 imagine the exponential curve that

 would correspond to the constant geo-
 metric rate of growth. At the rate of in-
 terest which is equal to this rate of
 growth (both being, say, 5 per cent per
 annum), it makes no difference which
 length of period one is supposed to use. It
 is as though we had a forest in which it
 made no difference what was the age of
 the trees cut down. Whether we cut
 down seedlings or mature trees or trees
 thousands of years old, as long as we did
 not remove more than a certain number
 of tons of timber each year, the forest

 would continue to give the same yield
 forever. In terms of Figure 1 it is as if the
 productivity curve so(t) (which shows the
 amount of timber that can be produced
 per year by each worker as a function of
 the length of time the trees are permitted
 to grow) were an exponential curve like

 the interest curve vouc and coincided with
 it. Instead of there being an optimum
 period of production (or optimum age of
 trees for cutting) equal to Oto, where the
 discounted value of the timber is at a
 maximum, any period of production
 (that is, any age of tree for cutting)
 would be just as good as any other.

 But as soon as we leave Knight's
 perennial and consider forests where it
 does make a difference at what age the
 trees are cut, the period of production
 does become relevant. And the same kind
 of thing, that is, the existence of many
 methods of production with different
 time dimensions and having different ef-

 ficiencies, is true of all production outside
 of "Crusonia."

 The essential difference between "Cru-
 sonia" and the Austrian model is that in
 "Crusonia" the miraculous perennial con-
 stitutes the whole of the productive re-
 sources. If all the factors of production
 were increased, there would be no reason
 for diminishing productivity or for any
 optimum quantity of capital (like that
 corresponding to 00 in Fig. 1).

 In the Austrian model there is a sharp
 dichotomy between services whose

 9~~~~~~~ 4

 WI---

 VI --

 V0

 o to

 FIG. 1

 sources of supply are fixed (the services
 of land) and services whose sources of
 supply may be increased or decreased
 (the services of capital). Land, being
 fixed in supply by definition, yields a
 fixed flow of services. The supply of la-
 borers being determined by forces out-
 side the province of pure economics (the
 classical assumption of perfectly elastic
 supply of labor at subsistence level hav-
 ing been abandoned), the supply of the
 services of labor is also a given flow. The
 relevant economic magnitudes are then
 the flows of these services of land and la-
 bor, on the one hand, and the stocks of
 accumulated instruments of production
 and other forms of capital, on the other
 hand. The flows of services are called
 "original factors" and are conceived of
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 6 ABBA P. LERNER

 as initiating production at the left of dia-
 grams like Figure 1, while all the existing
 stocks of instruments, goods in process,
 inventories, and everything else, are
 nothing but the material incorporation
 of services provided in the past by the
 flow of original factors and destined to
 yield consumption services in the future
 just as the trees in the forest model con-
 sist, for economists, of the accumulated
 or congealed labor which has not yet
 yielded the final service represented by
 the consumption of timber.

 In this model the capital is quite differ-
 ent from the land and the working popu-
 lation that between them yield the flow
 of original factors. Capital exists only be-
 cause it is worth while to use productive
 processes which take time. The quantity
 of capital in existence corresponds strict-
 ly to the average period of production, a
 longer period of production meaning that
 there are more instruments, equipment,
 and inventories, all of them being essen-
 tially goods in process which are needed
 only because of the time delay that the
 technical process imposes between the
 application of the services of the "origi-
 nal factors" and the final consumption of
 the product.

 If it were possible to increase in pro-
 portion and with equal ease all the
 sources of productive services-land and
 men as well as machines and stocks and
 equipment of all kinds-there would be
 no point in the distinction between capi-
 tal and the sources of the "original fac-
 tors of production." There would be no
 significance in the idea of a period of pro-
 duction and no place for any theory or,
 indeed, any consideration of capital.
 "Crusonia" would be a very satisfactory
 model. But in the real world, in contrast
 with "Crusonia," this is not possible.

 On the other hand, the sharp distinc-
 tion in the Austrian model between

 stocks of capital goods and flows of origi-
 nal factors of production, with the stocks
 all freely producible and all needing con-
 tinual replacement and the flows provid-
 ed by a sphinx-like Nature which must
 be asked no questions, is also far from re-
 ality. Many things can be produced,
 which are then for all practical purposes
 permanent yielders of a service just like
 the purest form of pure land. There are
 services and stocks provided by "Na-
 ture" whose exhaustion is of the utmost
 importance. Most kinds of land are eco-
 nomically indistinguishable from pro-
 duced capital of the purest "forest" type.
 "Crusonia" and the Austrian model are
 both extreme abstractions, in opposite di-
 rections, from the actual world in which
 we live.

 VI

 What about the relationship between
 the rate of interest and the marginal
 product of capital in the different models
 we have considered? In "Crusonia" the
 question cannot even be asked, since
 there is no distinction between capital
 and other factors of production. All we
 have is the rate of growth, and this must
 be equal to the rate of interest. Nobody
 would give a higher rate of interest for a
 loan of the "economic substance" (which
 is both consumption good and source of
 future consumption goods) than he
 would suffer in reduced future yield from
 the perennial if he cut his present need
 from it; and nobody would accept a lower
 rate of interest than he could get by leav-
 ing the potential loan to increase on the
 vine.

 But this is not really the marginal prod-
 uct of capital as we have been supposing
 it to be so far. It is the marginal efficiency
 of investment. What is involved is the sac-
 rifice of present consumption for the sake
 of yield of income in the future (which in
 turn may be consumed or left on the vine
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 CAPITAL AND INVESTMENT 7

 as further investment, indefinitely). If
 the perennial source of all good things

 were to be called "capital," and if there
 should be a miraculous increase in the

 quantity of the perennial, and if the rate

 of growth were unaffected, it would be
 appropriate to say that the marginal
 product of the additional capital was 5

 per cent (or whatever was the rate of
 growth). But such supplemental miracles

 are not the normal order of events even
 in "Crusonia." The only and the con-

 tinuing economic problem is to decide
 how much of the perennial to consume
 and how much to leave to grow for the
 future. This decision is one of investment
 or disinvestment and never one about
 capital.

 In the Austrian scheme there is some-
 thing that looks much more like an issue
 concerning capital. Given a production
 curve like so(t) in Figure 1, there is at any
 rate of interest, say that represented by

 the exponential curve vOuO, a period of
 production like 0t0, which is most appro-
 priate and which maximizes the dis-

 counted marginal product of labor. If one
 is at such a point and the rate of interest

 is changed, say it is reduced to that rep-

 resented by the exponential curve vlu1,
 the appropriate period of production is
 no longer Oto but 0t1. But it is only in a
 long-period equilibrium that this point
 will be reached.

 If the quantity of capital were miracu-
 lously increased to correspond to this
 longer period of production, the new

 equilibrium would be reached immedi-
 ately. In the absence of such a miracle
 there can be no question of increasing the
 quantity of capital by the difference be-
 tween the quantity in the first equilibri-
 um and the quantity in the second equi-
 librium. There is simply no way of doing
 this.

 If Oto is thirty-five years and 0t1 is

 forty years, the minimum period in
 which the new equilibrium could be
 reached would be five years. But that
 would require miracle enough, for it
 would mean having the planting con-
 tinue as usual with no cutting taking
 place at all for five years. During these
 five years the number of trees would be
 increased. Their age distribution would
 be raised from a range between zero and
 thirty-five years to a range between zero
 and forty years, the average age there-
 fore increasing from half of thirty-five to
 half of forty. Since the crop of timber
 represents the total supply of consump-
 tion goods available for the society, this
 is impossible unless someone else is ready
 to maintain the economy for these five
 years of input without any output.

 All that the economy can do is to in-
 vest a part of its income each year in in-
 creasing the stock of capital, the rate at
 which it invests not being indicated at all
 by the kind of analysis provided by the
 Austrian models.

 Furthermore, there is no way of com-
 paring the marginal product of capital
 with any rate of interest. We may know
 that having so many more trees of vari-
 ous ages in the forests permits the output
 of timber to be greater by so many board
 feet, but the additional stock of trees of
 different ages and the additional flow of
 board feet of timber are not of the same
 unit. So the relationship between them
 cannot be expressed in terms of a rate of
 return per annum that can be compared
 with a rate of interest. We can have a
 measure of the marginal efficiency of in-
 vestment, since we can know by how much
 the sacrifice of so many board feet this
 year, by permitting the trees to be in-
 creased in number and age, will yield an
 additional future flow of board feet. This
 can be expressed as so many board feet
 per annum per hundred board feet cur-
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 8 ABBA P. LERNER

 rently sacrificed and so can be compared

 with a rate of interest. But there is no
 way of comparing a rate of interest with
 the marginal product of board feet yield-
 ed by additional trees.

 VII

 In the real world, of which both "Cru-

 sonia" and the Austrian model are sim-
 plified abstractions in different direc-

 tions, there can only be additional diffi-
 culties in the way of finding a marginal
 product of capital to be compared with
 any rate of interest. We may therefore

 say that in general there can never be
 any clear meaning in the comparison of
 the marginal product of capital with the
 rate of interest. What then becomes of
 our initial problem? Is the marginal prod-
 uct of capital equal or not equal to the
 rate of interest in long-run stationary
 equilibrium? This question cannot be
 answered and should not be asked. It is
 essentially meaningless, because no prob-
 lems about capital can ever arise. All the
 problems that look like capital problems
 turn out to be investment problems.

 The real problem is indeed the one
 that remains in Knight's "Crusonia" ab-
 straction-namely, that of investment
 (and disinvestment)- and it is a solid ad-
 vantage of that model that it abstracts
 away entirely from the pseudo-problems
 of capital. The Austrian model looks as
 though it shows a marginal product of
 capital, but a close inspection, say, of
 Figure 1, shows that the rate of interest
 does not apply at all to any relationship
 between trees and board feet but is ap-
 plicable only at the margin at to or at ti,
 where there is only a question of the sac-
 rifice of board feet in the present for
 board feet in the future, that is, only a
 question of investment.

 Even if we take the case of a shift from
 to to t4 by means of external help from

 someone else, a Marshall Plan which in-
 creases the amount of capital, we are not
 helped. If we are given the additional
 trees of varying age, we have no measure
 of the marginal productivity of the addi-
 tional capital that we can compare with
 any rate of interest. We have so many
 more trees of certain ages, and, as a re-
 sult, we have a greater annual crop of
 timber, but we have nothing to compare
 with a rate of interest.

 Even if we suppose that the Marshall
 Plan takes the form of someone from out-
 side supplying us with the timber we
 need (that is, with our consumption
 goods), so that we are able for the five-
 year period to continue planting trees
 without cutting any timber, this will still
 not enable us to measure the marginal
 product of capital as a percentage per
 annum. The Marshall Plan benefits will
 have enabled us to invest the potential
 income or output day after day by re-
 fraining from cutting it down. But the
 denominator in the fraction is always
 timber or consumption and never trees or
 capital goods. So what we have is always
 a marginal efficiency of investment and
 never a marginal product of capital.

 VIl"

 In the Economics of Control' and in an
 earlier article on this subject7 I suggested
 giving an exact meaning to the phrase
 "marginal product of capital," namely,
 the marginal efficiency of investment in
 long-period equilibrium when net invest-
 ment is equal to zero. This seems to fit in
 with the Austrian usage and with dia-
 grams like Figure 1, but I am not so sure
 now whether it was a good thing for the
 understanding and development of eco-

 6 (New York: Macmillan Co., 1944), chap. xxv.

 7 "Capital Investment and Interest," Proceedings
 of the Manchester Statistical Society, 1936-37, pp.
 26-31.
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 CAPITAL AND INVESTMENT 9

 nomic theory. It might be better to write
 off completely our investment in this
 phrase and to speak only of the marginal
 efficiency of investment.

 1x

 In "Crusonia" there is never any
 change in the marginal efficiency of in-
 vestment because the single economic
 substance, the magical perennial, has a
 constant geometric rate of growth. If all
 productive resources could be increased
 with equal ease, so that there would be
 no reason for changing their proportions,
 there would be no reason for expecting
 any departure from the constant margi-
 nal efficiency of investment that we find
 in Crusonia. Since there is reason to sup-
 pose that in the real world there are dif-
 ferences in the ease of producing the
 sources of different productive services,
 Knight, in the article referred to above,
 recognizes the reasonableness of expect-
 ing a diminishing marginal efficiency of
 investment or "diminishing returns from
 investment" if we assume a given state of
 knowledge and that investment is invest-
 ment in "things." Knight, however, goes
 on to consider that, since all investment
 is for the future, a large part of it must be
 of an exploratory nature so that it might
 be considered an investment not in
 "things" but in knowledge. The knowl-
 edge so discovered will increase produc-
 tivity, and this, he argues, may offset or
 more than offset the declining marginal
 efficiency of investment in "things" that
 would emerge if there were no new
 knowledge. There is therefore no pre-
 sumption of a declining marginal efficien-
 cy of investment.

 To clarify this, it is useful to consider
 more closely the meaning of the schedule
 of the marginal efficiency of investment.
 We may imagine it as a curve on a chart
 where the vertical axis measures the rate

 of interest and the horizontal axis meas-
 ures the rate of investment that would be
 undertaken at each rate of interest. In
 any given situation, with a certain exist-
 ing constellation of the different capital
 goods in the economy and with a given
 knowledge of technical possibilities of
 production, the curve will slope down-
 ward from left to right because of the
 heterogeniety of factors of production
 which results in increasing costs of addi-
 tional provision for the future in terms of
 sacrifice of the output of goods for cur-
 rent consumption. This phenomenon
 would be with us even if it were possible
 to produce every kind of source of pro-
 ductive factors, including land and
 people, with equal ease, or rather with
 equally increasing cost in terms of con-
 sumption goods sacrificed.

 The negative slope would apply not
 only to the curve of marginal efficiency of
 investment in "things" but also to the
 curve of marginal efficiency of invest-
 ment in "research," taking this in the
 widest sense of all expenditure that in-
 creases our knowledge of productive pos-
 sibilities even if they are of the roughest
 kind that emerge from undertaking any
 risky investment and discovering wheth-
 er it works or not. This does not mean
 that we can have any kind of reliable
 knowledge of the results that will come
 out of "research." It merely means that
 some "research" seems more promising
 than other "research" and that, because
 of the omnipresent heterogeniety, the al-
 location of resources for research runs up
 against increasing costs as resources have
 to be used whose apparent efficiency for
 research diminishes relatively to their
 apparent efficiency for the production of
 current output of consumption goods.

 The effect of the increase in the quan-
 tities of the different kinds of capital
 goods (which accumulate as investment
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 10 ABBA P. LERNER

 continues) is to lower the curve of the mar-
 ginal efficiency of investment. This is be-
 cause the kinds of capital goods that can
 be produced more easily (relatively to
 those that can be produced only with
 greater difficulty or only in smaller quan-
 tities or which cannot be produced at all)
 come to be available in greater quantity,
 and so their usefulness diminishes. Fur-
 ther investment must therefore be ap-
 plied either to making more of the
 things that are less useful or to making
 more of the things that are harder to
 make. For each rate of investment (meas-
 ured on the horizontal axis) there is
 therefore a smaller rate of return, so that
 that rate of investment will be undertak-
 en only if there is a lower rate of interest.
 This lowering of the curve of the margin-
 al efficiency of investment is what is
 often meant by "diminishing marginal
 product of capital." The way in which
 the whole curve falls as a result of an in-
 crease in different proportions of most
 kinds of capital goods is not, however,
 anything that can be given a simple
 measure or number that can be compared
 wih a rate of interest.

 The acquisition of new knowledge by
 "research" (which includes, we must re-
 member, all that is learned in the course
 of undertaking risky investments of all
 kinds) can never diminish our possibili-
 ties of getting future income out of any
 rate of present application of productive
 services for this purpose. But new knowl-
 ledge can also increase our possibilities of
 producing current income (which always
 means income in the relatively near fu-
 ture) out of the same productive services.
 A given sacrifice of current income may
 therefore release less productive services,
 and their efficiency in producing more in-
 come in the (more distant) future may
 not have increased as much as their effi-
 ciency in producing current income. In

 such a case new knowledge will have re-
 duced the schedule of the marginal effi-
 ciency of investment by reducing the
 amount of future income made possible
 by a given sacrifice of current income.

 Even if this never happened and new
 knowledge always increased the possi-
 bility of producing future income rela-
 tively to the possibility of producing cur-
 rent income, it would not follow that it

 would always raise the marginal effi-
 ciency of investment.

 In the first place, the new knowledge

 may show that what looked like worth-
 while investments are really not worth
 while. Such discoveries have the effect of
 lowering the curve of the marginal effi-
 ciency of investment. They may increase
 the actual return on investments, but
 they reduce the supposed or expected re-
 turns on which the schedule of the mar-
 ginal efficiency of investment is inevitably
 based.

 Second, we must consider gross invest-
 ment rather than net investment. That is
 to say, we must include all replacement
 as part of investment. Even if all "re-
 search" were "positive," that is, uncov-
 ered new possibilities of producing for the
 future, and none of it merely deflated
 false expectations, this would merely
 mean that the area under the curve of the
 marginal efficiency of investment is in-
 creased.

 If the new knowledge consists of find-
 ing better and easier ways of doing the
 old things, so that, instead of the old
 kinds of capital goods being replaced as
 they wear out, much better ones can be
 produced instead, the curve of the mar-
 ginal efficiency of investment will be
 raised near the origin. There will be a
 very high rate of return on the replace-
 ment of old equipment by better new
 equipment. But there is likely to be a
 sharp limit to the rate at which this par-
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 CAPITAL AND INVESTMENT 11

 ticular kind of investment can be carried
 on, especially if it is not felt desirable to
 increase very much the capacity of the

 industries affected. The very saving in

 resources which makes the new equip-

 ment better than the old may consist of
 reducing the amount of investment nec-

 essary. The curve would then drop very

 rapidly, so that the current rate of in-

 vestment could be reached only by re-
 sorting to investments with a lower mar-
 ginal efficiency of investment (mel)
 which would be undertaken only at a
 lower rate of interest. Such a possibility
 is shown in Figure 2, and it does not

 seem to be very far fetched. Indeed, it
 seems to me that this is implicit in
 Knight's remark that "it does not seem
 unreasonable to believe that . . . the
 only form of investment which has final-
 ly yielded any real return, to society or to

 the average individual, is the growth of
 knowledge, that the multiplication of
 things has not, on the whole, been
 profitable."'8

 x

 The marginal efficiency of investment
 is then a declining function of the rate of
 investment, which is indicated by its be-
 ing drawn sloping down from left to
 right in Figure 2. Furthermore, the

 curve as a whole will tend to be lowered
 over time as the result of the accumula-
 tion of capital goods by continuing net
 investment. New knowledge may either
 raise or lower the curve, so that, although
 this may raise the curve enough to offset
 the effects of the accumulation of capital
 goods, there remains a general presump-

 tion that the schedule of the marginal ef-
 ficiency of investment will fall over time.
 This implies a falling rate of interest if a
 given rate of investment and employ-

 ment (such as full employment) is to be

 maintained in the short-period equilibria
 which we must assume to be approxi-
 mated over time. This, in turn, raises the
 question of how the decline in the rate of
 interest affects the values of capital as-
 sets and whether it might not thereby
 bring about a divergence of social benefit
 from private benefit in the investment

 ,0

 Gross Net- Investrnent

 FIG. 2

 activity that gives rise to the whole proc-
 ess; so that, in the absence of a counter-
 acting public policy, there might not be
 more investment or less investment be-
 ing undertaken than is socially desirable.

 xl

 At lower rates of interest the sources
 of productive factors will tend to be
 more valuable relatively to the final or
 consumption goods, since the value of the
 former is given by the discounted value
 of the final consumption goods that the
 services they provide are expected to
 produce; and the rate of discount is less.
 The value of the total supply of all the
 sources of productive services must be
 greater, because it is simply the discount-
 ed value of the total output of consump-
 tion in the future. It is obtained by sim-
 ply dividing the current income of the
 economy by the rate of interest, and we
 now have a larger current income to be 8 Op. cit., p. 41.
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 12 ABBA P. LERNER

 divided by a smaller rate of interest.
 There is an inevitable capital gain.

 In the real world, however, the most
 important source of productive services
 is not supposed to be subject to pecuni-

 ary calculation of capital gain or loss, be-
 cause it consists of human workers, the
 calculation of whose value in terms of ex-

 pected earning power is considered im-
 pious. It is therefore possible that the re-

 maining sources of productive services,
 the existing nonhuman productive equip-
 ment, the capital and the land, could suf-
 fer a capital loss rather than a capital
 gain if they were increased sharply rela-
 tively to the human resources, and had a
 very low substitutability for them, so
 that the fall in the value of their services
 would more than overcome the benefit
 from the reduction in the rate of interest
 at which their services were discounted.
 This is easy to suppose for some special
 kinds of capital equipment which are dis-
 placed by other kinds of equipment as a
 result of the investment. Although it is
 not impossible, it seems most unlikely

 that this could happen to the total of all
 capital goods and land. But even if this
 should happen, it would not be relevant
 for our purpose.

 We are here concerned with the pos-
 sible benefits or damages that investors
 may bring to other members of society
 through their investment. In the cases
 where calculations of capital value are
 socially respectable, that is, in the cases
 of land and of capital equipment, expect-
 ed earnings are capitalized, and capital
 gains or losses are seen to emerge. In
 the case of human beings expected earn-
 ings are not capitalized, and we do not
 speak of capital gains or losses in the
 value of the human beings concerned or
 of the families that are going to produce
 income-earning human beings in the fu-
 ture. But the benefits or damages are just

 as real whether the capitalizations are
 calculated or not. We must really consid-
 er the effect on all the sources of all the
 productive services in the economy, and

 so we must say that there is a net social
 benefit from the investment that would
 show itself as a capital gain if we did cap-
 italize all the future earnings at the lower
 rate of interest. This seems to show that

 there is a divergence between private and
 social benefit from private investment,
 the social benefit being greater than the
 private benefit.

 XII

 It may be worthwhile to consider in
 another way the effects of the reduction
 in the rate of interest. As far as actual
 loans are concerned, there is no net gain.
 The lenders lose on account of receiving
 a lower rate of interest just as much as
 the borrowers gain from having to pay
 less interest. The benefit to all owners of
 property whose value has increased be-
 cause the future earnings are discounted
 at a smaller interest rate lies in their
 knowledge that they can borrow more
 and more easily if they want to and in
 the satisfaction and the additional feel-
 ings of security that this knowledge gives
 them. In the case of land and of market-
 able capital equipment this benefit shows
 itself in an increased valuation of the
 capital-in a capital gain. In general,
 however, the capital gain cannot be con-
 sumed, since there is no corresponding in-
 crease in consumption goods available.
 One man can consume his capital gain
 only to the extent that he can pursuade
 another to sacrifice consumption in ex-
 change for some of his capital. But every-
 body can enjoy the additional feeling of
 security, good luck, or even an illusion of
 good judgment in putting himself in a
 position where he was able to win the
 capital gain. This kind of benefit is also
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 CAPITAL AND INVESTMENT 13

 available to the worker who is now able
 to borrow more money and more easily
 on the basis of his expected future earn-
 ings; and, as long as workers in general

 do not try to exercise that possibility
 they can enjoy the benefit in the same
 way that the capitalist can enjoy his
 capital gain, although the imperfection
 of the credit market seriously curtails
 his additional powers of borrowing, just
 as they curtailed his original powers of
 borrowing.

 My conclusion is that investment, in
 so far as it lowers the rate of interest,
 gives rise to a social benefit that is not
 taken into account by the investor, and
 to that extent the social benefit is greater
 than the private benefit. It would there-
 fore be socially desirable to provide some
 additional inducement to get the investor
 to invest more than he does.

 XIII

 But why should the act of investment

 be credited with the reduction in the rate
 of interest that increases the value of cap-
 ital resources? Does not rather an in-
 creased eagerness to invest result in a
 higher rate of interest that is necessary to
 prevent the increase of investment from

 bringing about inflation?

 What we have here is the difference be-
 tween the increase in schedule of the
 marginal investment or the desire to in-
 vest and an increase in actual invest-
 ment. An increased desire to invest re-
 sults in a higher rate of interest being
 necessary if there is a satisfactory level of

 effective demand to begin with, and the

 inflationary pressure that would be

 caused by the increased investment is

 checked by the method of raising the rate

 of interest. In this case there will be prac-

 tically no increase in investment, since
 the way the higher rate of interest pre-

 vents the inflationary effect is by pre-
 venting the additional investment from
 taking place.

 But in so far as some additional invest-
 ment does take place, this lowers the
 curve of the marginal efficiency of invest-
 ment in succeeding periods and makes it
 necessary for a lower rate of interest to
 rule if the same level of effective demand
 is to be maintained. What we can say,
 therefore, is that an increase in the
 schedule of the marginal efficiency of in-
 vestment has the effect of raising the rate
 of interest and therefore of lowering the
 values of capital assets. Any activity
 therefore which has the effect of raising
 the schedule of the marginal efficiency of
 investment, such as research leading to
 capital-using inventions or discoveries,
 has a side effect that is socially harmful
 in its causing the value of capital assets
 to be reduced by the increase in the rate
 of interest necessary for the prevention
 of excessive effective demand. To the ex-
 tent that this effect is not taken into con-
 sideration by those engaged in such ac-
 tivities, it is in the social interest to dis-
 courage activities that tend to raise the
 schedule of the marginal efficiency of in-
 vestment.

 But, with any given set of opportuni-
 ties for investment, additional invest-
 ment can take place only if there is a de-
 crease in consumption that sets free the
 resources needed for the investment. It is
 therefore an increase in thriftiness that
 must take place if there is to be an in-
 crease in investment. Such an increase in
 thriftiness will lower the rate of interest
 in the short period in which the increase
 in thriftiness actually operates, for with-
 out such a reduction in the rate of inter-
 est there would be nothing to induce the
 additional investment to take the place
 of the reduced consumption in maintain-
 ing the level of income. The extra invest-
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 14 ABBA P. LERNER

 ment uses up some of the opportunities
 for investment in following periods, so

 that a lower rate of interest is needed to
 maintain the level of investment. If the
 propensity to consume remains low in the
 following periods, there is an additional
 reason for a lower rate of interest; and, if

 there has been a continuing increase in
 the level of productivity and the level of
 income that corresponds to full employ-

 ment (or the other level of effective de-
 mand that is being maintained), still
 more investment is needed to correspond
 to the greater volume of saving that
 would be called forth, and there is still
 another reason for having a lower rate of
 interest. All these indications then point
 in the same direction: to a lower rate of
 interest being made necessary by an in-

 crease in thrift. It is therefore to the in-
 crease of thrift that our corrective meas-
 ures should be directed rather than to the
 activity of investment. An increase in
 thrift makes it necessary for the rate of
 interest to be lowered. This increases the

 value of capital assets, and that is a bene-
 fit to the owners of the capital assets-a
 benefit that the exercisers of the thrift
 have not taken into account. It is there-

 fore desirable, in the social interest, that
 thrift should be encouraged beyond the
 point to which the private interests of the
 savers would lead them.

 It is perhaps desirable to end this ar-
 ticle by stressing once more that this con-
 clusion has validity only in an economy
 where full employment (or some other
 given level of employment) is being
 maintained. (It does not matter whether
 it is maintained by conscious government

 activity or in any other manner.) Only if
 the level of economic activity is somehow
 being maintained does greater thrift nec-
 essarily result in more investment, so
 that the effects of the additional invest-
 ment, the reduction in the rate of inter-
 est and the appreciation of capital as-
 sets, can be properly attributed to the in-
 crease in thrift. If the level of economic
 activity is not being maintained and we
 have unemployment or the danger of un-
 employment, we are in the "upside-
 down" economy where thrift is socially
 harmful; and if we are in an inflation

 there are other reasons, much more im-
 portant than those we have been consid-
 ering, for reducing effective demand-by
 increasing thrift or in any other way.
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