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The Structure of Production

J.G. Hilsmann

In present-day macroeconomics it is customary ayae the problems related to savings,
investment, and capital from an aggregate poinviev. Thus capital is typically taken
account of in the form of one aggregate variabled anvestment in the form of a
representative firm. The interconnections betwegferdnt investments, in particular, the
flows of “real” goods and of money in time, are leeted and relegated to sector studies of
particular industries. The implicit assumption &t the analysis of such interconnections —
which are also known under the shorthand of “stm&cof production” — is not likely to alter

the conclusions of aggregate reasoning.

The only contemporary school of thought that plattes structure of production at the
centre-stage of macroeconomic analysis is the mms®chool. The Austrians operate with
aggregate variables too, but the level of aggregais lower. The main variables in their
analysis are savings, the interest rate, and tiggheof the structure of production. They argue
most notably that the length of the structure ofdoiction is an important cause of the average
physical productivity of labour, and thus of thealtk of nations.

The Austrians have spent most of their time explgirand restating the basic model of
changesof the structure of production that was developgdHayek (1931). According to
Hayek, the length of the structure of production ba increased through the combined effect
of additional savings and of a reallocation of dast away from the producers closest to
consumption and toward the producers that are durtemoved from consumption. This
reallocation process is steered by a change ofeharices, most notably by a change of the
pure rate of interest. The purpose of Hayek’s meded threefold: (1) to explain how higher
savings entail growth; (2) to show that this growtiocess is independent of the level of

1 See in particular the book-length expositionRithbard (1993), Reisman (1996), Skousen (1990),
Huerta de Soto (1998), and Garrison (2001). Rothbgaive a detailed exposition of the Austrian theufr
the structure of production, on which we will buitdthe present study. Later economists such astalde
Soto have also followed in these footsteps. SkoasehGarrison have elaborated graphical represemsat
These works rely on Menger (1871), Bohm-Bawerk (39Rlises (1949), and Hayek (1931).



monetary spending and the price level; and (3xfagn how monetary expansion can cause
inter-temporal disequilibria.

The purpose of the present paper is, first, to stiaw the conventional Hayekian model
covers only one possible scenario for the altematibthe structure of production; second, to
develop, on the basis of Rothbard (1993), Fillie{a®05, 2007), and Hulsmann (2008), a
revised analysis of the relationship between sayitige interest rate, and the length of the
structure of production. This analysis will thendgplied to discuss (a) growth scenarios and
their respective impact on the distribution of newes, (b) human capital, (c) consumer credit,

and (d) variations in monetary conditions.

The Conventional Account of the Structure of Prodution

Based on Jevons's and BB’s insight that all prodacprocesses are dependent on the
availability of present goods, which have to be eshfrom past revenue. This is the

foundation of modern Austrian macroeconomics.

Flows of Goods within the Structure of Production

On the physical level, the Austrians disaggregatelyction into different supply chains
that transform original factors of production (lab@nd “land”) into consumer goods. Each
supply chain is in its turn decomposed into différstages that are connected through
physical and monetary flows. Each stage of produdtielivers producer goods to some stage
“downstream” (that is, closer to consumption) aeckives payments from that stage; the only
exception being the stages closest to consumpiibith deliver consumer goods and receive
their revenue directly from the consumers. Simjlagdach stage of production receives the
services of producer goods and of original factivesn some stage “upstream” (further
removed from consumption), while paying money tat tstage; the only exception being the
stages that are furthest removed from consumptich receive only original-fact services

and make payments to their owners (see Figure 1).

This way of representing things might provoke tbkofving objection: In the real world
there often seems to be no such linear causahiyedd, tools produced in stages of
production close to consumption might just as Wwellused in stages upstream. For example,

hammers are not only used by consumers, and npbgrplumbing firms serving consumers,



but also by mining firms and other producers sadatther upstream. This objection is valid
as far as Rothbard’s presentation goes, but itemitke mark as far as causality and the
distinction between upstream and downstream isezoed. It is true that hammers and other
tools can be used at various stages of productimwever, they have been produced at
distinct moments in time, with the help of factafsproduction (thus there is an upstream),

and can be used to produce other goods (thusithardownstream).

Land or Iature
Labor
Clapital Good

/
\

Figure 1
Stages in the Process of Production for the UltimatConsumer

Source: Rothbard (1993), figure 32, p. 178
Rothbard deals with this objection with the hypsikef unit services. He does not equate
a stage of production with a firm, but with the gweotion of discrete units of a good, with the
help of only those units of factors of productitwattare necessary to produce those units of
the good. Thus the production of a hammer for ngns situated in a stage upstream of
present mining (but downstream from the mining @raiduced the iron needed to make the
hammer) and thus far away from final consumptiohesgas the production of a hammer for

plumbing takes place in a stage closer to consompti

Let us restate the main subsequent elements obRatls presentation, which will allow
us to quickly reach the point of departure foricistn and further development. Rothbard

proceeded to consider a concrete numerical exafopla single supply chain in an evenly

2 The Austrian literature does not contain any biead illustrations of the interconnections thaiséx
between different stages of different supply chaliatice that strict linearity of the causal chainly exists
under the hypothesis adopted by Rothbard, nanfedy, factor use and factor pricing can be done, iand
done, separately for each unit of a good.



rotating economy, with the help of a figure insgilgy Hayek (1931, chap. 2, figure 2) and
going back to Jevons (1871):

Income o Land and Labaor
HA ounces
[nreres
Income
17
INCes

L4

omnnces|

20 %

d 2 [ o] —_—

Rl 15
s |
5 1) oanees

L) ounces

Consumer Expenditure

Figure 2
Income Accruing to Factors at Various Stages of Piuction

Source: Rothbard 1993, figure 41, p. 314

The horizontal extension of Figure 2 represents eteoy spending in exchange for the
supply of non-monetary goods, while the verticaleagion represents the passage of time.
The figure is most usefully read bottom-up. At theey bottom, consumer spending of 100 oz
of gold is identical with the revenue of the stafgroduction furthest downstream. Out of
these 100 oz, 15 oz are spent, in the next peoiodyriginal factors needed in that stage; and
80 oz are spent, also in the next period, on dagitads needed in that stage. Thus there is a
residual income of 5 oz (100-15-80=5), which is puge return on capital invested in that
stage. Next consider the revenue and expenditutbeostage most closely upstream. This
stage produces capital goods. Its total revenug0i®z, subsequent spending on original
factors is 16 oz, subsequent spending on highexrarapital goods is 60 o, and the residual
income is 4 oz. The next three stages can be netexgpin exactly the same manner. Then, in
the stage furthest upstream, there is no more gpgod higher-order capital goods. Revenue
in this stage is 20 oz, 19 of which are subsequespkent on original factors, and 1 oz

constitutes residual income.

In a next step, then, Rothbard aggregated all gughains into one single aggregate supply
chain, representing the entire time structure otlpction. From this aggregate point of view,

the interrelations between different supply chaisappear, and only the different (aggregate)
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stages of production remain. The point of this aggtion is to bring the interdependency
between the pure rate of interest, investment ekipge, and the length of the structure of

production into focus.

Rothbard used the same numerical example as mbthee case of a single supply chain to
illustrate this aggregate structure of productibhus our above Figure 2 (Rothbard’s figure
41) becomes a representation of the whole econeew ipid., p. 337). The bottom line of
Figure 2 then needs to be read as follows: Theeet®al or aggregate consumer spending
(that is, on all consumers’ goods combined) of ®@0of gold, which is identical with the
aggregate revenue of all consumer-goods industiies of these 100 oz, 15 oz are spent, in
the next period, on original factors needed indbrsumer-goods industries; and 80 oz are
spent, also in the next period, on capital goodsiad in these industries. The residual income
of 5 o0z is the pure return on capital investedhat tstage. The subsequent lines represent

aggregate of stages of production upstream andtodagliread accordingly.

Based on this aggregate representation of thegtroeture of production, it is possible to

make an aggregate statement of gross and net revénable 1).

Aggregate  Gross Net Consump Aggregate Net Revenue
Gross Savings Savings -tion Savers Land & Entre- X
Revenue (Capitalists) Labour preneurs AN
R
418 318 0 100 17 83 0 100
Table 1

Summary Statement of Structural Data in Rothbard’s(1993) Example

The Aggregate Gross Revenue (418 oz of gold) istime of all gross incomes, including
the gross incomes of the capitalists (100+80+6088%20=335), the gross incomes of the
owners of original factors (15+16+12+13+8+19=83))d athe gross incomes of the
entrepreneurs (0). Entrepreneurs earn no profitir@awd no loss in equilibrium, and thus their
gross aggregate revenue is zero under the abowahegis of an evenly rotating economy.
For the same reason, there is no net saving regplgatet investment. All savings are used to
reproduce, again and again, exactly the same timetgre of production.

The aggregataet revenue of the owners of original factors is elyaetqual to their
aggregate gross revenue (83 0z) because, by dwiinfactor owners do not need to make

expenditures to reproduce these factors. Simildrg/net revenue of entrepreneurs is equal to



their gross revenue, because according to theitiefirused by Rothbard, entrepreneurs do
not operate with any money of their own and thugeha@o expenditure to make. By contrast,
the net revenues of the capitalists ao¢ equal to their gross revenues. Rather, they merely
earn the residual income, left over from gross meeeafter the deduction of all productive
expenditure. Since the capitalists in the abovengka earn an Aggregate Gross Revenue of
335 oz, out of which they save and spend a tot8l8foz on higher-order capital goods and

on original factors, their net income is 17 oz.

Notice that aggregate net revenue (83+17=100) imletp the aggregate sum spent on
consumption, a necessary implication of the eveatsting economy. For the same reason,
the rates of return earned in the different stafgsoduction are exactly equal to one another,
and thus identical with the pure rate of interéstleed, different rates of return in different

stages of production would imply that the economiidisequilibrium.

Determination of the Pure Rate of | nterest

Rothbard’s numerical example in our above Figu(R@hbard’s Figure 41) is more or less
arbitrary, its sole purpose being to illustraténaet structure of production, and thus the flows
of goods and monetary revenues, in inter-tempamal £quilibrium. The next problem, then,
Is to explain these flows, and most notably théed#ihce between revenue and cost in each

stage of production. In other words, we need ae@gbion of the pure rate of interest.

Following Bohm-Bawerk’s approach, Rothbard argueat tinterest rates are formed
through the exchange of present goods againsteffaods. All such exchanges are part of
what he calls the “time market” on which a supplfypoesent goods (monetary savings)
confronts a demand for present goods. Rothbard dsimades that both demaaad supply
schedules on this market derive from the same spuramely, individual time-preference
schedules. The latter are therefore the uniqueecaluthe pure rate of interest, which he also

calls the social time-preference rafe.

3 See M.N. Rothbardvlan, Economy, and Sta{8 ed., Auburn, Ala.: Mises Institute, 1993), p. 48i&
provides detailed criticism of the Fisherian nessieal approach, in which only tlsepplyof present goods
is determined by time preference, whereas the dénflanpresent goods is determined by the marginal
productivity of capital (se®an, Economy, and Statep. 360-364.

4 Mises calls this rate “the rate of originary net&®” or simply “originary interest.” See Miseduman
Action(Scholar’s edition; Auburn, Ala.: Mises Institute998), pp. 523, 535.



Each individual prefers present goods to futuredgodn every single individual value

scale, therefore, future goods rank lower thangmegoods of the same type, for example,

100 future dollars rank lower than 100 present atsll However, the exact ordering is

different from one individual to another. Some induals have a higher time preference,

while others have a lower one. As a consequencerny rate of exchange between present

and future dollars (for any rate of interest), sanmaividuals will act on the demand side of

the time market, while others will figure on theply side (see Figures 3 and 4).

Supply of
Present GGoods
(R.obinsomn)

Supply of
#— Present Goods
[Srith)

Drernand for
Present Goods
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Supply of
Money
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for Money
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Figure 3 (Comparison of Time Preference Schedules) and Figgi4 (Individual Time Market Curve)
Source: Rothbard 1993, figure 42 (p. 329) and figer43 (p. 331)

The time market is in equilibrium at the intereater for which the aggregate demand for

present goods equals the aggregate supply thetedf.this interest rate is exclusively

determined by time preference (see Figure 5).

Rate of Interest

i

5 Supply of
Present Goods
{Dernand for
Funire Soods)

Dernand for

Present Goods
o (Supply of
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y-—_———— —

Zold Units

Figure 5

Aggregate Time Market Curves
Source: Rothbard 1993, figure 44, p. 332



Savings-Based Growth

Rothbard then proceeds to illustrate a savingsebgsawth process. The increase of gross
savings (in Figure 6, this would correspond to ift sl the supply schedule of present goods
to the right) by definition goes in hand with a wetlon of consumer expenditure, and it

entails a reduction of the pure rate of interestimtersection with the demand schedule).

This leads to the following adjustments of the tisteucture of production. On the one
hand, because consumer expenditure is being @diddss revenue is being earned, and thus
less money is being spent on factors of produciiothe consumers’ goods industries and in
the industries closest to consumption. On the dtlaed, the pure interest rate drops, which
means that the spread between revenue and costditxpe diminishes in each stage of
production. Because one firm As costs are notlalsg but the revenues of its suppliers, it
follows that the revenues of all factors of prodmet(and in particular the revenues of any

firm B supplying the firm A with capital goods) o increaseelative tothe revenue of A.

Thus an increase of savings entails always a sstdbaggregate revenue in the consumer
goods industries. But for the revenues earned enctipital-goods industries, it entails two
opposite tendencies. On the one hand, these revdaod to fall because the reduction in
final consumer spending triggers through the emgreenue chain. On the other hand, these
revenues tend to increaselative to final consumer spending because the triggering of

revenues is based on a lower discount rate.

It follows that non-specific factors of producti@uch as capital, labour, and energy) will
be reallocated, leaving industries “downstream” amtering industries “upstream;” while
specific factors, which by definition cannot be ll@zated, will earn permanently higher
revenues upstream, and permanently lower revenwsensiream. To the extent that
reallocation is possible, new industries will beated at the higher-order end of the structure

of productiorr

5 It is imaginable that the savings-induced reation of capital doesot change the structure of
production, under two conditions. The first ondhiat all factors except for capital be specific,tsat they
could not be reallocated. The second is that tdolgigal innovation be impossible, for lack of idears
because of legal barriers. Under these two comditian increase of savings, combined with a drofhef
interest rate, would leave the structure of proidactinchanged, and entail a mere redistributiorewénue,
to the benefit of the owners of the specific fastoeeded upstream, and to the detriment of sandrsfathe
owners of the specific factors needed downstream.

10



Figure 6
The Impact of Net Saving

Source: Rothbard (1993), Figure 60, p. 472
Rothbard illustrates this process with the abowgifa 6, which is a simplified version of
the above Figure 2. The initial structure of pradutis represented by the rectangles A-A,
whereas the new structure of production is repteseby the rectangles B-B. What has
happened? On the one hand, the structure of produtas become “flatter” because its tarts
from a smaller base of consumer expenditure (thedBangle at the bottom is smaller than
the A-rectangle). On the other hand, the strucha® become “lengthier” because there are

now additional stages upstream (the top two B-regtess) that did not exist before.

A similar illustration is based on the so-calledykld@an triangle. In Hayek, Garrison, and
others, itis a triangle.

(Monetary) Value of
(Final and Intermediate)
Products

Time

Figure 7
Hayekian Triangle

according to Hayek (1931), chap. 2, figure 1
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The simultaneous lengthening and flattening of $trecture of production can then be
illustrated by the shift from the blue to the reohe in the following figure:

{Monetary) Value of
(Final and Intermediate)
Products

Time

Figure 8
Lengthening and Flattening of the Structure of Prodiction within a Hayekian Triangle

But this is not quite correct, because spendinthénlast stage is not zero, even if only
original factors are used. Rothbard is thereforeeod in modifying the Hayekian figure into a

trapezoid of the following form:

Chiornalative Prices

Clonsuption

[N
Ll

Stages of Producton (Jower)

Figure 9
Lengthening and Flattening of the Structure of Prodiction

Source: Rothbard (1993), Figure 61, p. 473
The point of these figures is to illustrate how #®nomy can grow based on higher
savings.even if there is no variation whatever on the silenonetary factorsin mainstream
conceptions there prevails the notion that grovetnot occur unless it is accommodated by a

corresponding increase of aggregate demand. Théri&usanalysis shows that, even if

12



aggregate spending (and thus aggregate revenuaggrdgate demand) does not change,
growth can occur, resulting from a lengtheninghaf &verage period of production.

Notice that, in distinct contrast to mainstreamaaptions of the role of the interest rate,
the declining interest rate is not per se a cati®eanomic growth. It is merely conducive to
the lengthening of the structure of production, @nd precisely the lengthening of the
structure of production that entails economic gfowhdeed, as Menger (1871) has pointed
out, the longer the overall process, the more ahtiorces can be substituted for human
labour, thus liberating labour for additional protive ventures. The result is a higher average

physical productivity per capita.

Two Critical Annotations

Up to this point, we have restated the conventignadtrian model of the structure of
production, and its application in growth theorym Wwhat follows, we will take the
conventional model as our point of departure, vatily a few modifications designed to
facilitate the exposition of our argument. Ourique will focus on two points. First, restating
an argument for presented in Hilsmann (2008), wefiia gap in the conventional theory
by analysing the impact that variations of the dednr present goods have on the structure
of production. Second, elaborating on Fillieule 20 2007) we will argue that the
conventional model suffers from a basic misconogppertaining to the relationship between

the PRI and the roundaboutness or length of thietsire of production.

Impact of Changes of the Demand for Present Goods

As we have seen, the conventional Austrian modekroo less exclusively focuses on the
ramifications of an increase of tkapplyof present goods (more precisely, of savings)en t
time structure of production, under the assumpthat thedemandfor present goods remains
constant. This assumption is unobjectionable. H@natdoes not always hold true in reality,

and therefore it is useful to analyse the impaatainges of the demand for present goods.

Increases of the demand for present goods maytrigsuh any one of the following

factors, or a combination thereof:

13



(a) immigration, implying a greater supply of labdwrurs (future goods) in exchange for
money; immigration may in turn result (i) from deteating economic conditions in

the immigrants’ homeland and (ii) from lower traagpcosts;

(b) a greater willingness to work, demonstratedheydupply of additional labour hours in

exchange for money;

(c) discoveries of additional supplies of raw mathkri (future goods) that can be

exchanged for money;

(d) the invention and development of new techno®dgfeat allow to use known supplies
of raw materials at lower costs, thus increasirg shpply of raw materials (future
goods) that can be exchanged for money;

(e) a greater willingness to incur the risks of dgbducer credit and consumer credit).

The same relationships hatautatis mutandiglso fordecrease®f the demand for present
goods. The above list is not meant to be exclusiueserves to highlight a certain number of
causes that determine the demand for present gdotlier causes are conceivable, in
particular, causes that only operate under spegi@imstances. For example, the invention
and development of new technologies that allowrtmpce capital goods at lower costay
entail an increase of the production of these abgibods (implying a higher demand for
present gooddj the demand for them is sufficiently elastic. Buhie demand for them is not
elastic enough, or even inelastic, then those eetwiblogies would result in a decrease of the

demand for present goots.

This argument can be generalised to cover humaitatapdeed, a greater technological
facility to produce human capital (for example,otlgh online education programmesay
stimulate human-capital formatiah the demand for this capital is sufficiently elast@nd

inversely, it may have no such impact of the demamobt elastic enough or inelastic.

6 See Fillieule (2010).
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Figure 10
Increasing Demand for Present Goods on the Time Maet
The impact of changes of the demand for preserdgjoa the time structure of production
can be illustrated with the help of the conventlafiagrams. Thus an increasing demand for
present goods (savings) at a given supply of ptegerds will entail a higher PRI as well as a
higher volume of savings and thus, by implicati@mjgher volume of investment expenditure
(Figure 10). The opposite effects would result framtecreasing demand for money.

Taking account of variations of the demand for enéggoods leads to results that are at
odds with the conventional Austrian model of thiattenship between time preference and
the volume of savings, respectively the volumengEstment expenditure. In the conventional
model, a reduction of the market participants’ tipreference schedules entails a higher
supply of present goods a constant demand for present gadtisis leading to a reduction of
the PRI and to an increase of gross savings. Haw®a&hbard argues that on the time
marketboth supply and demarate exclusively determined by time-preference duoles. It
is therefore incoherent to assume that a reduced fireference would modify the supply
schedule only, and leave the demand side unaffeBtatther, one would have to infer that a

general reduction of time preference tends to affeth sides of the market (see Figure 11).
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Figure 11
Impact of a General Rise of Time Preference on th&ime Market
It would tend to increase the supply of presentdgoand, at the same time, tend to reduce
the demand for present goods. As a consequence whikkbe a reduction of the PRI, but the
volume of gross savings (and thus the volume ofegage investment expenditure) will not
be systematically affected. The latter could ren@instant, or slightly increase, or slightly

decrease, depending on the contingent circumstariassch particular case.

Inversely, a general increase of the market ppdrs’ time preference schedules would
simultaneously reduce the supply of present goadsracrease the demand for present goods.
On the time market, the PRI would therefore tendntyease, while aggregate investment

expenditure, respectively the volume of gross ggyimould not be systematically affected.

If one assumes that the demand for and the sugpbtyesent goods can simultaneously
move in the same direction, then even more comibimaire possible. Figure 12 show that, if
the supply of present goods increases along wildémand thereof, then the volume of gross
savings tends to increase, while the PRI will netsgstematically affected. (Inversely, if for
analogous reasons both the supply of and the defoapdesent goods diminish, the opposite
effects will result.)
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Figure 12
Impact on the Time Market of a Simultaneous Increas of the Supply of and Demand for Present Goods

This could for example be the case in an econoraydtiracts foreign savings and at the
same time an influx of immigrant workers — a scen#lrat applies to countries such as US.
One can also imagine that an endogenous populdieEcomes simultaneously more
parsimonious (supply of present goods increased)maore willing to work (demand for
present goods increases), a scenario reminisceposttwar Germany. In any case, this
distinct theoretical possibility suggests that v@gess growth can occur at a constant PRI — a
possibility neglected in the conventional Austraatount of economic growth.

These considerations lead to a surprising conalusiaeed,t follows that virtually any
PRI can go in hand with virtually any volume of ggosavingsIn other words, it is not
necessarily the case that a reduced PRI goes it Wigh a higher volume of investment
expenditure, as in the scenario that monopolisesartional Austrian theorising of about the
structure of production. It follows that within theustrian framework one can very well
envision different growth scenarios. In HilsmanB0&) we have distinguished two basic

growth scenarios. Below we will argue that theriarfact five such basic growth scenarios.

The Relationship between the PRI and the Length of Production Reconsidered

The growth scenario analysed in conventional Aastrhacroeconomics is tloaly growth
scenario spelled out in any detail. The startinmpof the analysis is always an increase of
the gross savings rate (shift of the supply cunvehe time market), and this increase is held
to always entail the following two consequences: (A) a reguc of the PRI and (B) a

lengthening of the time structure of productiong @ahus economic growthHowever, we

7 See Hayek (1931, p. 50), Rothbard (1993, p. 471).
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shall see with the help of the following counteamwple that consequence (B) does not always

follow.

In order to simplify our numerical illustrationsgwvill suppose thaall original factors of
production are used (and paid ferclusively in the most upstream staglus consider the

following example of the spending streams in ahahgeneral equilibrium:

159—138—120—104—90

Figure 13
Spending Stream within a Simplified Structure of Poduction

Figure 8 needs to be read from left to right. Thret fnumber (159) represents total
spending on consumers’ goods (first-order goods)ynits of money, for example, tons of
gold; the second number (138) represents totaldspgron the products of the next stage
upstream, and so forth. Thus we here suppose astimeture of production with four stages.
According to our simplifying hypothesis, all originfactors are used in the fourth stage. In
that stage, capitalist-entrepreneurs earn a tet@nue of 104 tons of gold and they purchase
original factors (but no producers’ goods) for 8@4. Thus aggregate original factor revenues

are 90 tons.

Total spending at each stage is equal to the sp&hding at the previous stage discounted
by a factor equal to the PRI, and the PRI is byndtein the same for all stages of production.
In our above example, the PRI is 15 percent, raumerrors being neglected for the sake of
simplicity. Thus total spending on the productstlod second stage (138) is equal to 159
divided by (1+0.15); total spending on the produxftshe third stage (120) is equal to 138
divided by (1+0.15), respectively it is equal t®1divided by the square of (1+0.15); and so
forth. In other words, our spending stream is anggtac sequence of the following sort:

C;C(1+i); C(A+i)2; C(A+D)3; ..; C(1+i)n

It follows that aggregate spending (by definitiaqual to aggregate demand respectively to
aggregate gross revenue) within this stylised sirecof production can be calculated as

follows:
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AS=C+C(1+1)+C(1+0)2+C(1+i)3+...+C(1+Dn

Equation 1
Aggregate Spending within a Simplified Structure ofProduction
Aggregate spending in our example is 611 tons d&ff ¢b59+138+120+104+90=611).
Because of the hypothetical constancy of monetanglitions, the aggregate gross investment
of 452 tons (611-159=452) is necessarily equafggregate gross savings, which corresponds
to a gross savings rate of about 73 percent (448edi by 611). The structure of production
is in equilibrium at a PRI of about 15 percent anéngth of 4 stages. We can summarise the

initial equilibrium situation as follows:

Number  Interest Grc_>ss Gross  Consump- :
AS savings ; . Spending Stream
of stages rate rate savings tion
611 4 0.15 0.73 452 159 159—138—120—104—90
Table 2

Key Structure of Production Data of Initial Final E quilibrium

In order to study the impact of changes occurringte time market, we will continue to
make the usual assumptions designed to facilitameenical illustration and comparison. That
IS, we continue to assume, with Rothbard, constggregate Spending (to exclude the
influence of monetary factors), an evenly rotag@egnomy (to exclude the appearance of risk

premiums), and the absence of consumer credit.

Consider now the consequences of an increase imigsa\buppose that there is an increase
of the supply of present goods (savings) and trexefore the time market settles at a PRI of
2 percent and aggregate gross savings of 518 fayad(which makes for a 84 percent gross
savings rate). Because savings increase by 66ttare, must be a corresponding reduction of
consumer expenditure, which falls from 159 to 98stoThe resulting spending stream and

other key data within the structure of productios then is as follows:

Number Interest Gross Gross  Consump-

AS ; : .
of stages rate savings savings tion

Spending Stream
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rate
611 6 0.02 0.84 518 93 9391—89—87—85—84—82

Table 3
Key Structure of Production Data of New Final Equiibrium
in Accord with Conventional Theory

Clearly, in this case we have reconstructed ther@atiional Austrian scenario, in which a
diminishing PRI and a higher volume of savings gohand with a longer structure of

production (six rather than four stages).

But now let us consider a different possibilityppase that the demand for present goods,
for whatever reason, is very inelastic around tiigai equilibrium and that, as a consequence,
the increase of savings entails essentially a gtanop of the PRI from 15 to 2 percent,
whereas aggregate gross savings only increase48@1o 453 tons of gold. We are not here
concerned with the likelihood of this scenario, marely with its implications for the time

structure of production. The resulting spendingastn and other key data are now as follows:

Number Interest Gross Gross Consump-
AS savings ; . P Spending Stream
of stages rate rate savings tion
611 3 0.02 0.74 453 158 158—154—151—148
Table 4

Key Structure of Production Data of New Final Equiibrium
Contradicting Conventional Theory
The structure of production has becosim®rter despite the slight increase of savings and
the very substantial drop of the PRI. This resgitassely contradicts one of the main tenets of
conventional Austrian capital theory, accordingvuich the PRI is always negatively related
to the length of the structure of production. Assee in our example, at least in some cases
the PRI is positively related to the length of greduction structure. A higher PRI can go in

hand with a longer structure of production, andvedr PRI can go in hand with a shorter one.

The reason for the apparent irregularity that weehast discussed is that the PRI is not

negatively related to the roundaboutness of prediigto the number of production stages).
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Rather, it is precisely the other way rodn@ihe higher the PRI, the higher is the discount
between the revenues of any two stages; in othedsythe higher the PRI, the higher is the
difference between revenue and cost expenditueadah stage. But if there is no change in
aggregate demand, and if (as in our example) coasexpenditure is by and large stable,

then this can only mean that a higher PRI “pusimegestment expenditure back” further

upstream.

Number Gross .
AS of Interest savings Gr(_)ss Consumpti Spending Stream

rate savings on

stages rate
611 3 0.02 0.74 453 158 158154—151—148
611 4 0.145 0.74 453 158 158137—120—105—91
611 5 0.217 0.74 453 158 158129—106—87—72—59
611 6 0.259 0.74 453 158 158125—99—79—62—49—39
611 7 0.286 0.74 453 158 158122—95—74—57—44—34—27
610 8 0.305 0.74 452 158 158121—92—71—54—41—31—24—18
610 9 0.317 0.74 452 158 158119—91—69—52—39—30—22—17—13
610 10 0.325 0.74 452 158 158—119—89—67—5i338—29—22—16—12
611 11 0.331 0.74 453 158 158_118_59_67__58::;7_28_21_16_12
611 12 0333 074 453 15 108 HEB8766750 37282l Ao

Table 5

Numerical Simulation of Key Structure of Production Data
at a Constant Gross Savings Rate of 74%
Let us illustrate this fact with a numerical sintida. Thus consider the above structure of
production data, based on a constant gross saxag®f 74 percent, and omitting rounding
errors (Table 5). They show that the number of egagcreasesas a consequence of an

8 In his brilliant paper, Renaud Fillieule (200®tices this fact, based on a mathematical derimatio
the relation between the average production pesiodhe one hand, and the pure interest and consumer
expenditure on the other hand. However, he negéeaisalmost refuses to come to grips with his discp
He states: “This formula is interesting in thaglibws that a diminution of the rate of intedegttself—i.e. in
the unrealistic case wheralecreases without any change in the ratio (I/@jodld lead to ashorteningof
the structure.” (p. 202) Similarly, in the conclusiof his paper he further downplays his findingsgting
on account of the aforementioned formula thatHlibws thatith this kind of structurgmy emphasis, JGH],
the average length is directly — and not inverselglated to the rate of interest.” (p. 208) Beeaokthe
absence of any genuinely economic explanation isffthding, upon first reading Fillieule’s paperwas
convinced there must be an error somewhere in ditbamatical derivation of the formula. Being absorb
by other projects, | did not take the time to exaanit in detail. Only some two years later, wheset out to
develop some numerical and graphical illustratiohshe Austrian model for my macroeconomics cldass a
the University of Angers, did | stumble upon thensafinding. At that time | had forgotten Fillieusepaper,
which | “rediscovered” a few months later, onlyfitad that he had anticipated much of my own work.
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increase of the PRI. Whatever the level of aggeegapenditure, and whatever the aggregate
savings rate (respectively the aggregate investmata}, an increasing PRI means that there
are larger spreads between revenue and costslaseae of production. Even ¢gbnsumer
spending remains constant, as in our simulatioereths an absolute decrease of business
spending in each stage, with a snowballing tend@scgne moves upstream. Where does the
spending go? It can only go upstream, creatingraddew stages of production and thus

lengthening the overall production process.

Table 5 also shows that there is a ceiling for gbesible level of the PRI. At the gross
savings rate assumed in the above example, thegsgems to be around a PRI of 34 or 35
percent. As the PRI approaches this ceiling, itpaot on the length of the structure of
production grows exponentially. Moreover, it can ib&erred from Table 5 that there is a
minimal number of stages for each gross savingstratt does not depend of the PRI. In the
above case, for example, it is impossible to haas than three stages, because the gross
savings of 453 tons of gold cannot be profitablgesg out over only one higher stage, with

consumption expenditure in the first stage of drig tons.

We can illustrate these findings concerning thati@hship between the PRI and the length

of the structure of production with the help of tbbowing Figure 14:

Pure Rate
of Interest

Length of Production
(Planned Number of Stages)

Figure 14
Relation between the Pure Rate of Interest and thlumber of Production Stages

This curve holds for a given gross savings ratea Atgher savings rate, the curve shifts to

the right, because the additional spending can loalgnade within additional stages upstream.
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(See numerical simulations in Appendix I). Thus el#ain the Figure 15 representing the
impact of the gross savings rate.

pure rate of interest
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Figure 15

Relation between the Pure Rate of Interest and thlumber of Production Stages
at Different Gross Savings Rates

Notice that, at increasing gross savings rates,nmiemal number of stages increases
whereas the ceiling on the PRI diminishes. In otwerds, an equilibrium structure of

production can accommodaday gross savings rate, if only the PRI is sufficigmoiw.

Let us highlight again that the positive relatietvieen the PRI and the roundaboutness of
production squarely contradicts the conventionaktAan theory of interest, according to
which an increase of the PRI tends to entail atshorg of the structure of production;

whereas a decrease of the PRI tends to entaib#hleming of the structure or production.

No such anomaly appears as far as the impact afrtss savings rate on the length of the
structure of production is concerned. Here numesitaulations confirm the account that we
find in conventional Austrian theory, namely, thia¢ savings rate is positively related to the
length of production. The reason is that, at anyergithe PRI, more savings imply lower
consumer expenditure, so that downstream investeeuenditure will decline accordingly.
The only place where this spending can go is furthgstream, creating new industries for
higher order goods.

The numerical simulation displayed in Table 6 isdzhon a constant PRI of 10 percent,

again omitting rounding errors. The figures sugdgleat there is ceiling for the possible level
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of the gross savings rate. Such a ceiling must éxisany positive PRI because the revenue
of the last stage cannot be zero or less. Moredvesin be inferred from Table 6 that there is

no minimal number of stages for each PRI.

Number Interest Gross Gross
AS of savings : Consumption Spending Stream
rate savings
stages rate
612 1 0.1 0.47 291 321 324291
612 2 0.1 0.63 388 224 224203—185
613 3 0.1 0.71 437 176 176160—145—132
611 4 0.1 0.75 464 147 147133—121—110—100
611 5 0.1 0.79 483 128 128116—105—96—87—79
613 6 0.1 0.81 498 115 135104—95—86—78—71—64
612 7 0.1 0.82 507 105 16595—86—78—71—65—59—53
Table 6

Numerical Simulation of Key Structure of Production Data
at a Constant PRI of 10%
We can illustrate these findings concerning thati@hship between the gross savings rate
and the length of the structure of production kit help of the following Figure 16:
Gross

Savings
Rate

Length of Production
(Planned Number of Stages)

Figure 16
Relation between the Gross Savings Rate and the Nier of Production Stages

This curve holds for a PRI. At a higher PRI, theveushifts to the right, because the spread
between revenue and cost increases at each staieng spending back to additional stages

upstream. (See numerical simulations in Appendix Tihus we obtain the Figure 17
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representing the impact of PRI on the relation leetwthe gross savings rate and the length of

production:
Gross Savings Rate
E I\ increasing

¢ 1 pure rate
| ofinferest

& Planned length of
production (stades)

Figure 17
Relationship between the Gross Savings Rate and thlumber of Production Stages

at Different Pure Rates of Interest
To sum up, our analysis has stressed an anomalyapipears, from the point of view of
conventional Austrian macroeconomics, as far as rdlation between the PRI and
roundaboutness is concerned. We have demonstitaedntreases of the pure interest rate
tend to lengthen the structure of production, nathan to shorten it; and inversely, a lower

PRI tends to entail less roundabout production gsses.

This fact contradicts the core tenet of the timefgnence theory of interest. According to
this theory, a lower time preference is tantamotumta greater willingness to wait for
productive efforts to come to fruition. In other nde, low time-preference persons will at all
times and all places have a tendency to embark ore Hong-term projects than similar
people with a higher time-preference. In a monetgnomy, things are not fundamentally
different. The same universal relation between tpneference and the planning horizon
subsists. The only difference is that this relaimmow mediated through the interest rate. A
lower time preference entails a tendency for irderates to drop, and this drop of the interest
rate incites investors to make additional investimepstream, thus lengthening the structure

of production.

However, as we have seen, these claims are noahdi@re indeed the exact opposite of

the truth. This raises two questions: First, why thas error been overlooked for such a long
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time? Second, what is the meaning of the posiation between the PRI and the length of
the production structure? We cannot at this plazengp full detail trying to answer these

questions. We can merely suggest a few elemerntartbgart of the answers.

As far as the first question is concerned, thresuonstances seem to have played a role in

maintaining what, all things considered, must deedaan astonishing lapse.

One, there was without any doubt a certain intaliclaziness. The basic “universal”
relation between time preference and the investrhenizon intuitively makes sense and
finds, within the context of a monetary economyready confirmation in the standard
savings-based growth scenario that more or lessopubised the attention of Austrian

economists. As a consequence, until very recenttydy had a closer critical look.

Two, the main point of the conventional Austriandebwas to disproof the standard
Keynesian respectively neo-mercantilist claim tipaiwth depends on the level of monetary
spending and the price level. Further developmdnthe conventional model was of
secondary importance next to combating this forilelapponent.

Three, Austrian scholars have also been mislechbyimplications of a purely technical
device, namely, the Hayekian triangle. The trianglés the horizontal coordinate at point
zero. With this starting point, the only possilyildf accommodating higher savings at a lower
PRI is, indeed, through a lengthening of the stm&ciof production (see Figure 8, above).
However, as we have seen, the triangle is a wrepgesentation of reality precisely in this
regard. Cost expenditure in the last stage of ptaiu is not zero, but positive, and can be
very substantial from an aggregate point of viespeeially in a developed economy, in which
the last stage uses capital goods that have bemiuged in previous periods. Hence,
Rothbard’s trapezoid representation of the timeicsire of production is preferable to
Hayekian triangles, and such trapezoids can ebsilysed to illustrate the positive relation
between the PRI and roundaboutness. Indeed, itrdpezoid figure proposed by Rothbard,

the surface under the expenditure curve is equalet@mount of aggregate spending:
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Expenditure

Length of P i
(Planned Number of Stages)

Figure 18
Aggregate Spending within the Structure of Producthin

It follows that if the curve becomes steeper (tHel khcreases), the total volume of
spending must diminish; and if the curve becomesidit (the PRI diminishes), the total

volume of spending increases.

Expenditure

i=2%

i r 158

453

Length of Production
{Planned Number of Stages) 5 4 3

Figure 19
Impact of a Varying PRI at a Given Gross Savings Ra

Figure 19 is a graphical illustration of the fitetree lines of Table 5, in which we had
given a numerical simulation of the key structufepooduction data at a constant gross
savings rate of 74 percent. Because the grossgsavate does not vary, total consumer
expenditure is always 158 tons of gold, and to@Nirgys (equal to total investment
expenditure) is always 453 tons. At an interest tdt2 percent (top green line), the 453 tons
of savings are spent within three stages of praaoioictat an interest rate of 14.5 percent
(middle red line), the 453 tons of savings are spethin 4 stages; and at an interest rate of
21.7 percent (bottom blue line), it needs 5 stagepend those 453 tons.
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Now let us briefly turn to the second question wesed above, namely, the question
pertaining to the meaning of the positive relatlmetween the PRI and the length of the
structure of production. What is the economic rotefunction of a lengthening of the
structure of production resulting from an increatéhe pure rate of interest? There is at least
one function that we have already stressed infardiit context, although at the time were
still holding the conventional model to be accuréteHilsmann (2009) we have highlighted
the fact that a higher PRI thins out the upstretges. Fewer investments are made upstream
and these investments earn a relatively high retwhich means that the firms are relatively
safe from insolvency. Yet this means nothing elsitiat the structure of production becomes
more robust. Unforeseen events have a less dramgiact on the solvency of the different
firms and, thus, on the stability of entire netwarkfirms. In short, higher interest rates
switch the structure of production into “safety reddinversely, a lower PRI enlarges the
upstream stages. Relatively more investments asenmade upstream, and in each stage firms
operate at lower margins. The economy is therefaree vulnerable to unforeseen events.

Again, we propose these reflections as tentatiejesstoward a more systematic analysis of
the causes and consequences of variations of the@R main point at this stage of the
enquiry is the plain fact, completely overlookediluwery recently, that the PRI is positively
related to the length of the structure of productiBrom this starting point, we can now

venture to reconstruct the Austrian approach toraemonomics.

In the following chapter, we will elaborate, veryuah in tune with Fillieule (2007), a
model of the relations between three macroeconamistructural variables, namely, the
interest rate, the gross savings rate, and thdHewofgthe structure of production. We shall
apply this model to analyse different growth scergaand their impact on the distribution of
monetary and real revenues. We will also use tludehto discuss human capital formation,
consumer credit, and changes in monetary conditidrsubsequent chapter will then deal
with the analysis of booms and busts.

Toward a Richer Theory of the Structure of Producton

The conventional theory of the structure of producsuffers from an overly narrow focus
on just one scenario for savings-based growth ectsgely for capital consumption. The real

world is richer than that. In the present chaptes,will therefore try to develop some new
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analytical tools to cope with this reality. Our maobjective is to prepare toward an
encompassing and systematic theory of the possiéifications of the structure of

production.

Structural Variables

As we have stated in the introduction, the maimpof the conventional Austrian model of
the structure of production is (1) to explain hagher savings entail growth; (2) to show that
this growth process is independent of the levehohetary spending and the price level; and
(3) to explain how monetary expansion can causa-iemporal disequilibria. As we have
seen, the Austrian model stresses a small numbetroftural variables that are held to
determine growth. These are the interest rateh@),gross savings rate (s), and the length of
the structure of production, approximated in owoamt by the number of stages of the same
length (n). These three variables are interdepdandHmeir relations can be represented
verbally, algebraically, and graphically. In theegent section, we will briefly consider an
algebraic representation and then turn to propoggaphical model that we shall use to

illustrate our subsequent discussions.

Figures 15 and 17 illustrate the important fact that all combinations of the structural
variables (s, i, and n) are possible in final aquiim. For example, at a given length of the
structure of production, the higher the gross sga/iate, the lower must be the PRI, lest there
be no equilibrium at all; and inversely, the highiee PRI, the lower must be the gross savings
rate. The explanation of this fact is that thera iguantitative relationship — though not a
constant one — between the structural variables.th® simplified setting that we have
considered in our previous discussion — notablyragsy that all originary factors are used
only in the most upstream stage — this quantitaationship can be derived from Equation

1, which we have introduced above:

AS=C+C(1+1)+C(1+0)2+C(1+i)3+...+C(1+Dn

Equation 1
Aggregate Spending within a Simplified Structure ofProduction
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Equation 1 contains absolute spending variablesneha aggregate spending (AS),
aggregate consumer expenditure (C), and — by iaipdic — aggregate gross savings (S). It is
therefore tempting to misread the equation, as estgyy that the structure of production
depends on absolute spending levels. However,ghaten can be transformed and reduced
to a relation between the structural variables {fier derivation, see Appendix Il). Thus one
obtains the following Equation 2:

s= (1+i)n-1- 1(1+i)n- 1

Equation 2
Cardinal Relation between the Gross Savings Rate)(she Pure Rate of Interest (i),

and the Number of Stages of Production (n) in a Sipiified Setting

The cognitive value of Equation 2 is rather limitdtd holds only for the possible but
unlikely setting that we have assumed to simplify previous discussion. It can therefore not
be applied to more probable — and more complexses;an which originary factors are used
in varying degrees in different stages of productidoreover, the equation does not express
any insight that was not previously gained througtbal or discursive reasoning. Actually, it
is far from being a self-evident expression ofltlasic relations that we identified beforehand.
It needs far more than basic mathematical trainacnghfer from Equation 2 that there is a
positive relation between the interest rate andehgth of the structure of production, and a
negative relation between the interest rate andsthengs rate. In short, Equation 2 is

unsuitable as a pedagogical device.

What Equation 2 does is to illustrate, for one \v&@mgple setting, the fact there are cardinal
relations between the structural variables. Buseheardinal relations are contingent because
the setting itself is contingent, for the reasohat tMises, Hoppe, and other Austrian
economists have stressed in their writings on thistemology of economics. Therefore,
Equation 2 is of general significance only to thkéeat that theordinal relations between the
structural variables are universal. There is alwayd everywhere a positive relation between
the interest rate and the length of the structurgroduction; and there is always and

everywhere a negative relation between the inteadstand the savings rate
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As a pedagogical device, we propose to summaresédsic interdependence between the
structural variables with a four-quadrant graphidhistration (Figure 20) featuring the

following panels:

() a panel representing the time structure of potidn, in the form of a Rothbardian

trapezoid,;

(I) a panel representing the macroeconomic budgetdxpressing the fact that monetary
conditions (demand for and supply of money) deteensiggregate spending, which in
turn is composed of aggregate consumer expenddnce aggregate investment

expenditure (equal to gross savinys);
(1) a panel representing the time market;

(V) and a panel representing the relation betwt#benPRI and the length of the

production structure (our above Figure 14).

9 Fillieule (2005, p. 3) calls this the “line of grggate expenditure.” He relies on Reisman’s (1996,
536-540) concept of “invariable money.” Our condeptdiffers marginally from this approach in thae w
distinguish between the demand for money and thaemcupply as two distinct — though not always
independent — factors determining aggregate expendi

10 The time market is more encompassing than thkehfor loanable funds used in Garrison’s (2001)
graphical model. For a critique of Garrison’s modele Hilsmann (2001) and Fillieule (2005).
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Figure 20

A Structure of Production as Determined by Interde@ndent Structural Variables

Figure 20 represents an economy in final genenailibgum. The partial equilibrium on
the time market (Quadrant Ill) yields a pure rafeinderest and a total volume of gross
savings that are being exchanged for factors ofdymtion and for IOUs. Monetary
conditions, which determine the budget line redpelst the level of aggregate spending
(Quadrant Il), are assumed to be stable. One paggregate spending comes in the form of
investment expenditure. This part is equal to t@altvolume of gross savings precisely
because we assume monetary conditions to be stathlere is no hoarding or dishoarding,
and no money production. As a consequence, all ynangs that are not used for consumer
expenditure are saved and are spent on factorsamfugtion, either directly or through
financial intermediarie$. The partial equilibrium on the time market in aomjtion with the
budget line implies a certain volume of aggregav@samer expenditure on which the
structure of production is built (Quadrant I). Tleagth of the structure is determined by the
total volume of gross savings and by the PRI. Thisletermination is displayed in the curve
of Quadrant IV (Figure 14), a curve that represehts relation between the PRI and the
length of the structure of producti@t a given gross savings rat€éhe PRI determines the

11 We still suppose that there is no consumer tréé will drop this assumption in a subsequentisec
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discount rate between the different stages of prtoolu and therefore, as we have seen, the
length of the structure of production.

It needs to be stressed from the outset that the-doadrant scheme in Figure 20
represents only thanterdependenceof the structural variables, but not thmausal
relationshipsthat are here at work. The ultimate causes ofsthectural variables are the
subjective values of the market participants. Theslees entail all prices, revenues, and
allocation of factors of production within the tinsructure of production (Quadrant I). The
samevalues are reflected in the demand for and supbpresent goods and future goods on
the time market (Quadrant Ill), which is nothingt Busummary or aggregate expression of
the time structure of production (Quadrant 1), véhilre very sam@resent goods and future
goods are being exchanged in different stagestwbeuadrants | and Ill therefore represent
the same fact from two different points of viewdeggate and disaggregated according to the
stages of production). The other two quadrantard IV) too do not represent elements of
causal chain or sequence of events. Rather, th@esent material or mechanical relations
through which human values come to be reflectetthénstructure of production. Quadrant Il
displays the mechanical fact that the same doleamot be used at the same time for
consumer expendituignd for investment expendituig@nd for cash hoarding, but only for one
of these uses. Quadrant IV represents the mechdaatdhat a rising PRI makes it necessary

to spread out investment expenditure in new stagsgeam.

Let us now proceed to show how this graphical taol be used to illustrate modifications
of the structure of production. As a first step sider the type of modification that has centre
stage in the conventional Austrian account of sgadibased growth, respectively of dis-saving
and capital consumption. Figure 21 (below) repressehree different final equilibrium
situations. The first one is the initial equiliomudisplayed in Figure 20 characterised by an
initial total volume of gross savings (S1) and aregponding gross savings rate of S1/AS.
The second equilibrium represents a lengthenintpeftructure of production subsequent to
an increase of gross savings (from S1 to S2) aleitg a drop of the PRI. The third
equilibrium represents a shortening of the struictifrproduction due to capital consumption.
It results from a drop of gross savings (from SIS8) along with a rise of the PRI. As we
have seen in the previous chapter, the impacteoPfRI on the roundaboutness of production
depends on the gross savirrgte. To take account of this fact, in Quadrant IV \werefore

have to replace Figure 14 with Figure 15.
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Interdependence between Structural Variables at varing Gross Savings Rates

Again, this four-quadrant scheme is merely anftitatgon of insights that we have gained
on other grounds. It does not add to our knowledgg, serves as a pedagogical tool to
visually convey the interdependence between thehas that, from the Austrian point of
view, determine the time structure of productianwhat follow we will apply it to illustrate
our discussion of growth, distribution, and otls=uies?

Human Capital

It is customary to distinguish between originaltéms of production (land, labour) and
produced factors of production (capital goods). ideer, original factors very rarely exist in
their state of nature. Most of them have beeneatdténrough various acts of production. They

include an original component and a capital comparfepiece of arable soil is composed of

12 In the present work, we focus on capital-bagegvth mechanisms. This does not exclude the presenc
of other mechanisms, for example, as in endogempowth theory. See Young (2009) and Engelhardt
(2009).

34



the original land and the various modificationsigieed to make it more easily arable and
abundant. Similarly, each human person is a comligéxg being, endowed with various

original attributes, talents, and aspirations gdhgsical, intellectual, and spiritual kind, as
well as with additional “cultural” attributes, disgitions, abilities, and aspirations that have
been produced through a long-winding and ongoingcational process. Such cultural

acquisitions range from table manners and dis@phinwork over the respect of honesty and
contracts to the ability to love and trust God gedple. What makes a human being truly a
“person” is a cultural achievement. We can calleaspn’s cultural acquisitions the human

capital of that person.

Human capital is a capital good in the exact seémsehich we speak of capital goods in
general, namely, in the sense that it yields “ine@nd other useful outputs over long periods
of time.™? Not all spending made to increase human capitalaide in order to obtain future
monetary revenue. However, there are incentivaavest in human capital for exactly the
same reasons that lead to investments in matemtiat goods. From the point of view of the

theory of the structure of production, human capiges four particular features:

(1) It is permanent (ideas do not wear) and theeeftwes not need to be reproduced and

replaced.

(2) part of it is non-specific (table manners, hdaneserviceableness, etc.) and part of it is

specific (engineering skills, knowledge of capttedory, etc.)
(3) it is inseparable from the person;
(4) a large part of it is produced for other purmod&an monetary revenue.

We can definanvestmentan human capital as that part of spending madedcease
human capital that is made in order to obtain fitmonetary revenue. Investments in human
capital are competing with all other projects imtbich these sums could have been invested.

The resources used to form human capital (fooashieg materials, materials used to built

13 G.S. BeckerHuman Capital(3“ ed., Chicago: University of Chicago Press, 1994)15. The author
continues: “Schooling, a computer training couesgenditures on medical care, and lectures onithees
of punctuality and honesty are capital too in thase that they improve health, raise earningsddrta a
person's appreciation of literature over much efdri her lifetime. Consequently, it is fully in kgeg with
the capital concept as traditionally denned totkay expenditures on education, training, mediead cetc.,
are investments in capital. However, these produgean, not physical or financial, capital becausa y
cannot separate a person from his or her knowleslgits, health, or values the way it is possitdentove
financial and physical assets while the owner spays
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school houses, etc.) aieso factonot available for other projects where they calkb have
been used.

As in the case of all other forms of capital inmeshts, investments in human capital have
to be contextual. It does not make sense to tr@jd0D young men and women to become
ocean-liner captains if only 100 ocean-liners exAdt capital needs to be produced in the
right proportion, given the existing structure obguction — in other words, given all other
factors of production. It follows that there is Bur thing as an optimal amount of investment
in human capital. Correspondingly, it is possilkattthere not be enough investment in
human capital; and it is also possible that investihin human capital is excessive. There can
be lacking investment in training and informatiargaisition, but there can also be too much
of it.

A currently fashionable dogma denies the secondilpitis). The evidence is the statistical
spread of income between high-school gradates lamdjtaduates of bachelor, master, and
PhD programmes. But this evidence is irrelevantdemonstrate to point. It merely
demonstrates that educational differences havenpadt on income differentials. But this is
beside the point. What is here in question is therall productivity of the structure of
production. By definition, all combinations of facs of production, except for the optimal
one, reduce the physical productivity of the ergtreicture of productioas compared to that
optimal combination It is therefore very well possible that we haw® tmany college
graduates, in the sense that this reduces thelbgbkyaical productivity of the economy. The
resources needed to train these students are dpakisther places of the economy where they
could have been employed more productively. Belee, will argue that today the general
tendency is to overinvest in human capital, ancesfly to malinvest in it — the wrong type
of human capital is being created at the expens®har types that could have been created

instead.

Capital-Based Growth: Basic Mechanisms

Economic growth is difficult if not impossible toefine because it presupposes the
possibility to make comparative aggregate statesnainbut heterogeneous goods. A growing
economy is one that produces more consumer goadsittra previous period. But in the real
world there is no such thing ascateris paribusancrease of production. Rather, any increase
of the production of some goods goes in hand witlerochanges, for example, with changes

in living conditions. Industrial societies do natlp produce more cars and airplanes than
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agricultural societies; they also feature fewerepuigreen landscapes and fewer spotlessly
blue skies. No economist is in a position to stat# industrial conditions are somehow
“better,” “more,” or “preferable” to the ones préwag in agricultural societieandto claim
general validity for his statement. Some peoplehindisagree and could not be proven to be

wrong.

Growth theory cannot possibly overcome this diffizuwWhat it can do is to explain why
and how it is possible to increase the productioa great number of goods at the same time,
recognising that this increase is costly becaugeeas in hand with other changes that might
be regretted. Thus we can speak of growth whenévempossible tagenerallyincrease the
total physical output in a given period. This dafon is still not clear-cut, but the difficulties
that we here confront are analogous to those emed) for example, in defining price
inflation as a permanent increase of the pricelletas difficult to say whether there is
growth when the production of cars increases by, units whereas the production of
airplanes drops by 5,000 units. By contrast, tivevald clearly be a general increase of total
physical output if both car production and airplgmeduction were to increase. This is what

we have in mind when speaking about growth.

Austrian economists uphold the classical traditiongrowth theory. Following Adam
Smith, the classical economists have recogniseeetlwasic growth mechanisms: (1) the
accumulation of capital, resulting from investedisgs; (2) the division of labour; and (3)
technological progress. Austrians have elaboratedparticular the first and the third
mechanism. They have stressed the role of entreprehip in promoting innovation (third
basic mechanism), a point that we shall largelyleetgn the present paper. Austrians have
also stressed the time dimension of the investroérsavings, and the negative impact of
monetary policy on the inter-temporal equilibriurh investments within the structure of
production (first basic mechanism). In this figlggir arguments are quite essentially based on
an insight first formulated by Carl Menger in Hsinciples of EconomicsMenger (1976:
73f; 1871: 26ff) argued that growth results frone thcreasing control of evermore remote

causal factors determining the production of corenshgoods:

In its most primitive form, a collecting economydenfined to gathering those

goods of lowest order that happen to be offerechémyre. Since economising

individuals exert no influence on the productiontleése goods, their origin is

independent of the wishes and needs of men, andehes far as they are

concerned, accidental. But if men abandon this mostitive form of economy,
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investigate the ways in which things may be comdbimea causal process for the
production of consumption goods, take possessiahings capable of being so
combined, and treat them as goods of higher otldey, will obtain consumption
goods that are as truly the results of naturalgsses as the consumption goods of
a primitive collecting economy, but the availabieagtities of these goods will no
longer be independent of the wishes and needs of mstead, the quantities of
consumption goods will be determined by a prockasis in the power of men
and is regulated by human purposes within the dirsigt by natural law. [...]
Increasing understanding of the causal connectimt&een things and human
welfare, and increasing control of the less proxeneonditions responsible for
human welfare, have led mankind, therefore, frostame of barbarism and the

deepest misery to its present stage of civilisagiod well-being [...]

This implies that longer production processes -thieyvery fact that they are longer — can
be physically more productive than production psses of a shorter duration. The longer the
production process, the more natural forces carcdreverted into tools that make the
production of consumer goods ever more abundans. ihkight was the jump-off point for
Bohm-Bawerk’s magisterial contribution. Followingeliger — and also W.S. Jevons — he
emphasised that any lengthening of the structupgarfuction presupposes increased savings
that allow the human beings engaged in the longergss to bridge the longer time needed
until the additional consumer goods were readycdonsumption. In short, the larger the
volume of savings, the longer the possible produciprocesses and thus the higher the

potential physical productivity of labour.

These insights about the relations between the rlyiig real variables in growth
processes naturally raised the question how these felations” are modified in a monetary
economy. Hayek, Rothbard, and their present-daloviers answered this question by
developing a model of the now conventional savipgsed growth mechanism. Higher
savings tend to lengthen the structure of prodaocaad thus entail @hange of relative
spending within the structure of productjda the benefit of upstream and to the detrimént o
downstream stages. The change of relative spemteaies revenue differentials between the
stages. This incites the owners of all non-speddators (especially labour and savings) to
reallocate their resources further upstream. Asrseguence, more tools and other producer

goods are being created, which is tantamount te#&sing the physical productivity of labour
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in the consumer-goods industries. Hence, the agtgeghysical output of the economy is
being increased.

However, this conventional Austrian growth scenaré@ds to be nuanced. It relies on the
assumption that two variations always occur sinmgltasly, namely, a drop of the PRI and an
increase of gross savings. But, as we have seerg th no reason to assume that these two
variations always go together. An increase of tlesg savings rate could go in hand with an
increase of the PRI, and a drop of the PIR coultbo@intly with a reduction of the gross
savings rate. Hence, we have to analyse the greffebts of these variations separately, even
though in actual practice they are often mixed.rBases of the PRI can entail growth effects
by changing relative spending within the structofeproduction. Increases of the gross
savings rate can entail growth effects both by ghanrelative spending, and by attracting
additional resources into the economy. Generalgakmg, one can distinguighree basic

growth mechanismis a monetary econonty.

(1) A change of relative spending between upstreach downstream stages may result
from the mere lengthening of the structure of pabidun — that is, even if the PRI does not
change. The creation of additional stages upstrgmn facto changes relative spending
within the structure of production. The new stagesate producer goods that make human
labour in the downstream stages more productive. [€hgthening therefore tends to entail
growth.

(2) There can also be a change of relative spenlitign the time structure of production
that results from the decrease of the interest thtthe PRI drops, there is a simultaneous
widening of the upstream stages resulting from tgreexpenditure, and a thinning of the
downstream stages resulting from decreased expeeditven if the overall length of the
structure of production did not increase, the redatvidening of the upstream stages would
have a similar effect as the previously discussedthening. It would attract more labour and
capital upstream, thereby increasing the outpytroflucer goods that make human labour in
the downstream stages more productive. Heaceelative widening of the structure of
production, too, tends to entail growth even if tiverall length of the structure of production

does not increase

14 We exclude at this point endogenous growth fimm consideration, because it does not seem to
originate on the time market. We shall discuss gedous growth in the context of human capital.
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(3) Finally, increases of the gross savings raten if they do not affect relative spending
between the different stagéscrease investment spending and therefore inertrge revenues
of employed as compared to unemployed factors ofiymtion. They therefore create
incentives for the owners of hitherto unemployectdes to sell respectively rent them out on
the market. In short, increases of the gross saviage tend to make more factors of

production available, thereby increasing the tpkgisical output of the economy.

Thus we have identified three basic mechanismsugirowhich changes on the time
market, respectively changes within the time stmecbf production, tend to entail economic
growth. Now things get complicated because, as awe lemphasised, the PRI and the gross
savings rate may vary in just about any combinathswe shall see, only in one of these
combinations all three mechanisms are operativelllnther combinations only two or less
growth mechanisms are at work. Sometimes the méeaharwork in opposite directions. For
example, a drop of the demand for present goodsilerd lower PRI and a lower gross
savings rate than would otherwise have occurree [Blwer PRI then increases relative
spending in some of the upstream stages and omadhbatint entails growth, whereas the drop
of gross savings reduces factor revenues and thertfctor employment. Will these opposite
tendencies neutralise one another, or will one r@nmt supersede the other one? Our
theoretical analysis does not tell. The (contingeptantitative impact of each of the three

mechanisms can only be determined ex post for eawtrete historical setting.

Scenarios of Growth and Distribution

In what follows, we shall proceed to analyse a#r&rios in which at least one of the
aforementioned growth mechanisms is at work, elvens counterbalanced by one or both of

the other mechanisms. We shall call these scengirivgth scenarios.

We can distinguish eight such growth scenarios.hEaicthem is characterised by a
particular variation of the time market and of #teucture of production. For each of them,
we shall analyse how monetary and real revenuéxkahge for (a) savers-investors, (b) the

owners of originary factors, and (c) from an aggtegpoint of view. Thus we get a rough

15 In Hilsmann (2008), we have distinguished twagidbarowth scenarios based on the distinction
between the length and the width of the structdneroduction. We now hold that these distinctions aot
precise and detailed enough and need to be superbgdhe following discussion.
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notion of the respective growth scenario affecesdistribution of income between capitalist-
entrepreneurs on the one hand, and land and lalbmers on the other hand.

Moreover, for each scenario we will try to figuratan very rough terms how it ranks
relative to the other scenarios in its growth poé&nThis ordinal ranking will be based on the
number of growth mechanisms that operatsitively (lengthening of the structure of
production, change of relative spending in favoliupstream stages, increase of the gross
savings rate) as well as by the number of those dparatenegatively(shortening of the
structure of production, change of relative spegdimfavour of downstream stages, drop of
the gross savings rate). Each positive influenceesses the “case probability” of growth.
Each negative influence diminishes the case prébabf growth.

Growth Scenatrio |

Let us start our analysis with the scenario coneeat Austrian scenario of savings-based
growth. It is characterised by an increase of ttesg savings rate at a constant demand for
present goods. This entails a drop of the PRI dad a lengthening of the structure of
production. Hence, this scenario has the unigueifeaf positively combining all three basic
growth mechanisms. It is therefore the strongessipte growth scenario. Figure 22 gives an
illustration. For the sake of simplicity we do mefproduce all four quadrants, but only the
panels showing the time market and the structupraduction.

Expenditure

eeeee

s1

Gross  Length of Production
Savings  (Planned Number of Stages)

Figure 22
Growth Scenario |

Increase of the Supply of Present Goods at a ConsitaDemand Schedule
Entailing a Lengthening of the Structure of Producton

How does this scenario affect monetary and reatmegs in the new final equilibrium?

What can be said about its impact on the finakitistion of revenues? The general tendency
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of monetary revenues is to fall, because the vig®rgrowth occurs at constant monetary
conditions, thus entailing a significant drop o tbrice level (growth deflation). This fall will
be most moderate in the case of the ownersoatspecifidactors such as labour and energy
resources (coal, gas, etc.). Their monetary revemid tend to equal their discounted
marginal value product (DMVP), which is roughly ageng equal to the arithmetic product of
their marginal physical product (MPP) and the poég¢his physical product, divided by the
interest raté® In the present scenario, the MPP increases whémneaiterest rate falls. On
that account, therefore, the DMVP of factors ofduction tends to increase. However, the
falling price level entails an opposite tenden@ytlsat on that account the DMVP of factors
tends to diminish. Again, the overall result defend the particular situation of each factor.
Some non-specific factors might end up earning énighonetary revenues, while others will
earn less than before. The general tendency ia $tight decrease because of the strong drop

of the price level.

The owners o$pecificfactors of production used in the upstream stagght even end up
earning higher monetary revenues. This dependf@mittent of the increase of the savings
rate. In Figure 22, we see that, in the new equuiib, monetary spending is higher in some
of the upstream stages than before, and that ateseentirely new incomes in the additional
stages created most upstream. However, considéoltbeiing variant of Growth Scenario |,
in which the gross savings rate drops so muchaattdiminishes spending in all but the new

stages:

Expenditure

/

sl

Length of Production
(Planned Number of Stages)

Figure 23
Variant of Growth Scenario |

Diminished Spending in All but the Most Upstream Sages

16 For a more precise exposition with the samelttesee Rothbard (1993), pp. 477-78 and Appendix A,
pp. 428-431.

42



In this case it is likely — though not necessatilg case — that all factors except for the
specific factors used in the new stages will eawel monetary incomes than before.

What about savers-investors? Their interest incanesubject to two opposite forces. On
the one hand, they save and invest more and oraticaunt obtain more interest payments.
On the other hand, the interest rate drops andhah dccount they earn lower interest
payments. The overall result depends on the pé#atictircumstances of each case. We
therefore have to say that the present scenaris doehave any systematic implications for

the monetary revenues of savers-investors.

Now let us turn to the new final distribution @al revenues. From the outset it is clear
that the latter will strongly increase in the aggte, because total monetary spending remains
constant whereas the price level plunges. For saugestors this implies that their real
revenues will tend to increase. As we have seesir thonetaryrevenues will not be
systematically affected, and thus the drop of theeplevel entails a tendency for thegal
interest revenue to increase. The increase ofegahues is even more clear-cut in the case of
the owners of original factors. Indeed, their nealenue tends to be equal to their marginal

physical product (which strongly increases) divitbgdhe interest rate (which declines).

Monetary Revenues P Real Revenues

Growth Rank n i s > Sasver OF s Savers OF

1 (A R O
Table 7

Key Features of Growth Scenario |

Table 7 summarises our foregoing discussion. Owatyais of the other seven growth
scenarios can rely on the considerations that we just presented and can therefore be more

concise.

Growth Scenatrio Il

Our second growth scenario is characterised bymal&neous increase of the gross
savings rate and of the demand for present godusselchanges have no systematic impact
on the PRI, and thus there is no relative changspehding on that account. However, the
gross savings rate is substantially higher in tbw structure, which is therefore much more

physically productive on that account. Moreovee tiew structure is much lengthier, because
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with a PRI that is by and large unchanging, theatgevolume of savings can only be
invested upstream. Thus there are two growth mesmsnat work, and the third growth
mechanism is neutral. We estimate that this is2fienost growth-friendly variation of the

time market and the production structure.

Puts Expenditure

Length of Production

Figure 24
Growth Scenario Il

Simultaneous Increase of the Supply and Demand Sat@es on the Time Market
As far asmonetaryrevenues are concerned, the general tendency ikeim to fall, again

because the growth deflation. What we have sai&denario | concerning the monetary
income of the owners of original factors of prodoictapplies in the present scenario by and
large as well. (The only difference concerns tha fhat in Scenario Il spending dropsaith
stages, except for the new stages that are besagect upstream.) One would have to expect
that wages and rents remain stable or diminisihitjyigBy contrast, the monetary income of
savers-investors will significantly increase, bessmihe PRI does not change whereas the

volume of savings strongly increases.

Realrevenues will strongly increase in the aggredabe.savers-investors this implies that
their real revenues will strongly increase. The exsrof original factors, too, will experience
a significant increase of their real incomes, foe same reasons we have spelled out in

discussing Scenario .

Monetary Revenues P Real Revenues
Growth Rank n i s 5 Sasver OF s Savers OF
2 T ! nm ! i ool il T
Table 8

Key Features of Growth Scenario Il
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The present scenario is only slightly behind thistfone in its positive implications for
growth. (We have to keep in mind that it involvesnach stronger increase of the gross
savings rate than in Scenario I.) The main diffeeebetween the first two scenarios concerns
their impact on the distribution of revenues. Scenkis more favourable for income derived
from original-factor ownership than for income ded from saving-investment — though
both types of income increase in real terms — wdsere the present scenario it is the other

way round.

Growth Scenario Il

Our third growth scenario is a variant of the fose. Like the latter, it is characterised by
an increase of the gross savings rate at a cordgamand for present goods, and by a drop of
the PRI. However, this time there occurs no lengtig of the structure of production,
because the drop of the PRI overcompensates theas® of the gross savings rate. This is the
scenario that we already discussed in the previchapter to demonstrate that the
conventional Austrian growth scenario (Scenarits Ihot the only one. Consider again our
above numerical example. Compare the initial spendiream (Table 2) with the spending

stream that we considered as a counterexampleg(#abl

159—138—120—104—90
158—154—151—148

Figure 25 gives a graphical illustration of theregponding changes on the time market

and within the production structure.

Pure Expenditure

$1

= Length of Production

Savings

Figure 25
Growth Scenario Il

Increase of the Supply of Present Goods at a ConsitaDemand Schedule
Entailing a Shortening of the Structure of Productbn
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The old structure is lengthier, and that accounit is more physically productive than the
new one. However, in the new one, spending in dwersd and third stages (as compared to
the consumer-goods stage) is relatively higher timathe first structure. In this case too,
therefore, more activity will be shifted from th@nsumer-good industries to stages of
production upstream, anoh that accountthe new structure is more physically productive
than the first one. Finally, the gross savings ratenarginally higher in the new structure,
which is therefore more physically productime that accountoo. We estimate that this is the

3“ most growth-friendly variation of the time marlketd the production structure.

The impact of this scenario on thestribution of monetary and real revenues is analogous
to the first one. Theevel of monetary revenues will tend to be higher tharScenario |
because growth is less intense and there is therkfss pressure on prices. However, because
the tendency for the economy to grow is less atedrthan in the first scenario, the level of
real revenues will also tend to be less elevatetlus summarise these key features in Table
8:

Monetary Revenues P Real Revenues
Growth Rank n i S 5 Sa;/er OF s Savers OF
3 Lol ! ! ! ! i ! T
Table 9

Key Features of Growth Scenario Ill

The most striking feature of the present scenarisi similarity to the first one. In both
case, the initial causal change is an increasbeostipply of present goods (savings) on the
time market. But depending on the demand for ptegeods (the “price-elasticity” of
demand), the repercussions on the time structupganfuction and the impact on growth are
very different. The bottom-line is that a plummgtiRRI, when resulting from an inelastic

demand for savings, does not necessarily makedoraus growth.

Growth Scenatrio IV

We have just seen that one and the same initiggehaf inter-temporal values, reflected in
an increase of savings at a constant demand fangsgwan give rise to two very different
growth scenarios. Similarly, the following growtbesario is one out of two that spring from
the same initial change, namely from an increas¢hefdemand for present goods at a

constant supply of present goods. On the time mattkie implies a new final equilibrium at a
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higher PRI and a higher gross savings rate. Thetsiie of production lengthens, but at the
same time it thins out at the higher stages, Wwighdnly exception of the new stages that are

being created upstream (Figure 26).

Buee Expenditure

Interest

D1

Gross Length of Production

Figure 26
Growth Scenario IV

Increase of the Demand for Present Goods at a Comsit Supply Schedule

The new structure becomes increasingly thinner tdwlae upstream, except for the very
highest stages, and on that accounéssphysically productive than the new one. However,
the new structure is also lengthier and on thav@ttoimore physically productive than the old
one. Last but not least, the gross savings rdigfeer in the new structure, which is therefore
more physically productive on that account too. 8&8mate that this variation of the time
market and the production structure is on a pan ®itenario 11l and falls therefore within the
3 highest growth rank. As in Scenario I, there hege two growth mechanisms at work:
the lengthening of the structure of production, #relincrease of the gross savings rate; and

as in Scenario lll, one of the growth mechanisndeigriorating.

The striking difference between the present sceramd Scenario Il is that, in the latter
case, the PRI drops, whereas here it increasesev@wwe hold that this difference has a

systematic impact, not on growth, but on distribatonly.

As far asmonetaryrevenues are concerned, the general tendencytiseim to fall because
the growth deflation. The monetary income of thenekg of original factors of production
will have a clear tendency to fall (a) because dpendrops inall stages, except for the new
stages that are being created upstream; and (Bube@ rising PRI means that the marginal
value product of the original factors will be discded more than before. By distinct contrast,

the monetary income of savers-investors will sigatftly increase, because both the PRI and
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the volume of savings strongly increase. ScenavYiotherefore implies a significant
reshuffling of the relative weight of income sowscéncome from factor ownership will

significantly decrease relative to income from agvinvestment.

Real revenues will increase in the aggregate. For sameestors this implies that their
real revenues will very strongly increase. For tleners of original factors, the situation is
more ambiguous because the increase of interest naiplies a stronger discount of their
marginal physical product, which could completelffset the expected increase of that

marginal physical product.

Monetary Revenues P Real Revenues
Growth Rank n i s > Sasver OF s Savers OF
3 7 7 7 1 i l ! i T !
Table 10

Key Features of Growth Scenario IV

The present scenario is ranked on the same leggbafth friendliness as Scenario Ill. The
essential difference between these two scenariosecos their impact on the relative weight
of income types. Scenario Il is more favourable ifccome derived from original-factor
ownership than for income derived from saving-itwesnt, whereas in the present scenario it

is the other way round.

Growth Scenario V

The third growth scenario is characterised by aadse of the supply schedule and a

simultaneous increase of the demand schedule dimtkanarket.

Expenditure

Gross Length of Production
Savings (Planned Number of Stages)
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Figure 27
Growth Scenario V

Simultaneous Increase of the Supply and Demand Sath@es on the Time Market

These changes have no systematic impact on thes ggagings rate. The PRI is
substantially higher in the new structure, whictplies a lengthening of the structure of
production. The latter therefore becomes more pghilgi productive on that account.
However, the same circumstance also exercises waarsal effect, as relative spending
diminishes toward the upstream, with the only ekoepof the new stages. In Scenario V,
only the lengthening of the structure of producti®mhere favourable for growth, whereas the
gross savings rate stays put, and the relativedapgriexcept for the new stages upstream)
deteriorates as far as the prospects for growtlc@meerned. We rank this scenario below all
other scenarios that we have so far consider®dafzk). Indeed, it has rgystemati¢cendency
to entail economic growth. It will have this conseqce only accidentally, namely, if the
advantage of the lengthening more than offsetslis@dvantage of the deteriorating relative

spending.

As far asmonetaryrevenues are concerned, the general tendency thdm to remain
stable, because of the lacking growth dynamicsgfoovth deflation) and because consumer
spending remains stable too. However, the strosg of the PRI will have a significant
impact on the relative weight of the different in@® classes. The monetary income of the
owners of original factors of production will fdlecause a rising PRI means that the marginal
value product of the original factors will be discwed more than before. By distinct contrast,
the monetary income of savers-investors will insegdecause the PRI while the volume of

savings stays put.

Realrevenues will by and large remain stable in thgregate. The real income of savers-
investors will increase. The income from originattor ownership will diminish, because the
increase of interest rates implies a stronger discof their marginal physical product, while
there is no significant increase — if any — of terginal physical product itself.

Monetary Revenues P Real Revenues
Growth Rank n i S 5 Sa;/er OF s Savers OF
4 T T ! ! i ! ! ! T !
Table 11

Key Features of Growth Scenario V
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Growth Scenario VI

The sixth scenario is the exact opposite of Scenarlt is characterised by an increase of
the supply schedule and a simultaneous decreabe diemand schedule on the time market.
Thus we can illustrate it with the above Figure @Rjch only needs to be read backwards,
with the red demand and supply schedules represgtite initial situation, and the dark

schedules representing the new final equilibrium.

As in Scenario V, the changes we are considering Imave no systematic impact on the
gross savings rate. The PRI is now substantialyetoin the new structure, implying a
shortening of the structure of production, whicardfore becomes less physically productive
on that account. However, the drop of the PRI dtswds to promote relative spending
upstream, with the exception of the stages thaipgisar. In Scenario VI, only the reshuffling
of relative spending toward the upstream (exceptHe stages that disappear) is favourable
for growth, whereas the gross savings rate staysapd the structure of production shortens.
It therefore has neystematidendency to entail economic growth. We therefanekrit in

category 4.

The impact of Scenario VI on monetary and real mees is exactly analogous to the one
of Scenario V. Thus its distributional consequenass the exact inverse of those that we
found in that former scenario. Table 12 summatisesey features of Scenario VI.

Monetary Revenues P Real Revenues

Growth Rank N i S 5 Sa;/er OF s Savers OF

4 Lol l (R T A 1
Table 12

Key Features of Growth Scenario VI

Growth Scenario VII

Scenario VIl is the exact opposite of the aboven8de IV. It is characterised by a
decrease of the demand for present goods at aacrsstpply of present goods. On the time
market, this implies a new final equilibrium atawvker PRI and a lower gross savings rate.
The structure of production shortens, but at theeséime it becomes wider in the higher
stages, with the exception of the stages that desapWe can illustrate Scenario VII with the

above Figure 26, which only needs to be read baasyavith the red demand and supply
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schedules representing the initial situation, dr@dark schedules representing the new final

equilibrium.

As the new structure becomes increasingly wideratdwthe upstream, except for the
highest stages, it is on that account more physgipabductive than the new old. However,
the new structure is also shorter and its grossngawrate is lower. Thus, Scenario VI
features only one basic mechanism promoting growthereas the other two basic
mechanisms entail the opposite tendency. It thezedeems to be barely justified to speak of
a “growth” scenario at all. However, we cannot exlel on purely theoretical grounds that the
one positive mechanism overcompensates the tworsothhis has to be determined
empirically for each individual setting. In any eashis is the least probable of all growth

scenarios that we have considered. We therefokeirama 5" category.

The impact of Scenario VIl on monetary and reakres is exactly analogous to the one
of Scenario IV. Thus its distributional consequeneee the exact inverse of those that we
found in that former scenario. Table 13 summatisesey features of Scenario VII.

Monetary Revenues P Real Revenues
Growth Rank n i S 5 Sa;/er OF s Savers OF
5 ! ! ! T ! T T ! ! !
Table 13

Key Features of Growth Scenario VII

Growth Scenario VIII

Our last scenario is the exact opposite of the alfsenario Ill. It is characterised by a
decrease of the supply of present goods at a curestdinelasticdemand schedulegsulting
in a lengthening of the structure of productiddn the time market, this implies a new final
equilibrium at a higher PRI and a lower gross sgwimate. The structure of production
lengthens, but at the same time it becomes thimire higher stages, with the exception of
the new stages. We can illustrate Scenario Vllhwiite above Figure 25, which needs to be
read backwards, with the red demand and supplydsié® representing the initial situation,
and the dark schedules representing the new faqualilerium.

Just as in the preceding case of Scenario Vllpteeent growth scenario features only one

basic mechanism promoting growth, whereas the ofiver basic mechanisms entail the
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opposite tendency. We therefore rank it in the s&fheategory in which we have classed
Scenario VII.

The impact of Scenario VIl on monetary and reakres is exactly analogous to the one
of Scenario lll. Thus its distributional consequen@re the exact inverse of those that we

found in that former scenario. Table 14 summatigesey features of Scenario VIII.

Monetary Revenues P Real Revenues
Growth Rank n i s > Sasver OF s Savers OF
5 L T i ! T ! ! !
Table 14

Key Features of Growth Scenario VIII

This completes our analysis of different growthrszeos from the point of view of the
Austrian theory of capital. We shall now turn tonsmler two complications, by dropping
previous assumptions, namely (1) the assumption tha economy operates without

consumer credit and (2) the assumption that mopetarditions remain stable.

Consumer Credit

Consumer credit transfers a part of the availalbtessysavings to consumers. Aggregate
investment spending diminishes while consumer spgndcreases. The impact of consumer
credit on the structure of production can be ilatgd with Figure 28. Notice that the
accounting identity between savings and investmentsch resulted from our previous
hypothesis, no longer exists. In our representatibthe interdependence of the structural

variables, we account for this by shifting the betdge upward.
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Figure 28
Impact of Consumer Credit on the Structural Variables
Because credit is being granted on a competitiveishahe consumer-credit-induced
demand for present goods tends corresponds tchagtgft of the demand schedule on the
time market. As a consequence, the PRI and thenehf gross savings will tend to increase.
This implies a thinning out of the structure of gwotion in the higher stages, along with a
simultaneous lengthening. However, the lengtheningght be offset or even

overcompensated by the simultaneous reductionvesiment expenditure.

Thus we see that consumer credit has certain coaseqs that are similar to our growth
Scenario IV (increase of the demand for presentdgoat a constant supply schedule).
However, the important difference is that the vadunf savings available for investment
drops. An economy with increasing consumer cregitdres one single growth mechanism —
and even this one only under the most favourabteicistances- namely, the lengthening of
the structure. By contrast, the other two basioMjnomechanisms have turned negative. In

other words, consumer credit does nothing for egoagyrowth. Quite to the contrary, it
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tends to shrink the productive potential of theresoy as a whole — just as common sense
would suggest. Its impact on monetary and realmegs is summarised in Table 15.

Monetary Revenues P Real Revenues
Growth Rank n i S 5 Sa;/er OF s Savers OF
5 T T i T i ! T ! ! !
Table 15

Key Features of the Basic Consumer-Credit Scenario

Monetary Variations

So far we have assumed that monetary conditionsairerstable throughout each
transformation of the structure of production fréme initial final equilibrium to the new one.
This assumption is of the greatest pedagogicaleyahs it allows us to disentangle the
analysis of the relations between the structurebiées from monetary considerations. But it
is also a heroic assumption that threatens to ioiei& the entire analysis, because money is
not just a neutral veil layered over the economgthBr, money is part of the real economy,
and any change in the demand for money or in theemaupply affects the distribution of

revenues and therefore also the structure of ptamuc

However, from the Austrian point of view, these mgiinduced structural do not
necessarily show up in the aggregate. In line wlgéissical economics, the Austrians hold that
variations in monetary conditions do not have aygtematicimpact on the structure of
production. A change in the demand for money wifec relative spending and relative
revenues, but there is no way to tell the implmagi of these changes for the time market and
for the structure of production. Let us illustratgech a case in Figure 29. It represents an
increase in aggregate spending, which can onlyltrésum (a) an increase of the money
supply that is not offset by a simultaneous inaeafsthe demand for money, and (b) from a

decrease of the demand for money that is not dfiget simultaneous decrease of the money

supply.’

17 Accordingly, adecreaseof aggregate spending would result from (a) a el of the money supply
that is not offset by a simultaneous decrease efddémand for money, and (b) from an increase of the
demand for money that is not offset by a simultaissocrease of the money supply. In Figure 29, whisld
correspond to a movement from the red lines tdotaek ones.

54



Consumer
Expenditure
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Figure 29

Impact of a Decreasing Demand for Money (or of anrcreasing Money Supply)
on the Structural Variables

The increase of aggregate spending is reflecteshinutward shift of the budget line. On
the time market both the demand for and the supplyresent goods (or more precisely, of
monetary capital) will increase. The main reasoth& the higher spending will sooner or
later entail a rise of all monetary revenues. thexeforepossiblefor capitalists-entrepreneurs
to pay higher factor prices and to lend more moaeyg theywill do this under competitive
pressure, in order not to lose market shares. Cotnpepressure also props up tdemand
for monetary capital, as capitalist-entrepreneumge lup to benefit from the increase of
aggregate spending. It follows that the time mavkiltsettle at a new final equilibrium with

a greater volume of monetary capital being exchdnge

However, there is no reason to expect any systenmagiact on the gross savingge, and
neither is there any reason to expect any systenrapact of these changes on the PRI.
Therefore, the key structural variables remain fecééd. The structure of production operates

as before (as far as itsne structure is concerned), featuring the same welapending and
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the same length as before. The only difference faonaggregate point of view is the higher
price level, and the corresponding higher levahohetary revenues. Aggregate real revenues
remain unaffected, and there is also no impacterrelative weight of the different income

sources.

Conclusion

In the present contribution, we have reassessedaheept of the structure of production
by focussing on the relations between its threagctiral variables: the interest rate, relative
spending, and the length of the structure of probdnc Based on this reconsideration, we
have studied basic growth mechanisms in a monetsgomy that can be applied to various
scenarios that seem to be relevant under the cpotany conditions of the world economy.
We have also discussed the role of human capithbaconsumer credit within the theory of
the structure of production.

The main result of our study is that the Austrippraach has been unduly restrictive in its
focus on one single scenario of modifications @ structure of production. We have shown
that the Austrian method of studying the impacttloé time market on the structure of
production yields a rich matrix of theorems. Thas& tools can be used in applied work to

develop a nuanced analysis of contemporary macnoeasiz problems.
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Appendix |: Additional Simulations of the PRI and Roundaboutnes

Numbe Interes Gross Gross Con-
AS  rof t rate saving saving sump- Spending Stream

stages S rate S tion
610 6 0.012 0.85 519 91 9189—88—87—86—85—84
613 7 0.05 0.85 522 91 9186—82—78—74—71—67—64
611 8 0.08 0.85 520 91 9184—78—72—66—61—57—53—49
611 9 0.1 0.85 520 91 9182—75—68—62—56—51—46—42—38
611 10 0.115 0.85 520 91 9481—73—65—58—52—47—42—38—34—30
612 11 0125 085 521 91 91—80—71—63—56—52;44—39—35—31—28—
612 12 0135 085 501 91 91—80—70—62—54—48—42—37—33—29—25—

22—19
Table 16

Numerical Simulation of Key Structure of Production Data
at a Constant Gross Savings Rate of 85%

Number Interest Gross Gross Con-

AS of savings ; mp- Spending Stream
rate savings .
stages rate tion
611 1 0.15 0.46 284 327 327284
611 2 0.79 0.46 284 327 327182—102
611 3 1.00 0.46 284 327 327163—81—40
612 4 1.08 0.46 284 327 324157—75—36—17
611 5 111 0.46 284 327 327154—73—34—16—7
610 6 1.13 0.46 284 327 327153—72—33—15—7—3
610 7 1.35 0.46 284 327 324153—71—33—15—7—3—1
Table 17

Numerical Simulation of Key Structure of Production Data
at a Constant Gross Savings Rate of 46%
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Appendix II: Derivation of Equation 2

The starting point is Equation 1:

AS=C+C(1+i)+C(1+1)2+C(1+i)3+...4+C(1+i)n-1

Here AS stands for aggregate spending, C for agtgegpnsumer spending, i for the pure rate of éster
and n for the number of stages of production.

Spending can be either on consumers’ goods (corttamyr on producers’ goods (saving-investment).

Thus we can write

AS=C+S

Given that the gross savings rate=iSAS , it follows thatAS=C+s-AS respectivelyC=AS(1-s).

If we substitute AS (1-s) for C in the above Equatl, we obtain

AS=AS(1-5)+AS(1-5)(1+i)+AS(1-5) (1+i)2+AS(1-5) (1+i)3+...+AS(1-s) (1+i)n-1

Eliminating AS, we obtain

1=(1-5)+(1-8) (1+i) +(1-5) (1+1) 2+ (1-s) (1+1) 3+ ..+ (1-s) (1 +i)n-1
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which illustrates the contention, central to claeakieconomics and Austrian economics, that the time
structure of production does not depend onl¢hel of spending, but rather aBlative spending on consumers’

goods as compared to producers’ goods, that if)yegross savings rate.

Since the above equation is a geometric row, we at#ain a shorthand expression through the usual
transformations. That is, as an intermediary Btep, we divide the equation by (li)tand obtain the following

new equation

1(141)=(1-5) (1+i)+ (1-8) (1+1)2+(1-5) (1+i)3+...4(1-s) (1+D)n

Subtracting the two equations from one anothembtain

1-1(1+i)=1-s-(1-8) (1+i) +(1-8) (1+1)-(1-) (1+i)2+(1-5) (1+1)2 ..-(1-s) (1+D)n

Thus

1-1(1+i)=1-s-(1-s)(1+i)n

Which gives

-1(1+i)=-s-1(1+i)n+s(1+i)n

And then

1(1+i)n-1(1+i)=-s-(1-11+in)

We can then solve the equation for s:
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s=1(1+i)-1(1+i)n (1-11+in)

So that

s=(1+i)n-1(1+i)n-1(1+i)n (1-11+in)

and

s=1(1+i)n-(1+in-1-1)(1-11+in)

Which is nothing but:

s=1+in-1-1(1+i)n-(1-11+in)

And thus we obtain Equation 2;

s=1+in-1-1(1+i)n-1

QED
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