
IREF Working Paper 
No. 2026-WP03
July 2026

The Technical and
Economic Nature of a
Lengthened Production
Structure

David Howden
Saint Louis University
Madrid Campus, Spain



1 
 

The Technical and Economic Nature of a Lengthened Production Structure1 

David Howden 

Saint Louis University–-Madrid Campus 

Avenida del Valle 34 

Madrid, 28003 

Spain 

david.howden@slu.edu 

 

Abstract: Canonical Austrian business cycle theory holds that a lower rate of interest lengthens 

the structure of production. Fillieule (2007) derives the opposite conclusion: the average period 

of production rises with the rate of interest. I argue in this article that the apparent conflict 

dissolves once two distinct meanings of lengthening are differentiated. Lengthening in the 

technical sense is an increase in the temporal duration of production. Lengthening in the 

economic sense is an increase in capital intensity. The two definitions are often treated as one. 

Once they are separated, Fillieule's positive result describes a technical co-movement among 

economic aggregates rather than a revision of the time-preference theory of interest. This article 

generalizes the comparative statics of the average period, supplying a complete set of partial 

derivatives and a cross-partial result: the sensitivity of length to the rate of interest is itself 

increasing with investment. This provides the amplification mechanism of the business cycle that 

canonical accounts of the bust presuppose but do not derive. This model relates and resolves four 

active debates in capital theory: the reswitching controversy, the duration-based rehabilitation of 

the average period, the interest-dependence critique of Rapka (2024), and the Lachmannian 

heterogeneity critique. 
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The Technical and Economic Nature of a Lengthened Production Structure 

 

1. Introduction 

Canonical Austrian business cycle theory begins with a fall in the rate of interest. Entrepreneurs 

respond by investing in stages further from final output. Consumers draw down the subsistence 

fund while producers extend the structure toward the higher orders of production. An inverse 

relationship between the rate of interest and the temporal length of the structure of production is 

central to this account (Hayek [1935] 2008, Lecture II; Mises [1949] 1998, 479–80; Garrison 

2001, 61–67). 

Fillieule (2007) unsettles this canonical account. Within his proportional goods-in-

process model the temporal length of the structure rises with the rate of interest. Two 

interpretations of this paradoxical result have appeared. Hülsmann (2010) takes the positive 

relationship as a substantive correction to the existing theory. In this account, the time-preference 

story has the sign wrong: higher interest rates draw labor and capital away from the upper stages 

of production rather than the lower ones. A second, narrower reading of the Fillieule paradox is 

also available. Under this reading the positive relationship reflects a confusion between two 

meanings of lengthening. This article develops and extends this narrower reading. In doing so it 

builds from Howden (2016) and Machaj (2015), who question whether temporal length is the 

right dimension in the first place. The conclusion defended here is that Fillieule's result is correct 

as a statement about a technical aggregate and silent as a statement about the economic content 

of the boom. 
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The distinction between the two definitions of capital structure lengthening has a long-

standing history. Lengthening can mean an increase in the temporal duration of the production 

process. Lengthening can also mean an increase in capital relative to labor at one or more stages. 

Hawtrey (1937, 36–37) christened this phenomenon capital deepening as against capital 

widening, and Hayek, following Wicksell, described it as the growth of capital in its "height" 

rather than its "breadth" (O'Driscoll 1977, 52–53; Hayek 1941, 270). These are different 

propositions, yet they are conflated throughout the Austrian literature on the production structure. 

The conflation is the source of the apparent paradox. 

The case for analyzing separately the two lengthening definitions predates any formal 

model. Böhm-Bawerk distinguished roundaboutness as an economic phenomenon, the use of 

intermediate products, from the technical measurement of roundaboutness by the average period 

of production (Buechner 1989, 501). He chose to measure roundaboutness in units of time, and 

the choice invited an identification of temporal length with capital intensity that his theory did 

not require. He resisted the identification himself when reviewers pressed him on it (Böhm-

Bawerk [1921] 1959, 2n11). The standard reading associated with Mises ([1949] 1998, 479–80, 

493), Hayek ([1935] 2008, Lecture II), and Rothbard ([1962] 2004, 47–52) treats temporal length 

as the natural expression of roundaboutness and treats this as originating in Böhm-Bawerk. The 

aim of this article is to show that the two meanings of “lengthening” come apart in concrete 

cases, and that Fillieule's formal model–-and the average period λ it defines–-measures only the 

temporal sense of length, not the capital-intensity sense. This article formalizes the distinction, 

generalizes the comparative statics of the temporal length, and draws out an amplification result 

that the literature has assumed without deriving. Within the proportional-structure model, the 

results are conditional. The positive co-movement of temporal length and the rate of interest, and 



4 
 

the amplification mechanism built upon it, hold under the model's maintained assumptions. They 

need not survive under more general specifications. 

 

2. The Length of the Period of Production 

The structure of production can be described by three variables: aggregate expenditure on 

consumer goods C, the originary rate of interest i, and the ratio of originary-factor payments to 

investment at each stage a. The structure is an infinite series of one-year stages. The 

proportionality assumption is Hayek's own: "the amount of input which is applied to the stock of 

intermediate products in each stage will bear a constant proportion to the amount of those 

intermediate products," so that the stock of intermediate products forms a geometric series with 

common ratio (1 + i + a) (Hayek 1941, 124; quoted in Fillieule 2007, 195). Aggregate 

investment I is the sum of payments for capital goods and for the originary factors across all 

stages. Fillieule (2007, 200) derives 

 

I = C / (i + a)  (1) 

 

Equation (1) accords with the standard Austrian depiction of the production process. 

Investment and the rate of interest move in opposite directions; investment and the originary-

factor ratio a also move in opposite directions. The second relationship has not been drawn out 

before, though it is intuitive: a relative shift of spending toward capital goods lowers a and raises 

I. Equation (1) also implies that the rate of interest moves with the consumption-investment ratio 
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C/I. Higher consumption relative to investment raises the rate of interest, conforming to a 

doctrine that both Austrian and mainstream economists share. That higher investment lowers the 

rate of interest looks backward at first; it is restored to its conventional form once one recalls that 

saving drives investment, implying that greater saving lowers the rate of interest and raises 

investment together. 

Troublingly, the positive relationship between consumption and investment in equation 

(1) appears to conflict with standard Austrian macroeconomics. Hayek ([1929] 2008, 199–210) 

argued that a drop in consumption spending is offset by a rise in investment spending. Garrison 

(2001, 61–67) likewise frames the choice as one between consumption and investment, using the 

production possibilities frontier to make the trade-off explicit. While Garrison's PPF depicts the 

trade-off in terms of goods, the present discussion defines output in terms of expenditure. The 

trade-off reading is correct when investment is taken narrowly as outlays on capital goods. The 

treatment here is broader. Investment is the present value of all payments to originary factors and 

capital goods across every stage. With this definition the positive co-movement of consumer-

good and aggregate investment expenditures follows at once: the larger volume of consumer-

good spending could not be sustained without the larger volume of intermediate investment 

spending that sustains it. Holding the interest rate fixed, an increase in consumption spending 

requires an increase in investment spending by the geometry of the structure. This joint increase 

presupposes either an increase in the money supply or a rise in its velocity; the nominal quantity 

of money or its velocity is the independent variable that permits both C and I to rise 

simultaneously.2 

 
2 The point mirrors Reisman (Reisman [1990] 1998, 640, 719–26), where the rate of profit and interest equals the 

ratio of aggregate profit––net consumption plus net investment––to productive expenditure, and where a rise in the 
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Algebraic rearrangement yields the average length of the structure, measured in years, 

 

λ = (1 + i) / (i + a)  (2) 

 

Equation (1) gives i + a = C/I. Substitution produces the more compact form 

 

λ = I(1 + i) / C  (3) 

 

Two of the relationships in equation (3) are standard. The temporal length of the 

production structure λ: 1) rises with aggregate investment I, and 2) falls with consumption C. The 

third relationship is the source of the difficulty: the rate of interest i raises production length λ. 

This third point warrants discussion. The danger lies in interpreting a change in the rate of 

interest without asking why the rate of interest changed. Equation (3) implies that a fall in i, with 

I and C held fixed, shortens λ. But no economic process holds I and C fixed while i moves. A fall 

in i driven by increased saving raises I and lowers C at the same time, and the net effect on λ is 

then positive. The rate of interest is not an independent variable. Interest is an outcome of the 

 
capital–to–net–output ratio is the formal expression of capital intensification. Fillieule (2007, 201–203) notes the 

same correspondence with Reisman's identity that aggregate profit equals net consumption plus net investment. 
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interaction of time preference, saving, and investment. Treating it as exogenous yields an answer 

that is correct in arithmetic yet devoid of economics.3 

Fillieule (2007, 202) attributes the positive interest-rate result to the "unrealistic case" in 

which the rate of interest decreases "without any change in the ratio (I/C)." He establishes the 

point with his own arithmetic: at a ratio I/C of 2, which he draws from Skousen's (1990, 188–91) 

figures for the United States, a one-percent fall in C together with a one-percent rise in I more 

than offsets a forty-percent fall in the rate of interest, so that the structure lengthens (Fillieule 

2007, 202).4 The case Fillieule labels unrealistic is the one in which the rate of interest moves 

while the investment-consumption ratio is artificially held fixed. The realistic case, driven by a 

change in time preference, moves all three magnitudes together and lengthens the structure, 

exactly as the canonical account illustrates. 

The concern about the relationship between production length and the interest rate is 

therefore well taken, and it reinforces the present article's conclusions. The positive relationship 

is nonetheless robust to static analysis, in the sense that the comparative statics are determinate 

once the other arguments are held fixed. The relationship between the interest rate and 

production length carries genuine information, though this information is about the technical 

character of the production process rather than its economic logic. 

 

 
3 By analogy, consider a ten–mile commute that takes fifteen minutes at forty miles per hour. If traffic slows to 

twenty miles per hour, the journey time doubles to thirty minutes, but the distance does not change; commuting 

distance is determined independently of speed. The causal ordering of the economic variables is not altered by the 

definitional relationship among them. 
4 More recent empirical work (e.g., Young 2012) on the United States time structure of production is broadly 

consistent with this ratio. 
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3. The Economic Meaning of Roundaboutness 

The formal framework of section 2 captures the technical (temporal) dimension of the production 

structure. It does not capture the economic dimension. That the distinction between the two is 

substantive rather than verbal is shown by a single fact: two structures with the same average 

period λ can differ in their capital composition, their internal complementarity, and hence their 

response to an interest-rate shock. The remainder of this section establishes that fact and traces 

its consequences. Length defined in stages and years is not the economically relevant feature of 

production. Mises ([1949] 1998, 489) put the matter plainly: capital goods are valued only with 

regard to their usefulness for future want-satisfaction. Valuation is forward-looking, so a 

backward-looking measure informs pure theory with nothing of value. Mises’s criticism warns 

against any use of the average period of production as an economic explanatory variable. It does 

not warn against its use as a technical descriptor of co-movements among observable aggregates. 

The deeper concern here is the relation between Böhm-Bawerk's conception of 

roundaboutness and its formal expression. Buechner (1989, 501–2) shows that Böhm-Bawerk 

distinguished roundaboutness as an economic phenomenon–-the use of intermediate products–-

from the technical measurement of that phenomenon by the average period. Measuring 

roundaboutness in units of time was inconsistent with conceiving it as the use of produced means 

of production. The conflation propagated through the literature as an artifact of the measurement 

imposed on the concept.5 Böhm-Bawerk held that more roundabout methods would normally be 

 
5 Several reviewers of Capital and Interest objected to the presumption that temporal length and roundaboutness 

move together. Böhm–Bawerk devoted an extended footnote to denying that he had ever advanced that conclusion 

([1921] 1959, 2n11; see also 84, esp. n8). Böhm–Bawerk himself opted for an average period precisely because 

indirect work done centuries earlier would "scarcely influence the average, and may in most cases be simply 

neglected" (quoted in Skousen 1990, 145). 
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more time-consuming, though he conceded that exceptional cases occur in which a roundabout 

method is both better and quicker ([1889] 1891, 82). The situation is therefore not that the 

Austrian tradition uniformly treated temporal length as equivalent to capital intensity. The claim 

that Böhm-Bawerk himself resisted equating the two interpretations, however, must be stated 

with care. In Positive Theory, Book I, Chapter II, his examples of productive roundaboutness–-

the progression from hand-gathering to tools to infrastructure in collecting water–-are couched 

entirely in terms of how long the process takes. Buechner (1989, 502) concludes that his 

treatment was inconsistent: he often wrote as if more roundaboutness were simply more time. 

The footnote in Further Essays (Böhm-Bawerk [1921] 1959, 2n11) concedes only that 

inventions can raise output without lengthening the process; it does not separate capital intensity 

from temporal length when technology is held fixed. The distinction drawn in the present article 

is therefore better understood as a correction of Böhm-Bawerk than as a recovery of a position he 

already held. Fetter (1977, 124–26) and Lachmann ([1956] 2005, 81–85) recognized the problem 

independently and from outside Böhm-Bawerk's framework: Fetter denied any logical relation 

between the average period and the productiveness of capital, and Lachmann argued that Böhm-

Bawerk's attempt to reduce the heterogeneous capital structure to a single temporal dimension 

was fundamentally misconceived. 

Böhm-Bawerk introduced the concept of roundaboutness to explain how capitalistic 

production yields more or more highly valued consumer goods. New investment in more 

roundabout methods is as likely to occur near consumption as far from it. There is no systematic 

relationship between the temporal length of the structure and its degree of roundaboutness 

(Hayek 1941, 73–74). New investment could take the form of more labor hired close to final 

output. New investment could also take the form of capital deployed at a higher stage. The only 
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general statement available is that investment will flow to whatever stage and form yields the 

greatest discounted marginal value product. As Rothbard ([1962] 2004, 543) illustrates, Crusoe 

invests in a second net and catches more fish, yet the temporal period of production does not 

change. 

Strigl ([1934] 2000) warns against confusing the duration of production with the length 

of the roundabout method. The modernization of an automobile factory may cut the duration of 

producing a car from three months to a few days because machines are more extensively 

introduced; the shortening of duration is accompanied by an additional use of previous labor. The 

roundabout method has lengthened (in the capital sense) even as the temporal duration has 

shrunk (Strigl [1934] 2000, 7–8). Alternatively, a farmer confronts a production process of set 

length by the ripening of the plants. The application of chemical fertilizer uses previous labor to 

increase the yield. In this example too, capital roundaboutness increases while the calendar 

duration is unchanged (Strigl [1934] 2000, 8). Duration of production and length of the 

roundabout method are analytically separable; they can move together or in opposite directions. 

Buechner (1989, 502) conceives of roundaboutness as the total period of production with a 

dimension of dollar-years rather than years alone.6 

Strigl's examples establish the distinction at the level of a single production process. Its 

extension to the aggregated structure, where λ is a scalar defined over all stages, is a 

generalization rather than an immediate corollary. Strigl's cases show that duration and 

 
6 Garrison concedes the same point from within the triangle framework. "While the vertical and horizontal 

dimensions of the triangle are intended to represent value and time separately, the relevant time dimension is not 

measured in pure time units. Instead, the time dimension measures the extent to which valuable resources are tied up 

over time"; "two dollars worth of resources tied up in the production process for three years amounts to six dollar–

years" (Garrison 2001, 47). 
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roundaboutness can move apart in a single process. Hayek (1941, 73–74) shows the same holds 

for the structure taken as a whole, so that no fixed relationship between the two can be assumed 

at either the level of the individual process or the level of the aggregate. Fetter (1977, 124–26) 

denies any logical relation between the average period of production and the productiveness of 

capital since the arithmetical average period is a derived figure. The productiveness of capital is 

what gives rise to the period of production – to explain the second by the first inverts the 

causality. 

Hülsmann (2008, 22) separates the length of the overall structure of production from its 

width. An overall lengthening cannot lengthen every project at once, since savings are limited. 

Some projects must be cut so that others can be extended. The structure then becomes on average 

slimmer, though longer. The average period can also shorten even when aggregate saving does 

not fall. This arises as savings are reallocated from the early stages of some projects into new 

projects of shorter length. The structure then becomes on average wider and shorter. The length 

and width distinction is not analogous to the technical and economic distinction developed here. 

Hülsmann separates two geometric dimensions of the structure, whereas my present argument 

separates a temporal dimension from a measure of capital intensity. Hülsmann (2008) is 

important for the present work since it converges on the same conclusion: The temporal length of 

the structure of production carries no fixed implication for the volume of saving or for the degree 

of capital intensity. 

The economist should therefore attend to what factor produces more or better consumer 

goods rather than to temporal length of production. An addition to the capital stock is the only 

method of more capitalistic production that raises productivity. The addition can take two forms: 

it can raise the ratio of capital to consumer-good output, or it can produce more durable capital. 
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This view is consistent with Reisman's ([1990] 1998, 640) treatment of net investment as the 

driver of capital intensity. 

Lachmann's ([1956] 2005) analysis of the capital structure reinforces the position. Capital 

goods are heterogeneous elements standing in relations of complementarity and substitutability. 

The heterogeneity that matters is not physical but heterogeneity in use, because each capital good 

can be used only for a limited number of purposes–-what Lachmann called the multiple 

specificity of capital goods (Lachmann [1956] 2005, 2). Complementarity is of the essence of 

capital use. Heterogeneous resources do not combine in arbitrary fashion. The entrepreneur’s 

task is to find the most productive combination (Lachmann [1956] 2005, 3). Complementarity 

and substitutability are properties of states of the world, so the same capital good can be a 

complement under one plan and a substitute under another (Lewin 1999, 130–46).7 A scalar such 

as λ abstracts from these relations. It can track the average duration of production but it cannot 

track the specific capital combinations that determine whether production succeeds. 

Consider two structures with identical λ. In the first, the capital goods at each stage are 

highly complementary, so that a disruption at any point halts production; in the second, they are 

largely substitutable, so that a disruption can be absorbed by redeployment. The two structures 

differ profoundly in their exposure to interest-rate disturbances, yet the scalar λ records no 

difference. 

Roundaboutness, then, matters to economic theory only as a placeholder. It marks how a 

production process can be changed to raise productivity (Howden 2016, 354). Böhm-Bawerk 

 
7 Bohorquez (forthcoming) builds these Lachmannian categories into a formal model of capital specificity under 

institutional risk, a line that the present framework complements rather than displaces. 
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introduced the term in the context of roundabout methods as the origin of growth; his 

Produktionsumwege became roundaboutness in William Smart's translation (Böhm-Bawerk 

[1889] 1891). Production of consumer goods can proceed by expending labor directly or 

indirectly; the indirect method does not dispense with labor but expends it on an intermediate 

product that, combined with suitable materials, will later satisfy the want (Böhm-Bawerk [1921] 

1959, 10). Böhm-Bawerk ([1889] 1891, 92) was clear that capital has a symptomatic importance: 

its presence signals a profitable roundabout production process, but is not its cause. 

Roundaboutness is fundamentally about capital intensity rather than about time. Time 

matters only because capital accumulation is a historical process. The term describes how 

production can be changed to yield a greater quantity or quality of consumer goods. Adding 

stages or stretching duration does not by itself raise productivity. In fact, only two methods 

increase productivity: 1) produce capital goods in excess of depreciation, or 2) produce more 

durable capital goods (Howden 2016, 354-55). Capital intensity depends only on the rate of 

depreciation of the existing stock and the production of new capital goods. Lowering the first has 

the same effect as raising the second. 

The "human capital" objection holds that more productive labor or new technology could 

achieve the goal without further capital. The objection only defers the problem to a later stage. 

Labor raises its productivity only with the aid of capital; a claim that labor is more productive 

implies that capital per worker has risen. Education and training themselves require capital 

goods–-classrooms, books, and equipment. Technology cannot exist apart from labor and capital 

goods. An increase in technology is either an increase in human capital (itself reliant on physical 
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capital) or a deepening of the capital stock. All paths to greater roundaboutness distill down to 

building more capital or making existing capital last longer.8 

Several observable methods proxy more roundabout production. The first four intensify 

the capital stock; the last two raise its durability.9 The methods are these. First, substituting a 

more capital-intensive process for a shorter labor-intensive one. Second, shifting production 

toward existing goods that embody a more capital-intensive process. Third, producing new goods 

in a capital-intensive way without altering the production plans of existing goods. Fourth, 

expanding production of existing goods across all industries without retrenching the more 

capital-intensive ones, so that the stock deepens in aggregate even as marginal additions weight 

toward labor-intensive goods. Fifth, substituting more durable capital for less durable capital 

when adding to the stock. Sixth, shifting to processes that impose less depreciation on a capital 

good. Each of these methods will usually increase the temporal length of the process, because 

capital goods embody not only originary factors but also time stored up (Mises [1949] 1998, 

492). 

 
8 In his review of Böhm–Bawerk's Positive Theory of Capital, White (1892, 144) observed that technological 

improvement can raise productivity while reducing both the capital and the time commitment. Similarly, Fillieule 

(2017) shows, within a Hayekian model of intertemporal choice, that the implementation of a better technique raises 

the productivity of the existing factors without any additional saving. The constraint on production must always be 

the availability of capital; there is always an unused level of technology, and new investment will always require 

existing capital to be redeployed or new capital to be constructed (Rothbard [1962] 2004, 540–41). My claim here is 

not that productivity gains always require fresh saving in the same period. It is that the gains are realized through 

capital, whether already accumulated or newly built, rather than apart from it. 

9 The first four methods draw on Howden (2016, 354–55). The two durability–focused methods are developed here. 

They formalize a process Böhm–Bawerk ([1921] 1959, 89–94) had already described, in which more durable 

consumer goods allow a greater amount of newly produced consumer goods to be directed to new want–satisfaction 

rather than to maintaining existing satisfactions. Consumer–good durability is therefore not a seventh method of 

capital intensification but an indirect channel: by reducing the share of current output needed to maintain the 

existing flow of want–satisfaction, it releases output for the capital–forming methods listed above. It operates on the 

resource constraint rather than on the capital stock directly, which is why it is kept distinct from the six methods in 

the main text. 
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Discussions of lengthening must therefore not presume a fixed relationship between 

capital intensity and temporal length. The conflation of the two is widespread. It appears 

explicitly in Mises ([1912] 1971, 360; [1949] 1998, 556), Strigl ([1934] 2000, 4), Rothbard 

([1962] 2004, 423; [1963] 2000, 315), Reisman ([1990] 1998, 640), Fillieule (2007, 203), and 

Hülsmann (2010). It appears indirectly in Garrison (2001, 82) and Huerta de Soto (2006, 280).  

That several of these authors appear in both camps warrants comment. Strigl ([1934] 

2000, 7–8), as noted above, warns against confusing the duration of production with the length of 

the roundabout method, yet elsewhere treats the two as interchangeable (Strigl [1934] 2000, 4). 

Mises ([1949] 1998, 489) criticizes backward-looking measures of capital and insists that 

valuation is forward-looking, yet in his discussion of credit expansion treats a lengthened 

structure as synonymous with greater roundaboutness ([1949] 1998, 556). The pattern suggests 

that the distinction between the two meanings was grasped at the level of principle but lost at the 

level of application–-perhaps because the correlation between temporal length and capital 

intensity, though imperfect, was strong enough in the cases these authors had in mind that the 

distinction seemed immaterial. It becomes material precisely when a formal model isolates the 

temporal dimension and shows it moving in the direction opposite to what the economic intuition 

would predict. The conflation is harmless when temporal lengthening is read as a frequent by-

product of capital deepening. It becomes a substantive error when temporal lengthening is 

offered as the economic cause of the boom rather than as one of its symptoms. 

 

4. The Technical Meaning of the Period of Production 
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The formal treatment of section 2 cannot account for roundaboutness. Output in the model is 

consumer goods alone; without a mix of output between consumer goods and capital goods, 

there is no way to assess how roundabout the structure is. The model refines an approach that 

runs back to Hayek ([1935] 2008, 229n43), in which durable capital production is absent. Its 

contribution lies in describing the technical character of the structure. 

The relationships among consumer-good output, aggregate investment, the rate of 

interest, and the originary-factor ratio illuminate technical processes within the structure. By 

technical I mean consequences of human action that can be measured or described without 

explaining why people acted as they did. These outcomes interest the economist because they 

supply inputs for subsequent economic processes. While Mises called the average period of 

production an "empty concept," on the ground that capital goods are valued only for their 

usefulness in future want-satisfaction and not for the time already spent on them (Mises [1949] 

1998, 486), my position here is narrower. The average period is empty as an economic 

explanation of value and interest. It remains informative as a technical description of how the 

aggregates relate to each other. 

There is a Hayekian framework that makes the separation of the technical from the 

economic dimension precise at the level of pure theory. In The Pure Theory of Capital Hayek 

(1941, 108–10) decomposes the value of output maturing at any date into two curves: an output 

curve giving the time distribution of the output that results from a unit of input applied at a single 

point in time, and an input curve giving, at each date, the value of the input whose product 

matures. The horizontal distance between the two curves at any point is the interest accrued on 

the value of the input over its investment period. The output curve is, in Hayek's words, "one of 

the most fundamental magnitudes" for describing the capitalistic process. The output curve is a 
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purely technical description of the time distribution of output, and the wedge between the two 

curves–-which widens as the investment period lengthens–-is the value-theoretic, interest-

determined quantity laid over it (Hayek 1941, 108–10).10 The diagram thus shows, within 

Hayek's own pure theory, that the temporal description of the structure and the value-and-interest 

content laid over it are distinct objects. The proportional-goods-in-process model is the discrete, 

aggregated counterpart of this construction. 

Return to equation (3). The relationship between investment and length is direct, and the 

standard result about consumption is its corollary: aggregate consumer-good expenditure relates 

negatively to production length. 

The relationship through the originary-factor ratio a in equation (2) is more involved. At 

its limits a can be zero, when no investment goes to originary factors, or one, when all of it does. 

The rate of interest i can only be positive,11 and the resulting length is at least one year with no 

upper bound. An inverse relationship between a and λ holds: a fall in originary-factor 

expenditure relative to total investment lengthens the structure. This result is intuitive. Capital 

expenditures are more time-consuming than payments to labor or land. Every input factor must 

be prepared before it enters production. As originary factors, land and labor need only be readied 

for the specific process. Capital as a produced means of production must first be constructed and 

then placed within the broader structure. 

 
10 Hayek's construction anticipates the modern duration framework. The widening wedge between the input and 

output curves at longer investment periods is precisely the source of the greater present–value sensitivity of long–

duration projects that Lewin and Cachanosky (2018) illustrate as Macaulay's D. 

11 Recent history provides cases of negative nominal interest rates. Their implications for the technical character of 

the structure lie beyond the scope of this article. The originary rate of interest can only be positive. 
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The positive relationship between the rate of interest and temporal length is intuitive once 

the lengthening is read as purely technical. Consider equation (2): for a given length, a fall in the 

rate of interest must be offset by a rise in a.12 A larger share of investment then goes to originary 

factors and a smaller share to capital. The rise in land and labor expenditure shortens the 

structure, because these are shorter-duration investments than capital. The outcome is consistent 

with Machlup (1932, 280–84): changes in the rate of interest bear more heavily on working 

capital than on fixed capital, most of whose cost is already sunk, and working capital is mostly 

payments to land and labor. Cwik (2008, 65–67) reaches the same conclusion from a corporate-

finance angle–-the duration of an investment project governs its sensitivity to interest-rate 

changes, and longer-duration projects show greater present-value sensitivity to rate movements. 

The positive direction of the technical relationship matches Bostaph's (2003, 21) verbal 

description, reached from yet another angle. When the rate of interest rises, the structure 

becomes less roundabout, and resources move from producer goods toward consumer goods; 

when the rate falls, the structure deepens. In the proportional-structure model this relationship 

follows directly from the definition of λ rather than from any separate economic premise. Hayek 

(1941, 76–77) added that the relevant magnitudes can move in opposite directions: the 

investment periods of particular units of input can rise even when the length of the process in a 

given industry is unchanged. The scalar λ aggregates over both kinds of movement. Wicksell 

([1906] 1978, 184) observed that the average investment period itself depends on the rate of 

interest when factors are invested in a single durable good. The present model formalizes the 

relationship within the proportional-structure case for the broader capital structure. 

 
12 Rearranging equation (2) for a yields [1 + i(1 − λ)]λ⁻¹. Holding λ constant, and knowing it must exceed one, any 

fall in i must be offset by a rise in a. 
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A corollary deserves attention. Garrison's (2001) use of the Hayekian triangle (see also 

Hülsmann 2010, who examines the Garrisonian triangle framework from a complementary 

angle) draws the structure as a right triangle whose base is the temporal length of production and 

whose hypotenuse is the flow of value added across stages. A lower rate of interest lengthens the 

base. The analysis above shows that a lower rate of interest can shorten the temporal base while 

deepening the capital structure. Because the triangle uses a single base to stand for both, it 

conflates the two meanings of lengthening. The conflation does not invalidate the broader 

analysis. The triangle remains a useful device for showing the tug-of-war between consumption 

and investment. It should not be read as implying that temporal extension is the channel through 

which a lower rate of interest raises capital intensity. The economic content of the boom is 

logically separable from the technical question of whether the average period has risen or fallen. 

 

5. The Sensitivity of the Period of Production 

The elasticities of the temporal length have been discussed in the literature but not generalized. 

The generalization is instructive for understanding the technical determinants of the duration of 

investment projects. 

The most direct sensitivities measure how λ responds to the rate of interest i, consumer-

good expenditure C, and aggregate investment I. The relevant derivatives are 

 

∂λ/∂i = I / C  (4a) 
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∂λ/∂C = −I(1 + i) / C2  (4b) 

 

∂λ/∂I = (1 + i) / C  (4c) 

 

Since I, C, and i are all positive, (4a) and (4c) are strictly positive and (4b) is negative. 

The signs accord with standard intuition. Equation (4a) shows that the larger the ratio of 

investment to consumer-good expenditure, the more sensitive the length is to a change in the rate 

of interest. Economies with high investment-to-consumption ratios have deep capital structures, 

and deep structures contain long-duration projects whose present values move sharply with the 

rate of interest. The corollary is equation (4b): a rise in consumption shortens the structure, and 

the higher the level of consumption, the smaller the marginal effect of a further change. Equation 

(4c) shows that an increase in aggregate investment strictly lengthens the structure; further 

investment can only raise total production time when the structure is taken as a whole.13 

 

5.1 The Amplification Mechanism 

The cross-partial derivative merits separate attention. It is 

 

∂2λ/∂i ∂I = 1 / C > 0  (5) 

 
13 The sign of ∂λ/∂I is unambiguously positive under the maintained assumptions: additional investment increases 

total production time when the structure is taken as a whole. The result does not preclude specific processes from 

being shortened by targeted investment. 
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The sensitivity of λ to the rate of interest is itself increasing in the level of aggregate 

investment. Economies with deeper capital structures are more sensitive to interest-rate 

movements. The result is consistent with Machlup's (1932) analysis of liquidity and the term 

structure of investment. 

The result carries an implication for the disequilibrium dynamics of the cycle. This cross-

partial is the central analytical contribution of the present article: it supplies the foundation that 

the canonical account of the bust has always asserted but never derived. Garrison's (2001, 68–72) 

narrative holds that the deeper the credit-induced structure, the more violent its eventual 

collapse. This claim has always rested on the diagrammatic intuition of the Hayekian triangle 

rather than on any derived magnitude. Equation (5) provides that magnitude. Because the 

interest-sensitivity of length, ∂λ/∂i = I/C, is itself strictly increasing with aggregate investment, 

the severity of the adjustment is not merely assumed but follows as a comparative-static fact. A 

structure that has been driven deeper by credit expansion is, by construction, one whose length 

responds more sharply to any subsequent correction in the interest rate. 

The amplification of the bust is thus shown to be a property of the capital structure rather 

than a stipulation of the theorist. An economy in the late stages of a credit-fueled boom has, by 

construction, an elevated I/C ratio, so the sensitivity coefficient ∂λ/∂i = I/C is large. A small 

upward correction in the rate of interest then produces a disproportionately large contraction in 

the temporal length of the structure. The amplification helps explain the abruptness and severity 

of the bust. 
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A numerical comparison illustrates the magnitude. Consider an economy in which I/C 

equals 0.5; the sensitivity coefficient ∂λ/∂i equals 0.5, so a 100-basis-point rise in the rate of 

interest lengthens the average period by half a year. Now consider an economy deep in a credit 

expansion, where I/C equals 2.0; the same 100-basis-point correction moves the average period 

by two full years. The bust-phase contraction is four times as severe in absolute terms. The 

deeper the structure when the correction begins, the more violent the adjustment.14 

A clarification is in order. The contraction described here is a contraction of λ. It is not a 

contraction of output, employment, or welfare. The scalar λ tracks the average temporal duration 

of the structure under the maintained assumptions of the model. It does not measure capital 

intensity, and it does not measure productive capacity. The amplification mechanism therefore 

describes the temporal silhouette of the bust rather than its full welfare content. The welfare 

content depends on project abandonment, on the redeployment cost of specific capital, and on the 

breakdown of capital complementarity that Lachmann ([1956] 2005) and Lewin (1999, 130–46) 

emphasize. None of these enters λ. The amplification of the λ contraction is a necessary 

component of any complete explanation of why busts in capital-intensive economies are more 

severe than busts in less capital-intensive ones, but it is not, by itself, sufficient to account for 

that greater severity. The technical-economic distinction applies fully at this point: the 

 
14 The chosen values bracket the empirical range. Young's (2012, 78–85) reconstruction of the United States time 

structure of production over 2002–2009 implies a ratio of business expenditure on intermediate and capital goods to 

final consumption that rose through the expansion and fell sharply in the contraction. The gross–output accounts 

now published by the Bureau of Economic Analysis place total gross output at roughly 1.7 times final–demand 

consumption in recent years. A lower–bound case of I/C near 0.5 and a credit–expansion peak near 2.0 therefore 

span the magnitudes the data suggest, so the fourfold difference in sensitivity is of practical and not merely 

illustrative interest. 
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contraction of λ is a technical co-movement, and its economic interpretation requires knowledge 

that the formal model does not provide. 

The amplification result converges with results derived along three other paths. These 

convergences are more than analogies. The aggregate cross-partial in equation (5) is the 

proportional-structure counterpart of the modified-duration property of an individual asset. 

Lewin and Cachanosky (2018, 91–93) show that the average period (correctly understood as 

Hicks's average period (Hicks [1939] 1947, 186)), is the discount-factor elasticity of capital, 

identical to Macaulay's duration D. They also show that modified duration, the semi-elasticity of 

present value with respect to the interest rate, satisfies MD = D / (1 + r) (Lewin and Cachanosky 

2018, 91, eq. 6). The sensitivity coefficient derived here, ∂λ/∂i = I/C, is the aggregate analogue: it 

measures how far the average temporal length of the whole structure moves when the rate 

moves, exactly as modified duration measures how far the present value of a single asset moves. 

The second path to the amplification result is the present-value decomposition in Sechrest 

(2006, 28–29): as the central bank expands money and credit, the discount rate falls and net 

present values rise. The forecasted cash flows themselves rise because output prices usually rise 

faster than input prices in an inflationary setting, and longer-term projects show the larger 

percentage increases. The third is the corporate-finance framework of Cwik (2008, 62–65), in 

which a fall in the rate of interest from 5 to 4 percent raises the present value of a project 

yielding a constant annual return by 1.0 percent for a one-year project, by 2.8 percent for a five-

year project, and by 9.1 percent for a twenty-year project. The duration analysis in Kruk (2020, 

138–46) completes the picture: her comparison of a short-duration wooden bridge (duration 2.0 

years) with a long-duration steel bridge (duration 6.2 years) shows that a rise in the discount rate 

from 5.5 to 7.0 percent cuts the net present value of the wooden bridge by roughly 11 percent 
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and that of the steel bridge by roughly 69 percent–-a ratio close to the ratio of their durations. 

These four routes converge in the sense that each yields the same qualitative result by an 

independent method: longer-duration investment is more sensitive to the rate of interest, and that 

sensitivity itself grows with the capital intensity of the structure. 

The results accord with common intuitions about the relationship between the relevant 

variables and the length of the process. Difficulty arises only when increased production time is 

defined as roundaboutness. 

 

6. Six Objections Considered 

Six objections to this analysis are apparent. Each deserves a direct response. 

The first is the reswitching problem. Granot (2019) builds a generic model that treats 

Fillieule's infinite-stage specification and Hülsmann's finite-stage specification as special cases. 

Within this model, with the consumption-to-investment ratio fixed, the average period rises with 

the rate of interest up to a critical value and then falls. As a consequence, reswitching is the 

model's typical behavior rather than an exception (Granot 2019, 520–25). Indeed Granot (2019, 

510) frames the whole dispute in these terms: "when the ratio between consumption and 

investment (C/I) is fixed, then the recent Austrian prediction holds, but when the latter [a] is 

fixed, then the older Austrian prediction is valid." Inspection of Granot's derivation suggests that 

the (1 + i) prefactor in Fillieule's expression traces to the interest weighting of the terminal stage 

in the geometric series. Removing that weighting collapses the expression to λ = I/C, with no 

dependence on i. This reinforces the broader point: the positive interest-rate result in Fillieule's 

specification is sensitive to the treatment of the last stage and need not survive alternative 
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aggregations. Fratini (2019) raises a related concern–-if reswitching occurs, the method with the 

longer average period may yield the smallest net output per worker. Fratini measures 

roundaboutness in the duration sense–-the value-weighted average period of the technique–-

rather than the capital-intensity sense. He shows that under reswitching the technique with the 

longer average period need not be the one chosen at the lower rate of interest. (This 

disassociation between temporal length and economic capital deepening is consistent with the 

conclusions drawn herein.) Garrison (2006) reaches a compatible assessment of reswitching from 

within the Hayekian triangle, concluding that the phenomenon poses no fundamental challenge 

to Austrian capital theory. 

None of these results overturns the present analysis, and three considerations limit their 

force. First, the positive relationship between i and λ is derived within the proportional-structure 

model specified by Fillieule (2007). It holds under the model's maintained assumptions, and 

Granot's result shows those assumptions to be restrictive without showing them to be false. The 

value of the proportional-structure model lies in its tractability and in the intuitions it yields 

about technical co-movements, and its limits are acknowledged here. Second, the broader 

reswitching literature originating in Garegnani (1970) and Samuelson (1966) targets the 

legitimacy of capital aggregation in a neoclassical production function and the implied theory of 

distribution–-the three "parables" that a one-commodity model sustains and a heterogeneous-

capital model does not (Cohen and Harcourt 2003, 201–3). The scalar λ is not offered as a 

measure of capital intensity, so the controversy touches the present framework only as a 

reminder not to derive capital intensity from λ. Third, the canonical reswitching demonstration is 

itself contested. Milana (2022) argues that Samuelson's (1966) champagne example is flawed 

because one of its two techniques is not a feasible production technique since it uses more than 
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the available quantity of one input. If this argument holds, the textbook proof of reswitching is 

weaker than is generally supposed.15 

The second objection is the Lewin-Cachanosky duration approach. Lewin and 

Cachanosky (2018) propose Macaulay duration as an operational measure of the average period. 

Their rehabilitation of the concept with financial tools is complementary to the analysis here, and 

the relationship is now exact rather than analogical: the sensitivity coefficient ∂λ/∂i = I/C is the 

proportional-structure counterpart of modified duration, MD = D / (1 + r). Both measures reflect 

the weighted-average time over which cash flows are received. Cachanosky and Lewin (2014, 

656–60) develop the same analogy in the language of economic value added, and Kruk (2020) 

operationalizes the duration concept for capital budgeting and arrives at conclusions that are 

consistent with the amplification result contained herein. The framework provides an empirically 

tractable operationalization of the sensitivity results derived above. It also exposes a limit: 

duration captures sensitivity to interest rate changes but not the structural information of 

complementarity, substitutability, and specificity that Lachmann ([1956] 2005) and Lewin (1999) 

identified as essential. The scalar λ shares this limitation. 

The third objection is the restrictiveness of the model's assumptions. Constant a, infinite 

stages, constant MV, and output in consumer goods alone are strong assumptions. They exclude 

durable capital production, variable labor intensity across stages, and monetary disequilibrium. 

The question is whether the exclusions render the model uninformative or merely limited. I offer 

 
15 I take no position on whether Milana's (2022) refutation succeeds. I only note here that the empirical and logical 

status of reswitching is more contested than the secondary literature usually acknowledges. Rosser (2018) shows 

that empirical examples of reswitching are rare. Han and Schefold's (2006) examination of input–output tables for 

nine OECD economies found one reswitching case among 496 technique envelopes, though about 11 percent 

showed capital reversal. Capital reversal, not reswitching, seems to be the empirically likely phenomenon, and even 

then it is a minority case. 
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to the reader the latter interpretation. Every formal model in capital theory operates under 

comparable restrictions. Hayek's (1941) treatment of the pure theory of capital assumes away 

monetary complications. Garrison's (2001) use of the Hayekian triangle assumes uniform value 

added across stages. Fillieule's (2007) model belongs to the same tradition. A model’s virtue is 

analytical transparency, and its conclusions are conditional on its premises. The conditionality 

does not make such conclusions false. 

The fourth objection is Machaj's intertemporal labor intensity. Machaj (2015; 2017) 

relaxes the assumption that a is constant across stages. Allowing the ratio to vary introduces an 

independent determinant of length, since the stage-specific placement of labor enters the 

determination, and the positive relationship between i and λ may not hold when labor is 

concentrated at early stages. The qualification is legitimate, and the present article addresses it by 

confining its claims to the proportional-structure case. Granot (2019, 513–14) raises a difficulty 

for Machaj's framing: in Hülsmann's model intertemporal labor intensity is high and in Fillieule's 

it is low, yet both yield a positive correlation between length and the rate of interest. As a result, 

knowing intertemporal labor intensity is not sufficient to determine whether length rises or falls 

with the rate. In any case, if intertemporal labor intensity is read as the average period of labor 

investment, it is nearly identical to the average period of production and cannot serve as an 

independent explanatory variable. Howden (2016, 348–52) argues, against Machaj, that the 

labor-allocation question must be subordinated to the more fundamental question of why capital 

intensity is changing, since capitalists do not rearrange labor across the structure unless 

productivity rises or costs fall, and either result depends on a change in capital per worker.16 The 

 
16 Hayek held the term "period of production" to be "unfortunate," since what matters is not the time elapsing 

between the application of the original factors and the completion of the product but "the time for which capital is 

invested, i.e., the 'period of investment'" (Hayek 1936, 496 and 496n16). He was correspondingly "critical of any 
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position taken here accepts Machaj's point on the formal framework and accepts Howden's point 

on the order of causal explanation. 

The fifth objection is the Lachmann heterogeneity critique. The scalar aggregation 

inherent in the average period suppresses the structural information that matters for business 

cycle analysis. Two structures with identical λ may differ radically in their exposure to interest-

rate disturbances, and that exposure depends on the complementarity and substitutability of the 

component capital goods. The critique is relevant and correct. The present article does not claim 

that λ is a sufficient statistic for the capital structure. It claims only that λ captures one dimension 

of that structure, its average temporal duration, and that the sensitivity results of section 5 apply 

to this dimension alone. They say nothing about the composition, specificity, or internal 

coordination of the stock. A complete theory of the cycle requires attention to all of these, and 

the present analysis contributes to only one of them. The Lachmannian point also yields a 

positive contribution: the complementarity of capital combinations is itself plan-contingent, so 

that plans formed under a distorted rate of interest generate combinations whose 

complementarity fails once the rate corrects. The temporal gradualness of the readjustment–-as 

earlier stages must wait for complementary specific inputs that preceding stages have yet to 

produce–-is itself a source of the cycle's dynamics (Bilo 2017). The scalar λ offers no insight on 

the phenomenon; the amplification result captures only its temporal expression. (Lewin (1999, 

130–46) develops the relevant implications in depth.) Moving from the technical λ-contraction to 

 
approach to understanding the lengthening of the structure of production by means of looking at shifts in labor 

instead of capital" (Howden 2016, 350, citing Hayek 1936, 496n16), holding that a shift in labor could be explained 

only after a capital investment had raised the marginal product of labor. Machaj's reallocations, in which the labor–

to–capital ratio is constant across his examples, leave unexplained why the rearrangement should occur (Howden 

2016, 350–51). 
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a full economic account of the bust requires at least two additional structural elements. The first 

is a measure of capital specificity. Bohorquez (forthcoming) shows that the sensitivity of a 

project's capital value to disruption is the product of the severity of the disruption, the specificity 

of the capital employed, and the duration of the project, and that these terms interact 

multiplicatively. The cross-partial derived here captures only the duration channel; the specificity 

channel requires information about the alternative uses of each capital good that λ does not 

encode. The second element is a theory of how complementarity breaks down during the 

readjustment. Bilo (2017) argues that plans formed under a distorted interest rate generate capital 

combinations whose complementarity is contingent on the continuation of that rate; when the 

rate corrects, the complementarity fails. A complete amplification mechanism would combine the 

temporal sensitivity derived here with the specificity-duration interaction of Bohorquez and the 

plan-contingent complementarity breakdown of Bilo. 

The sixth objection is the most recent and the most direct. Rapka (2024) contends that the 

average period of production is pointless because it cannot be made independent of the rate of 

interest. Böhm-Bawerk's original intention, Rapka observes, was that the average period should 

be independent of the rate of interest and should indicate how long, on average, a unit of input is 

tied up in production. Since the rate of interest affects how fast the value of intermediate goods 

grows in each period, any value-weighted average period is contaminated by the very rate it is 

meant to help explain (Rapka 2024). The objection is well aimed at any program that treats the 

average period as an interest-free measure of economic roundaboutness. It does not touch the 

conclusions of the present article. The technical-economic distinction concedes Rapka's premise 

and uses it to its advantage: λ is not, and is not here offered as, an interest-independent measure 

of capital intensity. Its dependence on the rate of interest is not a defect to be engineered away 
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but the very content of the comparative statics in sections 4 and 5. After all, a measure whose 

whole interest lies in how it co-moves with i is not embarrassed by the discovery that it co-

moves with i. Rapka's critique is fatal to the average period as a structural economic variable and 

harmless to it as a technical descriptor–-which is exactly the line this article draws.17 

 

7. Discussion and Extensions 

This article's results matter not for their economic implications as such but because they aid the 

economist in understanding the technical nature of the production process. Three extensions 

deserve attention. 

The first concerns the term structure of interest rates. Austrian economists have treated 

the term structure in admittedly simple ways. Rothbard ([1962] 2004, 445–50) argues that the 

term structure is flat in equilibrium. Bagus and Howden (2010) relax the static assumption to 

examine the determinants of the yield curve, emphasizing the preference of borrowers to match 

the duration of their loans to the maturity of their investments, resulting in a generally upward-

sloping curve. A rigorous treatment must attend to the relative demand for and supply of savings 

at different maturities. The average period λ offers a way to proxy the average maturity 

demanded by investors: it reflects the average period over which inputs are employed before 

consumer goods emerge, and so provides a lower-bound estimate of the maturity of investment 

 
17 Rapka (2024) directs the critique specifically against Lewin and Cachanosky's rehabilitation, on the ground that 

their duration measure, being value–weighted, inherits the interest–dependence they sought to escape. Whether the 

duration program can answer the charge on its own terms is a separate question; Lewin and Cachanosky (2018, 91) 

are explicit that D is the discount–factor elasticity of capital value, which arguably embraces rather than evades 

interest–dependence. The present model sidesteps the dispute by declining to treat λ as economically explanatory in 

the first place. 
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demand. A higher λ implies that entrepreneurs require longer-term financing, the demand curve 

for longer-maturity loans shifts rightward other things equal, and the yield curve steepens. A 

qualification is necessary. λ is an average consistent with many distributions of maturities, so a 

high λ could arise from many moderately long projects or from a few very long projects mixed 

with many short ones. The average alone does not determine the distributional effect on the 

curve. Since ∂λ/∂i = I/C, the average maturity demanded is itself a function of the rate of interest, 

and a feedback loop results: a fall in the rate of interest lengthens the average investment 

horizon, the lengthening raises demand for long-term financing, and the rise in turn alters the 

slope of the yield curve. The interaction between λ and the term structure deserves sustained 

attention. 

The second extension concerns Böhm-Bawerk's claim that there is no systematic 

relationship between temporal length and roundaboutness (Böhm-Bawerk [1889] 1891, 82). He 

supported it with a reductio: investment using iron produced by Romans rather than by a recent 

process would by definition lengthen the temporal period. Mises ([1933] 2003, 166; [1949] 1998, 

267) criticized the backward-looking view, since only the recent past concerns actors who aim to 

relieve future unease. Böhm-Bawerk's general point retains merit from a technical standpoint: the 

total period must include the periods of all component inputs, so an input sourced more remotely 

must raise the period beyond what a recently sourced input would yield. (The effect is negligible 

in discounted terms but cannot be eliminated entirely.) The proportional-structure model 

confirms the point. It defines λ over the discounted stream, so the contribution of remote inputs is 

present but small. This is also the resolution of the apparent tension with Lewin and 

Cachanosky's observation that tracing production back to the first stirred finger would be 

"impossible and misleading in the modern world with its vast array of inherited capital goods" 
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(Lewin and Cachanosky 2018, 84): discounting, not historical tracing, is what makes the average 

period well defined. 

The third extension concerns disequilibrium dynamics. When new combinations of 

consumption, investment, and the originary rate permeate the structure, the originary rate ceases 

to be uniform across stages (Fillieule 2007, 203). In equilibrium the rate must be uniform; in 

disequilibrium investment flows to where the rate is highest, which opens the possibility of 

relaxing the assumption that a is constant across stages. Fillieule's (2007, 203–4) own analysis of 

stage-specific originary rates shows that each stage rate decomposes into the initial rate of 

interest plus a transitional rate of pure profit or loss. The transition to a more roundabout 

structure makes the early stages–-those furthest from final consumption–-the more profitable, the 

stage-specific rate rising monotonically with distance from consumption (Fillieule 2007, 204, 

table 2), so that convertible factors are reallocated toward the early stages as those stages become 

relatively more profitable. Hülsmann's (1998) theory of error cycles supplies a complementary 

perspective. The cluster of entrepreneurial errors that marks the cycle is shaped by the varying 

originary rates across stages, and the stages where the rate diverges most from equilibrium attract 

the greatest malinvestment. The formal framework grounds Hülsmann's insight that errors are 

not randomly distributed but systematically clustered. In fact, there are two other axes along 

which errors can cluster (Hülsmann 2008, 24-26): 1) entrepreneurs misjudge the rate of interest 

while reading the volume of saving correctly, and 2) entrepreneurs read the rate correctly while 

misjudging the volume of savings. The first error distorts the temporal shape of the structure. The 

second wastes the available saving on too many or too few projects of a given length. The 

technical and economic distinction maps onto these two error axes. The contraction of the 

average period captures the first error, since it is a movement in the temporal dimension of the 
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structure. The second error operates on the volume and composition of investment and leaves no 

mark on the scalar studied here. A complete account of the bust must track both. The present 

model speaks only to the first, while more traditional accounts of the business cycle analyze the 

second. 

 

8. Conclusion 

The article has distinguished the technical from the economic significance of lengthening the 

structure of production. The technical significance concerns the temporal length of production 

time. This is implicitly important to the cycle theory, since any theory of unsustainable 

investment must specify the horizon within which the resource constraint becomes binding. The 

temporal dimension also connects several otherwise isolated discussions: waiting time, the 

period of provision (Mises [1949] 1998, 493–503), and the term structure of interest rates all rely 

on it. The average period furnishes a formal tool for joining them. 

The sensitivity analysis is this article’s central original contribution. The partial 

derivatives show that economies with deeper capital structures respond more strongly to interest-

rate movements, and the cross-partial confirms that the sensitivity itself rises with the level of 

aggregate investment. The numerical illustration makes the implication concrete: an economy at 

the peak of a credit expansion suffers a bust-phase contraction several times more severe than a 

less capital-intensive economy facing the same correction. The results provide formal support for 

the amplification mechanism that canonical accounts of the bust have presupposed without 

deriving. The convergence with Sechrest's present-value method, Cwik's corporate-finance 
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reasoning, Kruk's duration analysis, and the modified-duration approach of Lewin and 

Cachanosky shows the amplification result to be robust across distinct analytical paths. 

Engagement with the reswitching literature shows that the positive relationship between i 

and λ is domain-specific rather than universal. It holds within the proportional-structure model 

and need not hold under more general structural assumptions. The limit reinforces the article's 

core distinction: temporal length is a technical descriptor, not an economic measure of capital 

intensity. The Lewin-Cachanosky duration approach bridges the formal framework and 

empirically tractable measures of interest-rate sensitivity. Rapka's interest-dependence critique, 

fatal to the average period as a structural variable, is harmless to it as a technical descriptor. 

Lachmann’s heterogeneity critique limits how much can be inferred from the scalar λ without 

disqualifying its use as a technical aggregate. 

Technical and economic considerations complement each other, but the dependence is 

asymmetric. Understanding the economic is essential to using the technical; the reverse does not 

hold. Undue attention to the technical side of economic problems has been a recurring hazard. 

Economic understanding determines the origin and the causal determinants of a variable, and 

with that understanding in hand, technical considerations can be pursued in a way that deepens 

our grasp of economic processes. The argument here is that the average period has been 

imperfectly understood because the technical and economic dimensions of length were conflated. 

Once the two views on dimension are separated, the framework yields clear results: it shows how 

the aggregates move together, and how sharply they respond when the rate of interest is 

disturbed. The results are not the last word on the economic nature of the cycle. They are a 

contribution to the technical foundations on which any economic account must rest. 
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Appendix: Derivation of the λ Length Function and Its Comparative Statics 

This appendix derives the λ length function of section 2 from the proportional goods-in-process 

structure, establishes the collapse of the length expression to λ = I/C when the terminal interest 

weighting is removed, and records the full comparative statics underlying equations (4a)–(5). 

Notation follows the main text: C is aggregate expenditure on consumer goods, i the originary 

rate of interest, a the ratio of originary-factor payments to investment at each stage, and I 

aggregate investment. 

 

A.1 The Geometric Structure and Aggregate Investment 

Under Hayek's proportionality assumption, the input applied to the stock of intermediate 

products at each stage bears a constant proportion to that stock, so the value of intermediate 

products forms a geometric series in which each stage is obtained from the one preceding it by 

the common factor (1 + i + a) (Hayek 1941, 124; Fillieule 2007, 195). Index stages by n = 0, 1, 

2, ..., with n = 0 the stage adjacent to final consumption. Let the value of intermediate products S 

entering stage n be 

 

Sₙ = C (1 + i + a)ⁿ. (A1) 

 

Aggregate investment I is the total value tied up in the structure at a point in time: the 

sum of the value of intermediate products held at every stage, together with the originary-factor 
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