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Abstract Survey data are used to investigate the very long spending lags estimated in neo-

classical studies of investment expenditures. Neoclassical investment theory has trouble ex-

plaining the length of these lags. By recognizing the Austrian concept of the capital structure

and applying it to the problem, the present paper explains the length of these lags as proceed-

ing from interactions between types of capital. Austrian arguments stemming from Austrian

business-cycle theory seem to be needed to explain these lags.
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1. Introduction

Austrian economists long have held that there is more to the business cycle than that which

meets the Neoclassical eye. Neoclassical macroeconomists believe that an understanding

of the aggregate economy is best achieved by assuming one type of capital good (or, very

occasionally, two types of capital goods) when studying the cycle. More detail about the

interrelationships within or between these aggregates is, in the main, considered a distrac-

tion by mainstream theorists. By contrast, Austrian macroeconomists emphasize the capital

stock’s heterogeneity (its “capital structure”). They see relationships between different types
of capital goods—particularly complementary relationships—as having important cyclical

effects.1
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1 So, if a monetary expansion pushes down long-term interest rates, Austrian macro-theory holds that in-
vestment decisions are distorted away from short-term investments and towards the long-term investments
cheapened most by the lower rates. The resulting boom is artificial, since market signals no longer accu-
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This paper presents empirical evidence that the heterogeneity of capital-goods matters

crucially to macroeconomics.2 Such evidence indirectly supports Austrian business-cycle

theory by strengthening the case for one of its key building blocks—a building block rejected

by mainstream macro-theory. Here, focus is on the “persistence” of investment expenditures:

the long drawn-out response over time by investment spending to changes in its determinants.

Neoclassical theory seeks to explain the somewhat mysterious length of the investment-

spending “distributed lag” through time-to-build, and/or backlogging of projects, and/or

delays in forming accurate expectations, and/or other mechanisms that work within the

homogeneous capital-good paradigm. In contrast, this paper will argue that the observed

persistence of investment expenditures makes little sense unless interpreted explicitly in an

Austrian manner that recognizes the significance of heterogeneous capital-goods and the

complementary relationships between them.

To make this argument, extensive U.S. Commerce Department survey data are utilized that

capture the pace at which nonresidential buildings are constructed and completed over time.

Such survey data then are compared against recent, reputable econometric studies which are

relatively unrestrictive in the way they generate a “fit” with the data, and which, therefore,

can be considered reasonably good summaries of the length and shape of the investment-

spending distributed lag. The survey data are then manipulated in ways suggested by the

neoclassical theory of investment expenditures.

Suppose that the neoclassical theory is true and complete and that the econometric studies

of the lag are accurate. Then, if the right combination of these theories is used to manipulate

the survey data, then the resulting pattern ought to match well with the lag estimated by

the econometric studies. If on the other hand the theory is seriously incomplete, then the

match should be poor. Now suppose that a poor match generated by neoclassical theory

can be transformed into a close match simply by adding in an intertemporal complementary

relationship between different types of capital-goods. Such a finding would offer support to

one of the central contentions of Austrian business-cycle theory: that relationships among

capital-goods matter crucially to macroeconomics, and that the homogenous capital assump-

tion characterizing so much of mainstream macro-theory should be abandoned (or at least

seriously reexamined).

Sections 2 and 3 examine in detail the econometric studies and the survey data that form

the backbone of this study. Sections 4 through 7 attempt to find a match between the two

using successively more intricate neoclassical frameworks. Sections 8 and 9 bring in Austrian

mechanisms. Section 10 concludes.

rately reflect intertemporal consumer preferences. It eventually triggers a bust due, in part, to shortages of
small capital goods that complement the large, long-lived capital-projects constructed in the boom. Crucial
distinctions between types of capital-goods drive this story. Key references include Mises 1966 [1949]; Hayek
1932, 1975a [1933], 1975b [1937]; Lachmann (1977 [1940]), (1977 [1947]), and, more recently, Garrison
(2001).
2 This paper is not first to present such evidence. Starting with the seminal work of Wainhouse (1984a,
1984b), Austrians have uncovered a substantial body of empirical evidence in support of the Austrian theory
of the business cycle. Hughes (1997) identifies different activity patterns for “higher stage” vs. “lower stage”
industries in the wake of the aggressively expansionary monetary policy of the early-to-mid 1980s. Using time-
series methods, Keeler (2001a, 2001b) finds that faster monetary growth is correlated with a steeper yield curve,
which in turn is “correlated with a rise in the capacity utilization in primary processing industries relative
to that in advanced processing industries” (Keeler 2001a, 346). Mulligan (2002) uses cointegration analysis
to examine sectoral employment patterns over the business cycle, finding strong sectoral effects consistent
with the predictions of the theory. Callahan and Garrison (2003) examine the recent dot-com boom and bust
episode in the U.S. from the perspective of consistency with Austrian Business Cycle Theory, emphasizing
sectoral effects in their interpretation of events. The present paper adds to this growing body of literature.

Springer



Rev Austrian Econ (2006) 19: 17–45 19

2. The neoclassical theory of investment spending

The most influential empirical work on investment expenditures to date is based on the

pioneering studies of Dale Jorgenson and his successors (Jorgenson 1963, 1965, 1967, 1971;

Jorgenson and Stephenson 1967; Bischoff 1971). In the present paper, empirical results

of others that have been obtained using Jorgenson’s approach and its variants are used as

benchmarks. Accordingly, a thorough review of it is useful.

Empirical studies of investment spending typically consist of, [a] a theory of the determi-

nation of the desired capital stock (K∗),3 and [b] a procedure for implementing the theory

empirically by expressing current investment as a function of current and past values of the

desired capital stock. Prior to Jorgenson’s contribution, the standard empirical investment

model was the [fixed] accelerator model, in which the firm’s desired capital stock was assumed

to be a fixed function solely of the current level of economic activity (typically represented by

output). The fixed-accelerator approach was not based on the standard optimization paradigm

of the orthodox theory of the firm. Using dynamic optimization methods, Jorgenson devel-

oped a flexible accelerator model which was so based, in which the relationship between the

capital-goods demand and output varied with the cost of capital. Jorgenson’s expression for

the typical firm’s optimal capital stock level (K ∗)is

K t
∗ = γ pt Yt

ct

where GAMMA is a parameter, pt is the price of output, Yt is output in real terms, and

ct, the cost of capital, includes interest rates, depreciation allowances, corporate tax rates,

and investment tax credits (see Bernanke et al. 1988, 321 for details of the expression

for ct).

As often is the case in empirical macroeconomics, reasonable people can differ about the

adequacy of the model’s assumptions. For example, when Jorgenson’s K∗ measure is placed

into the empirical implementation of the model, a framework is created whereby “investors’

views of the future are grounded in their previous experience” (Kopcke 1993, 10). But how
should past experience be translated in the model into expectations of future events? Direct

observation of such anticipations is not possible: In their empirical implementation, therefore,

“models of investment spending use [present and past] realized sales and costs as surrogates

for the unobserved expectations” (ibid.). In recent years, this feature of the model has been

criticized for not being derived in a manner explicitly based on “rational”-expectations rea-

soning. Questions such as whether firms perceive a just-implemented investment tax credit,

a sudden surge in demand, or a change in interest rates to be temporary or permanent are

unaddressed by the model’s expectations assumptions. So is the question of whether firms

might anticipate future changes in policy based on current information and change behavior

based on that anticipation.

Clearly, these are significant issues, and an empirical model should, ideally, incor-

porate them into its framework. However, in empirical work—and especially in applied

macroeconomics—one must beware lest the best be the enemy of the good. As Kopcke

(1985a, 23) points out, if the processes generating variables like expected future prices,

expected future interest rates, and expected future tax rates are not well-understood, then

3 “K∗” is the first of a number of symbols and acronyms utilized in this paper. For convenience of the reader,
an appendix at the end of the paper summarizes them.
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incorporating them into an empirical model by imposing a restrictive structure on that model

can reduce, not increase, a model’s ability to accurately capture the behavior of investment

expenditures.4 For example, it is difficult to argue that firms would be particularly good at

anticipating future tax changes over much of the period studied here. A reading of Kopcke’s

(1985b) thorough review of the many corporate tax changes from 1954 to 1984 suggests

that many [most?] tax changes in the period would have been difficult to anticipate even by

“rational” firms.5 Under these circumstances one would expect businesses to treat most tax

changes as fairly transitory, and to be skeptical of forecasts of future policies. If tax policy is

quite difficult to forecast accurately, then the question of “rationality” of forecasting method

is less significant. A similar argument might be made for firms’ ability to accurately forecast

future long-term interest rates.6

Jorgenson’s careful attention to the theory of the firm’s desired capital-stock contrasts

sharply with the atheoretical way in which he modeled how changes in K∗ at one point in

time would translate into future investment expenditures. Jorgenson could have treated the

speed of investment’s response as an additional decision variable. Instead (and understand-

ably), he chose not to impose theory on a time-intensive process that, then as now, was not

well-understood.7 In his model’s empirical implementation, Jorgenson essentially regressed

current and past values of his measure of capital-goods demand against current investment

4 One reason why is that “rational” expectations models consistently assume away the vital (but mathematically
daunting) question of optimal information collection on the part of rational agents operating in a world
characterized not just by uncertainty but also by non-trivial costs of acquiring and processing information.
Austrian economists have been especially cognizant of such problems (cf. Garrison 2001, Ch. 2). There also
are well-known modeling tradeoffs: No “rational” expectations model of the investment process has yet been
constructed that matches Jorgenson’s model merely in incorporating separately all of the different types of
taxes facing the business firm in the real world—a major advantage offered by Jorgenson-type models in
carrying out empirical work.
5 Between 1954 and 1984, Kopcke (1985b) reports passage of eleven separate major new tax bills plus two
suspensions of key components of tax bills already in force (about one event every two-and-a-quarter years).
Most involved changes in two or more of the separate tax “levers” affecting the cost of capital to business,
making it difficult for business to anticipate the “mix” of tax changes that would be adopted the Federal
government. In at least five cases, tax changes that seemed bound to happen judging by Administration
rhetoric were delayed or not implemented. In addition, writing just prior to the Tax Reform Act of 1986,
Kopcke (op. cit., 19) summarizes five quite different tax-reform proposals that were then receiving wide
attention, arguably leaving business at sea as to what form the new Act would take. The empirical significance
of “rational” expectations forecasting seems less in such a “noisy” tax-policy environment.
6 The lessons of the 1970s, where simple “adaptive” expectations formulations of inflationary expectations
were found to be wanting, should be applied to the Jorgenson framework with caution. The “adaptive”
expectations framework seeks to forecast future inflation purely on the basis of past values of inflation, leaving
out many important factors likely to be known by forecasters and used to improve on adaptive forecasts. By
contrast, Jorgenson’s framework includes current and past values of most of the crucial variables likely to
affect a firm’s investment decision. This is quite a bit more sophisticated than “adaptive” expectations. Many
of the factors necessary to form a “rational” presentation are present in the Jorgenson framework, albeit in
unstructured form.
7 In his review of econometric studies of investment, Jorgenson stated that “the most important current prob-
lem is the integration of the time structure of the investment process into the representation of technology”
(Jorgenson 1971, 1142). The problem has yet (2006) to be resolved (it is hoped that the present paper is a
step towards a resolution). Oliner et al. (1995) compare the empirical performance of Jorgenson’s approach
with other, more recent “Euler equation” models that present a unified theory of capital-goods demand and
the time structure of investment spending in an explicit “rational” expectations framework. Oliner et al. find
that Jorgenson-type models outperform empirically the newer, more theoretically ambitious, models. The
Jorgenson/Bischoff approach also performs well when compared against older popular models (Accelerator,
Tobin’s “Q”) that also do not model the time structure theoretically (e.g., Bernanke et al. 1988; see also Naylor
1985).
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spending.8 His empirical model of the investment-spending process is

It = α +
N∑

i=0

βs�

(
pY
c

)
t−s

+ ut

where ALPHA and BETA are parameters, DELTA is the “change in” operator, and ut is a

random error term. Investment spending is predicted to depend on current and past values of

the desired capital stock (K∗) in a fashion constrained only by the form and components of

K∗ (and any additional restrictions imposed for technical econometric reasons as described

in Note 8). Jorgenson’s model and its offshoots give great leeway for the data itself to

“select” the length and shape of the “investment-spending lag” (or “distributed lag”)—terms

denoting the drawn-out, hump-shaped way in which investment spending responds over time,

in econometric studies, to changes in the desired capital stock. In these models, the underlying

forces that are the cause of the lag (the “structure of the underlying model”) is left open.9

Accordingly, Jorgenson’s modeling strategy can be thought of as a kind of semi-reduced-

form approach, in which the key determinants of investment spending over time are assumed

known, but where the exact theoretical details creating the dynamic response are not specified.

A popular offshoot of Jorgenson’s “neoclassical” model of investment spending is

Bischoff”s (1971) “modified neoclassical” model (for the equation see Bernanke et al. 1988;

the “modified neoclassical” regression equation does not have an intuitive interpretation and

so is not presented here). Noting that Jorgenson’s K* expression is an amalgam of output,

interest-rate, and tax effects, Bischoff developed a model with two distributed lags: one

capturing the effect on investment of changes in output, the other capturing the effect on

investment of changes in the tax and interest-rate “policy variables” taken together.10 The

model accordingly “permit[s] the firm to respond differently to a change in output than to a

change in interest rates, taxes, or prices” (Kopcke 1985a, 22). Still, in the estimation process

8 This simplifies a bit. In fact, Jorgenson and many of his followers estimated the lag subject to “Koyck,”
“Almon,” or “rational distributed lag” restrictions requiring the lag to take a hump-shaped form and be in a
certain range of length. Also, sometimes the restriction was arbitrarily imposed that contemporaneous and
“recent” K∗ values did not affect investment spending (e.g., Jorgenson and Stephenson 1967). These strategies
were adopted as one way to lower the number of parameters needing to be estimated so as to prevent problems
arising with degrees of freedom. Unfortunately, they also helped researchers impose their subjective “priors”
on the data. They account in part for the very lengthy investment spending lags sometimes estimated by earlier
studies. In more recent years the “priors” issue as well as technical questions concerning the Koyck/Almon
approach have led to a cessation of studies using this procedure. Instead, equations are estimated by truncating
the lag after a certain point—an alternative approach to addressing the degrees of freedom issue that is likely
to import fewer biases of researchers into the econometric modeling.
9 The lag might be due to “time-to-build” effects, or to backlogging and resulting queues of projects, or
delaying strategies to handle investment’s “irreversibility” (cf. Hubbard 1994), or “Austrian” theories involving
complex interactions between different capital goods, or some combination of some or all of the above and,
perhaps, still other causes. The lag also might be picking up expectational effects, where past values of K* have
provided [information-constrained, “boundedly” rational] firms with information that increases their optimism
about future profit opportunities. (These need not conflict with orthodox views of “rational” expectations. For
example, a firm might require a sequence of favorable past K∗ values before responding with plans for increased
investment—a just-revealed K∗ value might interact with past K∗ values in a way that, statistically, would
show up in the Jorgenson model as a statistically significant lagged K∗ value.)
10 The modified-neoclassical model also differs from the Jorgenson model in that Jorgenson’s model is a
“putty-putty” model, where it is implicitly assumed that the firm’s capital stock is as easy to alter after it has
been installed as it is before acquisition. The modified neoclassical model dispenses with this counterintuitive
assumption, replacing it with a “putty-clay” assumption where the firm’s capital stock cannot be substantially
varied after its installation.
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all policy-related effects remain lumped together. Both models therefore build in the assump-

tion of a certain uniform response by investment spending to each of its main determinants.

If the lag is primarily structural (not expectational) in nature, arising largely from inevitable

delays due to the time-intensive nature of the capital-goods production process—as is implicit

in the approach of the present paper—then this limitation of the models is not too important.11

What empirical findings do Jorgenson’s and Bischoff’s approaches generate? Figures 1 and

2 present results from two more-recent empirical studies by Bernanke et al. and Oliner et al.
that make use of both empirical models.12 Of the two, the “modified neoclassical” approach,

which forges the closer connection between interest-rate changes and investment-spending

changes, receives the primary emphasis. Jorgenson-type estimates provided by Bernanke et al.
for equipment also are included. The actual estimated equations and a detailed discussion of

their properties are presented in the source studies and are not reproduced here.13

11 Jorgenson’s model and Bischoff’s “modified neoclassical” model are still used by applied researchers to
model investment dynamics. Both retain considerable influence and are still among the best-known empirical
models of investment spending. Even today, they provide empirical estimates that are among the best produced
by models of the investment-spending process.
12 The Bernanke et al. (1988) and Oliner et al. (1995) studies are selected for several reasons. First, they
considerably overlap the 1961-91 period which is the focus of this paper. Second, each is estimated without
imposing a particular lag structure (such as the questionable Koyck/Almon lag procedure). Third, their results
are fairly typical of work in this area. As is traditional in this (and much other) literature, data selection in
these studies is determined largely by “data availability” (Bernanke et al. 1988, 306). In macroeconomics,
the relative paucity of data has more or less militated an emphasis on the availability criterion in sample
selection. Recently, econometricians have given more attention to how features of the data itself might guide
sample selection (see, for example, Spanos 1990, 347). Such recommendations, to the extent they are correct,
enhance the case for “episodic empiricism” (study of individual episodes) as important “checks” on traditional
macroeconometric work.
13 Two “modified neoclassical” estimated lag-patterns and two Jorgenson-type patterns—two each for struc-
tures and equipment—are taken from the Bernanke et al. study. Estimation is over the 1951:I–1983:IV period
by Full Maximum Likelihood procedures with a first-order adjustment for serial correlation. High R-Square
values and acceptable Durbin-Watson coefficients are reported by the authors. Virtually all estimated coeffi-
cients are statistically significant at the 5% level or better. No unusual features of the estimated equations are
reported by the authors.

The Oliner et al. study contributes two “modified neoclassical” estimated lag-patterns (one each for struc-
tures and equipment) and one Jorgenson-type lag-pattern for equipment (the authors’ equation for structures
performed poorly and was not selected for use here). Estimation is over the 1955:II–1992:IV period by Ordinary
Least Squares supplemented by use of the Newey-West correction for heteroskedasticity and autocorrelation
in the standard error estimates. The authors do not adjust directly for serial correlation in the data due to their
strong suspicion that such serial correlation reflects specification error rather than serially-correlated errors in
the “true” model (in effect, identifying such a specification error is the purpose of the present paper). OLS
generates unbiased (though inconsistent) estimates and is therefore acceptable for purposes of the present
paper, given that the Newey-West procedure has been used to correctly estimate standard errors (thus allowing
accurate inference). Reported R-squares of the equations are lower than those of Bernanke et al., likely due
to the use of OLS vs. Bernanke’s adjustment for autocorrelation. As with the Bernanke et al. study, a large
majority of Oliner’s reported lag coefficients are statistically significant at the 5% level or better, and no
unusual features of the estimated equations are reported by the authors.

Both the Bernanke et al. and Oliner et al. studies truncate the lag at eleven quarters to handle degrees-of-
freedom problems, as an alternative to use of the questionable Koyck/Almon lag procedure. The estimated
coefficients are presented (converted to percent form) in Figures 1 and 2. The Bernanke et al. study uses net
investment while Oliner et al. use [scaled] gross investment. Neither the gross- nor net-investment concept
gives quite the concept needed here, so having both is a reasonable compromise (for more details, see Footnote
34 ). Additional technical details of the two studies are provided in the source papers. Equations for equip-
ment outperform equations for structures, a common finding in the investment-spending empirical literature.
Figures 1 and 2 show that there is considerable consensus among the three studies regarding the distributed
lag for equipment, while for structures, the Oliner “modified neoclassical” pattern is somewhat different than
the two Bernanke distributed lags.
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Fig. 1 Three studies of the time structure of investment spending, nonresidential structures [NRS]

Fig. 2 Three studies of the time structure of investment spending, producers’ durable equipment [PDE]

Figure 1 gives results for nonresidential structures (abbreviated below as “structures,” or, in

the Figures, as “NRS”]. Structures are factories, office buildings, gasoline stations, malls, etc.

Figure 2 gives findings for producers’ durable equipment (abbreviated below as “equipment,”

or, in the Figures, as “PDE”]. “Equipment” denotes basically all business equipment. Each

graph depicts a series of econometrically-estimated coefficients representing the time path

followed by investment spending in response to a change in capital-goods demand. Actual

estimated coefficients are not presented; instead, the size of each coefficient relative to the

sum of all coefficients is given (thus coefficients sum to 100%). Thus, suppose that the cost

of capital falls due to, say, a fall in interest rates. A value of 10% at quarter 2 would mean
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that 10% of the total effect on investment spending occurs two quarters after the decline in

the cost of capital.14

In general, the response to a change in capital-goods demand that is estimated by Jor-

genson’s and Bischoff’s approaches develops quite slowly over time. For example, Figure 2

suggests that a fall in interest rates in “Quarter 0” still would be having a significant impact

on expenditures for producers’ durable equipment two-and-a-half years later. Why should

this be? Most equipment is manufactured quickly, with little “time to build,” so that lengthy

production periods for equipment is an unlikely explanation. Nor are planning lags likely

to be sufficiently long.15 A third popular neoclassical rationalization–backlogs of durable-

goods orders which clear slowly and so cause spending lags–is more plausible. However,

buyers and sellers of capital goods are leaving a suspiciously large amount of “money on the

table” in the backlogs tale, especially since each has considerable incentive to complete such

transactions quickly. Since rapid response is desirable (profitable) both to buyers and sellers

of capital goods, investment’s very slow response over time–particularly that by equipment

expenditures–has been a longstanding incongruity dogging the neoclassical interpretation of

investment-spending lags.16

Thus, while applied macroeconomists see Jorgenson’s and Bischoff’s methods as provid-

ing accurate estimates of the investment spending lag, the reasons why investment spending

responds so slowly in these studies to changes in its determinants are not well-understood–

despite the need for such understanding. Below, I will provide evidence that there is a simple

and intuitive explanation for such long spending lags. That explanation is, in essence, an

Austrian one.

3. The survey data: “time-to-build” progress patterns and completion patterns

In the interpretation of econometric studies of investment expenditures, survey data often

have provided a useful alternative source of information. Since the early 1960s, the U.S.

Department of Commerce, Construction Statistics Division (henceforth, CSD) has conducted

occasional surveys of the pace at which nonresidential construction projects progress toward

completion following the start of their construction (CSD defines “start” to mean the physical

start of construction; i.e., “groundbreaking”). The first survey was over the 1961-65 period,

while the most recent covered 1990-91.17 The data summarized in these surveys are collected

as part of CSD’s measurement of structures’ value-put-in-place, a key component of the

fixed investment part of the National Income and Product Accounts (henceforth, NIPA). The

surveys are occasional due to the manpower required to assemble and process the data.

14 Throughout the paper it is convenient to discuss changes in capital-goods demand that move in a direction
making for a more favorable investment climate. Arguments are, however, symmetrical. Circumstances making
for a less attractive investment climate mean opposite and equal effects on investment spending.
15 Evidence suggesting short equipment planning and production periods is summarized in Montgomery
(1997, 342–344). See also Footnote 27, below.
16 If one embraces a “monetary misperception” theory of the business cycle, where unanticipated changes
in money growth drive economic fluctuations, then the length of the lag seems especially difficult to justify.
However, the problem persists even for real business cycle theorists and others who do not emphasize short-term
errors by individuals in the economy as being fundamental to business-cycle theory. In particular, “time-to-
build” and other “structural” rationales for a lengthy lag do not automatically imply the long equipment-
spending lag that is observed, as is emphasized in the main text. The question of whether such lags are too
long to be plausible has a long history in empirical macroeconomics and pre-dates the “rational” expectations
revolution (see, for example, discussion in Gordon 1992).
17 The seven surveys cover 1961–65, 1976–77, 1978, 1979, 1980, 1982–83, and 1990–91.
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CSD carries out each survey by selecting about 6000 private nonresidential construction

projects from their much larger total supply of surveyed projects. Selection is made in a

manner representative of the broader population of projects.18 Authorities responsible for

each project are surveyed about the amount of monthly progress. Using this information,

a monthly progress pattern is calculated for each project that describes month-by-month

progress toward completion of the structure. For example, a (small) project’s progress pattern

might state that 10 percent of all project value was put in place during the month of project

start, 20% of project value was put in place during the first month after start of the project,

35% of value was put in place during the second month, etc.

When each project is completed, the number of months separating its month of start

(groundbreaking) from its month of monthly completion is recorded. When many such

projects are grouped together one can define a monthly completion monthly pattern for the

group. A completion monthly pattern gives the percent of total project-group value completed

monthly. For example, for a group of small projects, 1% of the project-group’s total value

might be completed in the month the project was started, 5% might be completed in the

month following the month of start, 20% might be completed in the second month following

project start, etc.

For the 1990–91 survey, CSD grouped projects into six size-categories ranging from very

large (over $10 million) to very small (under $250,000). For earlier surveys, CSD proceeded

similarly but used eight size-categories. In all its surveys, CSD calculates progress patterns

for each size-category, by averaging monthly progress across all projects in a particular size-

category for months 0, 1, 2, etc.19 CSD then publishes these progress patterns as an appendix

to their technical journal Current Construction Reports (Series C-30). They do the same thing

for completion patterns, and publish separately a distribution of completions over time for

the survey period, broken down by size-category.

Figure 3 charts progress patterns from CSD’s progress-pattern survey covering 1990-91.

Small projects (gas stations, convenience [“7–11”] stores, small shops) have a high proportion

of their value put into place early and are completed quickly. As project-size increases, the

percent of monthly progress slows. Curves of larger projects peak later and flatten out more

than do curves of smaller projects. The largest projects (major office buildings, large factories,

etc.) mark the slowest progress and have the lowest and latest peaks. The other CSD progress-

pattern surveys have similar patterns.

It is natural to ask what an aggregate progress pattern for the entire 1990–91 survey

would look like, formed by value-weighted averaging across size-categories for months 0,

1, 2, etc. CSD does not calculate such a pattern. To do so, one must value-weight the data–

enough value-weights are available to make it practical (for details, see Montgomery 1996).

Using these data in combination with the survey patterns yields Figure 4, which charts value-

weighted progress patterns for each size-category, as well as a value-weighted average pattern

for the entire 1990–91 survey. The aggregate survey pattern has an early peak, and a relatively

18 For more details, see Montgomery (1995, 1996), or pertinent articles in the CSD publication Current
Construction Reports: Value of New Construction Put in Place (Series C-30). The raw data discussed in this
paper can be found in the occasional appendices (dates are listed in the references).
19 An illustrative example may be useful. Suppose there are just two projects in a size-category. Project A
produces 50% of its value in Month 0, and 50% in Month 1. Project B produces 100% of its value in Month 1.
If the two projects are weighted equally, the percent progress in Month 0 is (50+0)/200=0.25, or 25% of the
total value of all (here, two) projects. The progress in Month 1 is (50+100)/200=0.75, or 75%. CSD does some
weighting within size-categories, ignored in this example.
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Fig. 3 Progress patterns, six size categories, 1990–91

high proportion of value put into place occurs in the early months. Smaller projects play a

significant, even dominant, role in determining the aggregate survey pattern’s shape.

Using the above methods, one can construct value-weighted aggregate progress patterns

for the six other CSD progress-pattern surveys. They are quite similar to the 1990–91 survey.

All have quick peaks, followed by steady declines in value-put-in-place over roughly three

years (for details, see Montgomery 1996).

Next, it is useful to combine the aggregated progress patterns for the seven surveys into

a single value-weighted average progress pattern for the entire 1961–91 period. Doing so

implicitly assumes that the seven surveys are generated independently, a reasonable assump-

tion since they cover different years. As a preliminary, suppose we combine the aggregated

patterns for the seven surveys in the most straightforward way, by simply averaging them

month-by-month, weighting each survey in proportion to the number of years it covers.

Such an aggregated progress pattern likely is, by far, the most accurate measure available

of “time-to-build,” taking this term literally to mean “time-to-physically-construct.” Over

44,000 nonresidential construction projects of many types and sizes are included in the CSD

surveys. Further, they are included in proportion to their actual weight in the structures

sector (Asanuma and Newman-Smith 1993, Montgomery 1996). Therefore, the 1961–91

survey pattern as so constructed offers a look at just the physical construction lag. It excludes

things like pre-construction planning lags, regulatory delays, delivery lags due to orders-

backlogs, and other delays in the construction process that contribute to its slow pace. By

contrast, all these factors are mixed together in the distributed lags estimated in Jorgenson-

type econometric studies.

Accordingly, comparing the survey record with econometric work in the Jorgenson tra-

dition can give one an excellent impression of how much of the investment spending lag is

due to “time-to-build” defined strictly, and how much is due to other mechanisms making up
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Fig. 4 Weighted progress patterns

the complex investment-spending process. In order to carry out such a comparison, we need

“benchmark” econometrically-generated patterns to compare against the 1961–91 survey

pattern. The benchmark for structures is formed by averaging the patterns in Figure 1, while

an average of Figure 2’s patterns is the benchmark for equipment.

Figure 5 charts the aggregated survey pattern (converted from months to quarters) against

the benchmark structures econometric pattern. The two approaches generate vastly different

rates of progress. The survey-based pattern peaks much faster, showing a far more rapid

rate of progress than does the econometric benchmark pattern. To be sure, the discrepancy

might just indicate methodological problems with either the surveys or the econometric

studies (or both). More likely, however, most of the vast gap is due to mechanisms other

than “time-to-build” operating in the nonresidential structures investment spending process

(including, possibly, Austrian-type mechanisms). Apparently, when it is defined strictly to

mean physical construction, “time-to-build” is, at most, only a small part of the process

generating investment expenditures over time.

4. Strategy in the rest of the paper

The comparison carried out above suggests the strategy that motivates the remainder of

the paper. Suppose we begin with the 1961–91 survey pattern, and then add in measures

of other pieces of the investment-spending process that are emphasized by neoclassical in-

vestment theory. By doing so, we create an aggregate survey pattern augmented by these

other components of the investment-spending lag. If we capture all significant pieces of the

investment spending process, and if these pieces are measured reasonably accurately, then

such an “augmented survey pattern” ought to look like the investment-spending distributed

lags generated by Jorgenson-type econometric studies. By contrast, if substantial differences
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Fig. 5 Survey pattern versus neoclassical benchmark

remain between the econometrically-generated pattern and the survey-based pattern, then it

suggests the presence of other mechanisms at work in the data that are not part of the neo-

classical theory of investment expenditures (such as, perhaps, Austrian-based mechanisms).

The remainder of the paper is based on this central idea.

The next section addresses one of the most prominent of the additional neoclassi-

cal mechanisms–planning (pre-construction) lags. Subsequent sections incorporate orders-

backlogs and bring investment in equipment into the story, in ways that are consistent with

neoclassical thinking. Finally, having demonstrated that something is still missing, Austrian

mechanisms will be deployed.

5. Planning lags

Construction projects often require considerable planning prior to groundbreaking, which

takes time. Accordingly, the “match” with the econometrically-estimated benchmark patterns

ought to improve when the surveys are augmented with pre-construction planning lags.

Creating such an augmented survey pattern is, in principle, simple. A planning lag of “small,”

“medium,” or “large” length is placed in front of each of the 54 progress patterns reported

in the seven CSD surveys. Once a planning lag has been assigned to each progress pattern,

calculation of the 1961–91 survey-based progress pattern, now augmented by planning lags,

is done by the methods described in the paper’s third section.

Planning periods are assigned to the several size-categories in each survey using a two-step

process. First, we need to split the 54 progress patterns into “small,” “medium,” and “large”

classifications. CSD measures size-categories in current, not constant, dollars, so the NIPA

implicit price index for structures was used to deflate CSD’s size-categories. All progress

patterns then were ranked by the real value of their size-category, and divisions between
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“small,” “medium,” and “large” were made where large breaks occurred in real value. As a

check, all 54 progress patterns were charted on one graph. The result immediately suggested

that the shapes of patterns fall roughly into three sizes. Finally, the 54 patterns were ranked

by the sizes of their average lags. The three methods led to similar results. Where rankings

conflicted (rarely), the real-value-of-size-category criterion took priority.

The planning lags assigned to the “small,” “medium,” and “large” classifications were

determined by consulting scholarly studies of planning lags, of which there are regret-

tably few. The most useful study is an important survey conducted by Thomas Mayer in

1954 (Mayer 1960). Mayer found that, for large industrial plants, seven months on aver-

age separated the date when drawing of plans commenced from the date that construction

started. Mayer’s survey methodology favored selection of larger projects, which tilted his

findings upward somewhat. Shorter planning lags are associated with smaller plants in his

survey.20

Mayer’s survey suggests seven months as an upper bound on the estimate of the average

planning period for “large” projects. Accordingly, the CSD progress patterns are augmented

with planning lags of zero quarters21 (for “small” projects), one quarter (for “medium-sized”

ones), or two quarters (for “large” ones).22,23

Augmenting the survey data with planning lags subtly changes the definition of a project’s

“start.” Previously “start” meant the date of project groundbreaking, as in the CSD surveys.

With planning lags added, “start” means the date when active, non-contingency project

planning begins. “Start” is used this way from now on, unless stated otherwise. To keep

the two meanings separate, future references to the CSD “start” concept include the word

“groundbreaking.”

Figure 6 charts the monthly value-weighted aggregate progress pattern for 1961–91, aug-

mented by planning lags. Adding planning lags flattens and lengthens the CSD survey pat-

tern considerably, bringing it closer to the econometric studies (compare with Figure 4).

20 Another influential study is Zarnowitz (1973), who compares dates of cyclical peaks and troughs in contract-
awards series vs. investment-spending series. He is able to conclude little for nonresidential structures except
that there is probably some lag in the data separating construction-contract award dates from the date that
construction begins. However, for the broader category of nonresidential fixed investment (structures plus
equipment) he arrives at estimates in the one-to-three quarter range. These somewhat ambiguous results are
typical of the limited empirical work that has been done on pre-construction lags.
21 Assigning a zero-quarter planning lag implies an average lag of 1.5 months (the mid-point of a quarter)–not
zero months. Similarly, a one-quarter planning lag assumes a planning delay averaging 4.5 months, etc.
22 Using Mayer’s findings for 1954 as a guide to later years, while not ideal, is acceptable. True, increasing
regulatory hurdles since 1954 probably increased the planning period. But on the other hand improvements
in technologies since 1954 probably shortened it. In any event, it is the best data source available. The fact
that the progress patterns in the CSD surveys show quite a bit of stability over time might be taken as weak
evidence suggesting stability over time also in the lengthiness of the pre-construction process.
23 The older literature speculates about what can be called a “decision lag” separating the date of change
in investment’s determinants from the date at which non-contingency, committed project planning begins. I
am skeptical about the existence of such a lag, and do not think it should be taken too seriously in the post-
rational-expectations era. Forward-looking firms would be likely to anticipate turns in the economy (which,
unlike much government policy, is fairly predictable) and carry out this fairly cheap contingency planning
well before the actual increase in capital-goods demand occurs. The older empirical work that exists on this
lag was unable to detect persuasive evidence of its existence (e.g., Zarnowitz 1973, op. cit.). In his survey,
Mayer queried firms about the time gap between the start of consideration of a project and its date of start
in construction, and received an answer averaging 23 months (!) (Zarnowitz 1973, 509; Mayer 1958). Such
a high estimate is implausible unless extensive contingency planning is carried out by firms anticipating a
turn in the economy. Thus the contingency planning would be complete by the time the investment climate
improved, and the decision lag would be trivial. The “decision lag” is set to zero in the present paper.
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Fig. 6 NRS 1961–91 survey-based progress pattern, augmented by planning lags

Fig. 7 Augmented survey pattern versus NRS benchmark

Figure 7 converts the pattern to quarters and charts it against the structures econometric

benchmark. Adding planning lags to the survey pattern improves the match considerably,

but the augmented survey pattern still peaks too high and too early. Additional uniden-

tified mechanisms, it would seem, still are involved in creating the investment-spending

lag.
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6. “Starts persistence”: orders backlogs and bounded rationality

The value-weighted 1961–91 survey pattern furnishes no information about when starts of

structures respond to a change in capital-goods demand. Does groundbreaking for most such

projects begin quickly when such a change happens, delayed only by planning lags? Or,

do project-starts spread out over time in response to such a change, even after differential

planning lags across projects are taken into account? Such a staggering of project starts over

time is called “starts persistence” in this paper.

Neoclassical investment theory suggests two reasons why there might be some starts

persistence. First, only a few construction projects can be handled simultaneously by any

one construction firm, so, when there is a spurt in demand, projects are backlogged by these

firms. A second reason for starts persistence is “bounded rationality” (e.g., Sargent 1993):

News does not spread immediately from sector to sector, so there should be starts persistence

as different sectors change their capital-goods demand in staggered fashion.24

However, the core neoclassical assumption of rational profit-maximizing behavior does

not permit either explanation to be pushed very far. Long backlogs mean lost profits for suppli-

ers and demanders of capital goods. Believers in long “rational backlogs” must explain why

construction firms do not invest resources to shrink such backlogs. Similarly, problems dog

bounded-rationality explanations of starts persistence. Why don’t profit-maximizing firms

aggressively seek out new information about industry conditions? Doing so successfully can

mean large profits for firms who build early, since their new capacity comes on line before

less far-sighted firms get new capacity. Such counter-arguments suggest that one should be

skeptical of arguments blaming long investment spending lags on either supply-constraints

in the construction industries or on information lags. Large amounts of unexplained starts

persistence should be viewed with suspicion–as a likely proxy for other unidentified

forces.

Not too much is known about how much persistence of structures-starts occurs when there

are changes in capital-goods demand. Therefore, in this paper starts persistence is examined

that ranges widely from zero to seven quarters in duration. Lacking better information, starts

are assumed to occur at a uniform rate over whatever number of quarters of persistence is

assumed.

Table 1, Columns [1] through [7], shows how the assumption of starts persistence is used to

augment the CSD survey data. The 1961–91 quarterly survey pattern, augmented by planning

lags, is reproduced in Column [2]. It is lagged a quarter three times in succession, generating

three quarters of “starts persistence” (Columns [3] through [5]). Summing Columns [2]

through [5] horizontally month-by-month generates Column [6]. Converting Column [6] to

percent form in Column [7], a new pattern is generated that incorporates, (a) the 1961–91

CSD survey pattern, (b) planning lags, and (c) three quarters of starts persistence. Figure 8

shows the same calculation as a graph. Starts persistence smooths out the survey pattern and

lowers and flattens its peak. The effect is enhanced as more quarters of starts persistence are

included (and vice versa).

Figure 9 charts augmented survey patterns depicting zero, three, four, and seven quarters

of starts persistence. Also in Figure 9 is the econometric benchmark pattern introduced in the

paper’s third section. Either three or four quarters of starts persistence creates a fairly good

match with the benchmark. The match suggests one (neoclassical) explanation of why the

24 If “bounded rationality” refers to rational actors striving to make the best of situations where some needed
knowledge is, and will always be, unavailable, then the idea has long been embraced by Austrians. A useful
discussion is Garrison (2001, Ch. 2).
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Fig. 8 Adding three quarters of starts persistence to the survey-based progress pattern

Fig. 9 Augmented NRS survey patterns with starts persistence of —(0, 3, 4, 7) quarters, versus NRS bench-
mark pattern

response by structures to changes in capital-goods demand is slow. It can be seen as a mix of

physical construction periods, planning lags, and considerable staggering of starts over time

due to backlogs and slow information-diffusion across the economy’s sectors. The sticking

point is that three or four quarters of starts persistence is quite a lot to reconcile with rational

profit-maximizing behavior.25

25 Extensive experimentation with plausible asymmetric patterns (e.g., more projects started in, say, Quarter 1,
than in other quarters) failed to turn up improvement in overall results. “Front-loading” an asymmetric pattern
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Fig. 10 Augmented NRS survey patterns with starts persistence of —(0, 3, 4, 7) quarters, versus NRFI
benchmark pattern

7. Producers’ durable equipment

While comparing structures survey patterns with structures econometric patterns is informa-

tive, more important are comparisons featuring nonresidential fixed investment [NRFI], the

sum of expenditures on structures and equipment. To create an NRFI econometric benchmark

pattern, we do value-weighted averaging of the six structures and equipment patterns that

were charted earlier in Figures 1 and 2 (the value-weight, a ratio of equipment-to-structures

that is appropriate for this study, is explained in Footnote 34).

How should a survey-based NRFI pattern be created? For help in comparing the possibil-

ities, it is useful to match the augmented structures, survey-based, progress patterns against

the NRFI, econometric, benchmark pattern, as in Figure 10. In Figure 10, the best-performing

augmented survey patterns peak a bit too high and late to match well with the NRFI econo-

metric benchmark pattern. As in Figure 9, a rather counter-intuitive three and four quarters

of starts persistence match best.

Figure 10 is a kind of “control experiment:” Equipment is excluded altogether from Figure

10’s survey-based pattern. Therefore, if a particular way of combining equipment patterns

and structures patterns forms a pattern for NRFI that does little to improve on the performance

in Figure 10, then that way of forming the NRFI progress pattern ought to be rejected.

We return to the question of how to create a survey-based NRFI progress pattern. One

possibility, explored in this section, is to do it the same way as that used to aggregate the

seven CSD surveys in the paper’s third section. There, it was assumed that the seven surveys

were generated independently. They then were combined by value-weighted averaging to

form the 1961–91 survey pattern for structures. Why not aggregate patterns for equipment

and structures in the same way? The 1961–91 progress pattern for structures can be merged

of starts persistence sometimes lowered the amount of optimal persistence required, but the match with the
benchmarks was improved little, if at all.
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with an equipment progress pattern by value-weighted-averaging, thereby forming a NRFI

progress pattern.

Crucially, this approach assumes that the two components of NRFI (structures and equip-

ment) are generated independently. It assumes that the pace of building completions has

no significant impact on the timing of equipment production (and vice versa). Such an

assumption has far-reaching implications, ones accepted by default in neoclassical work that

studies investment spending. Neither intratemporal nor intertemporal complementarities be-

tween structures and equipment are allowed by such an assumption. Neoclassical theorists

seem comfortable with the independence assumption, since they do not consider interactions

between structures and equipment in their many studies of the investment sector. Moreover,

in applied work neoclassical macroeconomists typically estimate structurally independent

equations for structures and equipment. For these reasons, the method used in this section to

create an NRFI survey-based progress pattern is labeled “neoclassical.”26

To create the “neoclassical” NRFI survey pattern described above, an estimate is needed of

the value-weighted average equipment progress pattern. Equipment progress-pattern survey

data do not exist. However, surveys of production periods for prominent components of equip-

ment are available from several sources, and some other studies give additional information

about production periods. The best evidence suggests a value-weighted average production

period for equipment of no more than two-to-three quarters (it may well be shorter).27 Infor-

mation about the production period, however, tells us nothing about quarterly progress–how

rapidly production evolves within the equipment production period. Here, a three-quarter

equipment production period is assumed, with progress within the period occurring at a

uniform rate. No pre-construction lag is imposed since most equipment is made “to stock”

rather than “to order,” so that little planning is required prior to shipment (Zarnowitz 1973,

Ch. 2).

The right-hand-side of Table 1 illustrates how the equipment progress pattern is combined

with the structures-survey progress pattern (augmented by planning lags), illustrated for the

case where both structures and equipment respond to a change in capital-goods demand with

three quarters of starts persistence. Column [6], the sum of Columns [2] through [5], is the

sum form of the structures survey pattern that incorporates three quarters of structures starts

persistence. Columns [8] through [11], in turn, capture the three quarters of equipment starts

persistence. Column [12] is the row-by-row weighted horizontal sum of Columns [6] and

Columns [8] through [11]. Column [13] converts these sums to percent form by expressing

26 I am unaware of any neoclassical work modeling equipment and structures so as to incorporate such
interactions. Certainly all the most influential applied work on investment has embraced something like the
independence assumption. In his comments on Clark’s (1979a) famous paper, Greenspan (1979) “was struck by
the implicit assumption in the paper that investment in equipment and investment in structures are determined
independently, even though their determinants are modeled similarly” (Greenspan 1979, 114). Clark replied
that, “Alan Greenspan correctly emphasizes the interdependence of investment in equipment and structures. It
is not clear, however, that this interdependence makes much difference in the empirical results” (Clark 1979b,
120). His rationale for this statement rested wholly on the technical features of the estimated equations.
27 Surveys of the lag separating the date of equipment order from delivery date for numerous equipment
components are reported by Rottenberg and Donahoe (1971), and in a regular monthly survey published for
many years in Purchasing magazine. In addition, Zarnowitz (1973, Ch. 4) provides estimates based on simple
regressions as well as studies of differences in timing between orders and shipments at business cycle turns (for
additional details see Montgomery, 1997). Finally, Abel and Blanchard (1988) have derived lags of 2 quarters
for both fabricated metals and nonelectrical machinery, 3 quarters for electrical machinery, and 0 quarters for
automobiles (this last being an example of an important component of equipment that is manufactured “to
stock,” not “to order”). All these studies report results implying the value-weighted equipment production
period is considerably under a year in length.
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Fig. 11 “Neoclassical” NRFI survey patterns, starts persistence of —(0, 3, 5, 6, 7) QTRS, vs. NRFI benchmark

them as a percent of the sum of all the numbers in Column [12] (924, the number at the

bottom of Column [12]).28

The resulting NRFI progress pattern in Column [13] is interpreted as follows. Suppose

that structures spending and equipment spending are generated independently of each other,

as implicitly is assumed in neoclassical empirical studies of investment spending. Suppose

further that structures projects are subject to substantial planning lags as described in the pa-

per’s fifth section, while equipment projects have negligible planning lags. Finally, suppose

that, due to backlogs and/or slow information diffusion, an increase in capital-goods de-

mand causes three quarters of starts persistence. Column [13] is the resulting NRFI progress

pattern.

How well do these NRFI survey-based progress patterns match up with the NRFI econo-

metric benchmark? Figure 11 shows that the match is poor. The shapes of all survey-based

patterns differ substantially from that of the benchmark, and the best match visually of five

or six quarters of starts persistence involves too much persistence to be very appealing. The

conclusion is robust to other assumptions about the length of the average production period

for equipment. It is also robust to replacing the assumption of a uniform rate of progress for

equipment construction with various asymmetric (e.g. “hump-shaped”) patterns.29

Adding equipment to the survey data in the manner implied by the neoclassical approach

to studying investment spending, then, does not make for a good “fit” with econometric

28 The equipment/structures weighting ratio used here equals 1.32 for the 1961–91 period. The ratio’s value
is explained in Footnote 34.
29 A four-quarter progress pattern (25% of value spread equally through Quarters 0 through 3) is outperformed
by the text pattern. A two-quarter progress pattern (50% of value spread equally between Quarters 0 and 1)
actually outperforms the 33/33/33 text pattern at 6 quarters, but deteriorates more rapidly when less levels
of starts persistence are assumed. Plausible asymmetric patterns did not alter text conclusions. (These results
were generated using methods described in Section 9 of the paper.)
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studies of the investment-spending lag. The assumption of independence between equipment

and structures characterizing neoclassical investment theory would seem to be a poor–or

at least seriously incomplete–guide to understanding the processes responsible for gener-

ating the lengthy investment-spending lag. In the next two sections, we will see whether

Austrian-based insights can fill any of the gap in understanding that is left by neoclassical

theory.

8. Austrian persistence: the capital-complementarity hypothesis

The neoclassical theory of investment expenditures does not consider complementary rela-

tionships between types of capital–in particular, those between structures and equipment. By

contrast, Austrian macroeconomics emphasizes such relationships. Can a complementary

relationship between structures and equipment improve the match between the augmented

survey pattern and the econometric benchmark pattern? Can such a relationship even be

introduced in a meaningful way using the structures survey data?

At first glance, the attempt seems problematic. Since empirical studies of capital com-

plementarity do not exist, we cannot adopt the prior strategy of using relevant neoclassical

empirical work as guides to augmenting the 1961–91 survey pattern. There is, however, an

alternative approach. Suppose we know when nonresidential structures are completed. Most

newly-produced equipment is installed in newly-completed structures (see Footnote 34). It

follows that quarters when lots of structures are completed also should be quarters when

lots of producers’ durable equipment are shipped. Since most equipment expenditures are

counted in the National Income and Product Accounts at date of shipment,30 equipment ex-

penditures in the NIPA ought also to be linked to completions of nonresidential structures.

This capital complementarity hypothesis (henceforth, CCH) can be implemented empirically

if we have data describing how structures are completed over time following their start, and

if we assume that the completion pattern derived from these data describes the time-path of

structures-completions that follows an increase in capital-goods demand.

CSD surveys of nonresidential-structures completion patterns (discussed earlier in

Section 3) furnish detailed information about how completions of structures evolve following

their start of construction (i.e., following “groundbreaking”). Like the CSD progress-pattern

surveys, completion-pattern surveys are based on samples of many thousands of projects,

and are value-weighted to reflect the size-distribution of the completed structures. CSD has

published completion-pattern survey data, broken down by size-category, that complement

their progress-pattern surveys. While the two are separate surveys, they cover nearly the same

time-periods.31

30 I thank David W. Cartwright (CSD, Investment Branch) for this information. The text statement holds except
for large ships, and aircraft constructed on a fixed-price contract basis. These are counted like structures, on
a value-put-in-place basis.
31 The completion-pattern surveys cover 1961–69, 1970–71, 1976–77, 1978, 1979, 1980, 1982–83, and
1990–91. For more details about these surveys, see Montgomery (1995).

It would be most useful if the completion-pattern data also furnished information about cancellation of
projects that were abandoned after their ordering and perhaps partial construction. As a referee points out,
this is an important part of the Austrian theory of the business cycle. However, CSD provides information on
the speed of completion only for projects that are completed. Non-completion of structures (and equipment)
is a potentially significant additional factor, worthy of separate study, about which this paper can provide no
information. Since the attempt here is to “match up” survey-based patterns with econometrically-estimated
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Table 2 Generation of augmented CCH progress patterns in figure 12, illustrated for case of three
quarters of starts persistence

[1] [2] [3] [4] [5] [6] [7] [8]

Number NRS sum Value-weighted average Weighted Percent

of QTRS progress completion pattern, 1961–1991 sum sum {([7]/924)

after pattern Quarters of {[2] + 1.32 ∗100}),

change in 3 QTRS starts persistence assumed ∗([3] + [4] Row

determinants starts 0 1 2 3 +[5] + [6])}. by row

of investment persistence Row

(from) Table 1, by row

col. [6])

0 8.86 4.19 14.40 1.56

1 20.98 6.29 4.19 34.83 3.77

2 36.87 7.68 6.29 4.19 60.87 6.59

3 51.60 9.65 7.68 6.29 4.19 88.35 9.56

4 55.55 8.95 9.65 7.68 6.29 98.58 10.67

5 53.85 8.87 8.95 9.65 7.68 100.29 10.86

6 45.82 9.78 8.87 8.95 9.65 95.04 10.29

7 36.53 8.93 9.78 8.87 8.95 84.80 9.18

8 27.49 7.94 8.93 9.78 8.87 74.42 8.06

9 19.63 6.61 7.94 8.93 9.78 63.58 6.88

10 13.55 6.05 6.61 7.94 8.93 52.57 5.69

11 9.35 4.56 6.05 6.61 7.94 42.59 4.61

12 6.31 3.66 4.56 6.05 6.61 33.89 3.67

13 4.13 2.79 3.66 4.56 6.05 26.67 2.89

14 2.55 2.07 2.79 3.66 4.56 19.84 2.15

15 1.49 1.33 2.07 2.79 3.66 14.51 1.57

16 0.76 0.09 1.33 2.07 2.79 9.06 0.98

17 0.38 0.09 0.09 1.33 2.07 5.11 0.55

18 0.18 0.09 0.09 0.09 1.33 2.30 0.25

19 0.00 0.09 0.09 0.09 0.09 0.48 0.05

20 0.00 0.09 0.09 0.09 0.09 0.48 0.05

21 0.00 0.09 0.09 0.09 0.09 0.48 0.05

22 0.00 0.00 0.09 0.09 0.09 0.36 0.04

23 0.00 0.00 0.00 0.09 0.09 0.24 0.03

24 0.00 0.00 0.00 0.00 0.09 0.12 0.01

Column

sum—> 396 100 100 100 100 924 100

Note: See notes to Table 1.

Using the methods of the paper’s third and fifth sections, a value-weighted average com-

pletion pattern for 1961–91, augmented by the same planning lags that were used earlier to

augment progress patterns, can be constructed from the CSD completion-pattern surveys.

The resulting quarterly pattern is given in Table 2, Column [3]. Suppose there is a favorable

change in determinants of demand for structures (say, interest rates fall). The completion

pattern in Column [3] tells how completions of resulting projects will be distributed over

time, allowing for planning lags, and assuming no starts persistence.

For example, consider the number “9.78” in Table 2, Column [3], at Quarter 6. This number

means that 9.78% of all the structures-value started during Quarter 0 will be completed in

the sixth quarter following the improvement in the investment climate. So the CCH implies

investment-spending distributed lags which are estimated over a period encompassing numerous completed
business cycles, any distortion from failure to track non-completions likely is small.
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that, if the ratio of equipment-spending-to-structures-spending equals one, then 9.78% of all

equipment ultimately slated to be placed in these new structures will be shipped in Quarter

6. (In fact this ratio exceeds one, so the predicted equipment shipments have to be adjusted

accordingly.) The CCH implies that, if we know when structures-completions are occurring,

then we know that equipment shipments are occurring in proportion to the value of those

structures-completions. By telling how structures-completions evolve following an increase

in capital-goods demand, the completion-pattern survey data thereby allow the CCH to be

made operational.

The CCH combines equipment spending patterns with the structures progress-pattern in a

more theoretically appealing way than did the “neoclassical” approach of the previous section.

Under the CCH, the time-intensive response of equipment to changes in capital-goods demand

is attributed wholly to the time-intensive response of equipment’s complement, structures.

It is the amply-documented lengthy production period for structures–not “time-to-build” of

equipment–that the CCH uses to explain the drawn-out response of equipment to changes in

capital-goods demand.32

The CCH also is a more appealing assumption empirically. It stretches credibility to

suggest that the lengthy distributed lags estimated in Jorgenson-type econometric studies of

equipment are due to lengthy equipment production periods. The estimated lags are just far
too long (see Figure 2). In fact, a main question dogging neoclassical empirical work on

investment spending has been that the distributed lags estimated for equipment have been

much more lengthy than can be justified by the standard neoclassical rationales for this lag.

In the next section we will see whether the Austrian-based CCH accounts better for such a

time-intensive response.

9. Capital complementarity and the persistence of investment expenditures

The capital complementarity hypothesis suggests that equipment should be joined with the

survey-based progress patterns for structures in a way that captures the complementary

relationship prevailing between structures and equipment. Table 2 shows how the CCH

combines the 1961–91 structures progress pattern with the implied equipment shipments

(expenditures) pattern, illustrated for three quarters of starts persistence. Table 2, Column

[2] repeats Table 1, Column [6]: It shows the sum form of the 1961–91 structures progress

pattern, where the pattern is augmented by both planning lags and an assumed three quarters

of starts persistence.

Under the CCH, each of the assumed three quarters of structures starts persistence gen-

erates a long sequence of equipment shipments (expenditures) over subsequent quarters

as structures are completed. Implied PDE equipment shipments are shown in Columns [3]

through [6] of Table 2. Table 2, Column [3] contains the 1961–91 value-weighted completion
pattern for structures, augmented by planning lags. As interpreted by the CCH, it represents

the equipment shipments (expenditures) per dollar of structures-completions that will be

placed into the completed structures that were started in Quarter 0 (the quarter that capital-

goods demand rises). Since we are assuming starts persistence, we next move rightward in

Table 2 to Column [4], which captures the implied equipment shipments (expenditures) that

32 Under the CCH, “time-to-build” for equipment is, in essence, irrelevant. The production schedule for
most equipment is set by anticipated completion dates of structures currently under construction into which
that equipment will be placed. A structure’s construction period almost always will be longer than that
of its complementary equipment. Hence a structure’s completion date will determine the complementary
equipment’s shipment date, and through this, the equipment production schedule.
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Fig. 12 CCH NRFI survey pattern, starts persistence of —(0, 1, 2, 3) quarters, versus NRFI benchmark pattern

will occur over time in response to the structures that were started in Quarter 1. Analogous

interpretations are given to Columns [5] and [6], which match up with the second and third

quarters of structures-starts persistence respectively.33

Column [7] gives the sum of all this activity, which is converted to percent form in

Column [8].34 Column [8] is the predicted CCH-based progress pattern for NRFI that

occurs in response to a rise in capital-goods demand. It consists of [a] the 1961–91 CSD

progress pattern for structures (see the third section of the paper for details), augmented by

[b] planning lags (see the fifth section), augmented further by [c] three quarters of starts per-

sistence (see the sixth section), and, further, now [d] incorporating equipment expenditures

as implied by the capital complementarity hypothesis (see the previous section for rationale).

Figure 12 compares the four best-performing CCH-augmented progress patterns with the

NRFI econometric benchmark pattern. There is a much closer match with the econometric

33 Table 2, Column [3] is the equipment shipments pattern generated by the buildings represented by the
progress pattern in Table 1, Column [2]; Table 2, Column [4] is the equipment shipments pattern generated
by the buildings represented by the progress pattern in Table 1, Column [3], etc.
34 The number “1.32” in Column [7]’s calculation formula is also used in Table 1, Column [12] and in forming
the NRFI econometric benchmark. It is a ratio of equipment expenditures to structures expenditures that is
appropriate to use as a weight in carrying out the summation in Column [7]. In forming this ratio, the concept
in the denominator is gross structures investment (including both “new” and “replacement” structures). All
new buildings, whether NIPA accounting designates them as “new” or “replacement” buildings, will generate
equipment expenditures under the CCH. By contrast, the equipment concept in the ratio’s numerator includes
all equipment except that which is slated to be installed in already-existing structures. equipment going
into already-existing structures is not part of the CCH story. The derivation of the equipment-to-structures
ratio–which is available on request–uses a comparison between gross and net structures to estimate how
much equipment goes into new structures. The derivation implies that about three-quarters of all equipment
produced in a typical year over the 1961–91 period are slated to go into new structures (data used are from
Economic Report of the President 1996). In any case conclusions in this section are insensitive to variation of
the equipment/structures ratio over vast ranges.
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Table 3 Deviations of augmented survey-based progress patterns from benchmark econometric pattern,
various uniform rates of starts persistence

Comparison Quarters of starts

persistence assumed

0 1 2 3 4 5 6 7

1 Structures-Starts Persistence Alone,

vs. Bernanke-Oliner Average NRFI

Pattern (Compare with Figure 10).

Sum of Absolute-Value Deviations 29.8 19.0 13.2 13.0 17.6 22.3 27.1 30.23

Sum of Squared Deviations 130.7 58.1 33.2 27.5 43.4 70.8 102.2 130.4

2 PDE Added Using “Neoclassical”

(“Time-To-Build”) Hypothesis,

vs. Bernanke-Oliner Average NRFI

Pattern (Compare with Figure 11).

Sum of Absolute-Value Deviations 88.5 72.3 55.9 41.2 27.1 16.5 11.5 14.2

Sum of Squared Deviations 1144.9 734.6 470.0 246.2 109.4 38.9 21.2 35.8

3 PDE Added Using CCH,

vs. Bernanke-Oliner Average NRFI

Pattern (Compare with Figure 12).

Sum of Absolute-Value Deviations 11.3 6.5 9.5 15.5 22.1 28.3 33.6 37.7

Sum of Squared Deviations 23.9 7.1 20.1 44.1 79.8 120.7 161.6 199.1

4 Structures-Starts Persistence Alone,

vs. Bernanke-Oliner Average NRS

Pattern (Compare with Figure 9).

Sum of Absolute-Value Deviations 35.0 23.0 15.0 13.5 12.9 18.2 25.0 28.1

Sum of Squared Deviations 198.3 104.8 56.5 28.3 30.8 54.9 85.0 111.9

Note: See Text Discussion.

benchmark than in previous figures, both in shape and height. Particularly good matches are

obtained by the curves corresponding to zero, one, and two quarters of starts persistence,

with the best match visually being generated by the one-quarter case.

The fact that the three best CCH matches in Figure 12 involve far less starts persistence

than was found in previous sections is a significant development. As previous sections have

emphasized, starts persistence beyond a certain point is ad hoc and counterintuitive, and the

less of it needed to maximize the match with the benchmark pattern, the better. The CCH

does not rely on questionable amounts of exogenously-imposed starts persistence in order to

generate good results. This is because the CCH endogenizes starts persistence, by recognizing

how structures started today will generate long series of equipment shipments (expenditures)

in subsequent quarters.

When comparing Figures 9 through 12, it is useful to have a quantitative standard of

comparison. Table 3 measures the tightness of the “fit” in the figures between the survey pat-

terns and the econometric benchmarks, for zero-through-seven quarters of starts persistence.

Numbers in the table are sums of absolute values of deviations [SAVD], and sums of squared

deviations [SSD] (the SSD formula penalizes larger deviations disproportionately). Sums are

calculated over Quarters 0 through 8, moving from left to right along a figure’s horizontal

axis. Results change numerically but conclusions are not altered when the summation range

is extended through Quarter 11.35

35 An example may be useful. Consider a comparison of the econometric benchmark pattern with the “3 Quar-
ters” CCH survey pattern in Figure 12. At Quarter 0 along the horizontal axis, the “3 Quarters” pattern equals
1.55, while the econometric benchmark equals 3.0. The absolute value of this gap, 1.45, is the contribution to
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Part 1 of Table 3 compares the NRFI econometric benchmark pattern with the structures-

survey patterns. As discussed previously in Section 7, such a comparison is a kind of “control”

in the table. That is, a minimum condition for success in Parts 2 and 3 of Table 3 is that results

exceed those in Part 1.36

When the augmented survey pattern is combined with equipment by applying the stan-

dard “neoclassical,” time-to-build approach, Table 3, Part 2 shows that results are poor.

The best-performing pattern requires six quarters of starts persistence–three quarters more

than the best-performing pattern in Table 3, Part 1, and too much persistence to be very

plausible based on standard neoclassical arguments. Further, the best-performing pattern

in Part 2 of the table does not do too much better than the best-performing pattern in

Part 1–and to do it, three additional quarters of starts persistence are required. That is,

adding in equipment as an independent component of the fixed investment sector does

little better than leaving equipment expenditures entirely out of the survey-based pat-

tern. Apparently, treating structures and equipment as independent components of in-

vestment in the NIPA–as is the norm in neoclassical studies–is not too appealing an

assumption.

Part 3 of Table 3 reports “goodness of fit” sums corresponding to the CCH. The best-

performing pattern assumes just one quarters’ worth of starts persistence. This is an amount

consistent with rational profit maximization within the context of the backlogs/bounded-

rationality explanations for such persistence that are favored by neoclassical theory. The

second-best-performing pattern assumes two quarters of starts persistence, and the third-best

assumes zero quarters. Even the zero-quarter CCH pattern outperforms all patterns in Part 1

of Table 3, and all but the six-quarter SSD value in Part 2. That is, the strong hypothesis that

all the persistence in the NRFI econometrics benchmark pattern is explained by the CCH

performs very well compared with the two alternative hypotheses, regardless of how much

starts persistence is allowed to the alternatives.

Part 3 of Table 3 also quantifies the “one-quarter” CCH pattern’s superior match with

the benchmark in Figure 12. Under the CCH, the one-quarter SAVD value of 6.5 is half the

size of the lowest SAVD reported in Part 1 of the table. The SSD minimum value of 7.1 for

the “one-quarter” CCH pattern is just over one-fourth the size of the lowest SSD in Part 1.

The CCH one-quarter pattern also outperforms the “neoclassical” NRFI patterns in Part 2

by wide margins. These substantial improvements in “fit” reinforce the visual evidence in

Figures 10 through 12.

The impressive performance of the CCH implies that much, perhaps most, of the persis-

tence in the investment accounts can be explained as complementary interactions between

structures and equipment. A key building block of the Austrian theory–the emphasis on com-

plementary relationships among different types of capital–explains the lengthy investment-

spending lags estimated by neoclassical econometric models of the investment-spending

process. Neoclassical theory does not have a persuasive explanation of these lags. Austrian

theory does.

the sum of the absolute value measure. The next contribution to SAVD, at Quarter 1, will be |3.9−8.9| = 5.0.
The corresponding contributions to SSD will be (1.45)2 = 2.105 at Quarter 0, and 52 = 25 at Quarter 1.
Proceeding in this way and summing across quarters yields the values in Table 3.
36 Part 4 of Table 3 measures the match between the structures-survey pattern and the structures benchmark.
Results show the best-performing patterns assume either three (using SSD) or four (using SAVD) quarters of
starts persistence.
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10. Summary and conclusion

This paper has presented empirical evidence supporting the Austrian perspective that types
of capital goods matter, and matter crucially, to the behavior of cyclical forces in the U.S.

economy. Using highly-detailed Department of Commerce survey data capturing the pace at

which nonresidential buildings are constructed and completed over time, this paper argues

that the long distributed lags estimated in neoclassical empirical studies of the fixed invest-

ment sector are best explained in Austrian terms–through an emphasis on complementary

relationships prevailing between structures and equipment. In neoclassical macroeconomics,

such interactions between components of the fixed-capital sector are assumed to be insignif-

icant. On the contrary, empirical evidence presented here suggests that such interactions

are fundamental to understanding the cyclical behavior of investment expenditures–a vital

problem in business-cycle theory.

Austrian macroeconomics has long emphasized complementary relationships among types

of capital, while neoclassical macroeconomics has mostly ignored these relationships, both

in theory and in most empirical work.37 Still, in a sense, findings presented above are as

much neoclassical as Austrian in their implications. In microeconomic theory, all schools of

thought recognize that complementary (and substitute) relationships exist between types of

goods, and that often such relationships are crucial to understanding economic phenomena.

What is surprising about neoclassical macroeconomics is that, despite its emphasis in recent

years on building macroeconomic models based on microeconomic theory, the very basic

microeconomic idea of capital complementarity has yet to be integrated into the neoclassical

macroeconomic paradigm. The evidence presented above suggests that doing so can yield new

insights into why investment has such a time-intensive response to changes in its determinants.

Such understanding, in turn, can contribute to greater comprehension of the economy’s

cyclical forces. The concept of the “capital structure” associated with Austrian business-cycle

theory, would seem to be a key missing link that is essential to an understanding of the complex

dynamics of the fixed-investment sector and its implications to macroeconomic forces.

11. APPENDIX: ABBREVIATIONS OF KEY CONCEPTS

K∗ Desired Capital Stock

“Structures” (NRS) Real Expenditures on Nonresidential Structures

“Equipment” (PDE) Real Expenditures on Producers’ Durable Equipment

CSD Construction Statistics Division, U.S. Department of Commerce

NIPA National Income and Product Accounts

NRFI Real Nonresidential Fixed Investment

(“Structures” + “Equipment”)

CCH Capital Complementarity Hypothesis

SAVD Sum of Absolute Values of Deviations

SSD Sum of Squared Deviations

37 Mainstream theorists have recognized the significance of the investment-spending lag and have even as-
sociated the inevitable time-intensiveness of many investment projects with “the weighted average interval
between the monetary change and the effects” (Friedman 1969, Ch. 11, p. 256). However, there has been
little following-through with the promise of such ideas; for example, Friedman’s macroeconomics theory as
represented in his most famous papers is squarely labor-based (e.g., Friedman 1968; see also Garrison 2001,
Ch. 10). Moreover, disaggregation of the capital stock and the associated notion of complementarity remains
unrecognized as a significant force in monetary/business-cycle theory.
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