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incorporating them into an empirical model by imposing a restrictive structure on that model
can reduce, not increase, a modelÕs ability to accurately capture the behavior of investment
expenditures.4 For example, it is difÞcult to argue that Þrms would be particularly good at
anticipating future tax changes over much of the period studied here. A reading of KopckeÕs
(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 difÞcult to anticipate even by
ÒrationalÓ Þrms.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 difÞcult to forecast accurately, then the question of ÒrationalityÓ of forecasting method
is less signiÞcant. A similar argument might be made for ÞrmsÕ ability to accurately forecast
future long-term interest rates.6

JorgensonÕs careful attention to the theory of the ÞrmÕs 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 investmentÕs 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 modelÕs 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 ÒrationalÓ 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 acquiringand processinginformation.
Austrian economists have been especially cognizant of such problems (cf. Garrison 2001, Ch. 2). There also
are well-known modeling tradeoffs: No ÒrationalÓ expectations model of the investment process has yet been
constructed that matches JorgensonÕs model merely in incorporating separately all of the different types of
taxes facing the business Þrm in the real worldÑa 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 ÒleversÓ affecting the cost of capital to business,
making it difÞcult for business to anticipate the ÒmixÓ of tax changes that would be adopted the Federal
government. In at least Þve 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 Þve 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. TheempiricalsigniÞcance
of ÒrationalÓ expectations forecasting seems less in such a ÒnoisyÓ tax-policy environment.
6 The lessons of the 1970s, where simple ÒadaptiveÓ expectations formulations of inßationary expectations
were found to be wanting, should be applied to the Jorgenson framework with caution. The ÒadaptiveÓ
expectations framework seeks to forecast future inßation purely on the basis of past values of inßation, leaving
out many important factors likely to be known by forecasters and used to improve on adaptive forecasts. By
contrast, JorgensonÕs framework includes current and past values of most of the crucial variables likely to
affect a ÞrmÕs investment decision. This is quite a bit more sophisticated than ÒadaptiveÓ expectations. Many
of the factors necessary to form a ÒrationalÓ presentationare present in the Jorgenson framework, albeit in
unstructured form.
7 In his review of econometric studies of investment, Jorgenson stated that Òthe most important current prob-
lem is the integration of the time structure of the investment process into the representation of technologyÓ
(Jorgenson 1971, 1142). The problem has yet (2006) to be resolved (it is hoped that the present paper is a
step towards a resolution). Olineret al. (1995) compare the empirical performance of JorgensonÕs approach
with other, more recent ÒEuler equationÓ models that present a uniÞed theory of capital-goods demand and
the time structure of investment spending in an explicit ÒrationalÓ expectations framework. Olineret al.Þnd
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,
TobinÕs ÒQÓ) that also do not model the time structure theoretically (e.g., Bernankeet al.1988; see also Naylor
1985).
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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, producersÕ durable equipment [PDE]

Figure 1 gives results for nonresidential structures (abbreviated below as Òstructures,Ó or, in
the Figures, as ÒNRSÓ]. Structures are factories, ofÞce buildings, gasoline stations, malls, etc.
Figure 2 gives Þndings for producersÕ durable equipment (abbreviated below as Òequipment,Ó
or, in the Figures, as ÒPDEÓ]. ÒEquipmentÓ denotes basically all business equipment. Each
graph depicts a series of econometrically-estimated coefÞcients representing the time path
followed by investment spending in response to a change in capital-goods demand. Actual
estimated coefÞcients are not presented; instead, the size of each coefÞcient relative to the
sum of all coefÞcients is given (thus coefÞcients 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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Fig. 3 Progress patterns, six size categories, 1990Ð91

high proportion of value put into place occurs in the early months. Smaller projects play a
signiÞcant, even dominant, role in determining the aggregate survey patternÕs 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 1990Ð91 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 1961Ð91 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 Òtime-to-build,Ó taking this term literally to mean Òtime-to-physically-construct.Ó 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 1961Ð91
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 Òtime-to-buildÓ deÞned strictly, and how much is due to other mechanisms making up
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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 poorÐor
at least seriously incompleteÐguide 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 Þll 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 betweentypesof capitalÐin 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 Þrst 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 1961Ð91 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 producersÕ 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.
Thiscapital 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-structurescompletion patterns(discussed earlier in
Section 3) furnish detailed information about how completions of structures evolve following
their start of construction (i.e., following ÒgroundbreakingÓ). Like the CSD progress-pattern
surveys, completion-pattern surveys are based on samples of many thousands of projects,
and are value-weighted to reßect 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 Þxed-price contract basis. These are counted like structures, on
a value-put-in-place basis.
31 The completion-pattern surveys cover 1961Ð69, 1970Ð71, 1976Ð77, 1978, 1979, 1980, 1982Ð83, and
1990Ð91. 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 signiÞcant additional factor, worthy of separate study, about which this paper can provide no
information. Since the attempt here is to Òmatch upÓ survey-based patterns with econometrically-estimated
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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 ÒNeoclassicalÓ
(ÒTime-To-BuildÓ) 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 Þgures, 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 signiÞcant development. As previous sections have
emphasized, starts persistence beyond a certain point isad hocand 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 CCHendogenizesstarts 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 ÒÞtÓ in the Þgures 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 ÞgureÕs 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 Ò3 Quar-
tersÓ CCH survey pattern in Figure 12. At Quarter 0 along the horizontal axis, the Ò3 QuartersÓ 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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