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A major goal of macroeconomic research for the past three
decades has been the integration of macroeconomics and
microeconomics. Work aiming to reach that goal has taken two related paths. One type of work has tried to give
theoretical macroeconomic models firmer microeconomic
foundations. The other has tried to use microeconomic data
sets to construct and parameterize macroeconomic models.
An example of this second type is Kydland and Prescott's
(1982) classic Econometrica article, 'Time to Build and
Aggregate Fluctuations." In that article, Kydland and Prescott specify the investment gestation lags in a macroeconomic model based on published studies of major investment projects.1
According to these studies, investment projects have
two noteworthy features. One is that they usually require
more time to complete than the quarterly time period in a
typical macroeconomic model. This time-to-build feature
of investment projects is emphasized by Kydland and Prescott (1982). The other noteworthy feature of investment
projects is that they typically begin with a lengthy planning phase, during which architectural plans are drawn up,
financing is arranged, permits are obtained from various
local authorities, and so on.2 While these are important activities that can involve some high-priced talent, the actual
resource cost of this phase is small in relation to the overall cost of investment projects. The really resource-intensive phase, when physical construction actually occurs,
begins later. The planning phase is typically quite long. Of
the total time from a project's conception to its comple14

tion, on average, about a third is spent in the low resource
use planning phase.3
Our investigation of these features of investment projects reveals that they have substantial business cycle implications. But it is the planning phase that is particularly
important. The fact that investment projects take time per
se has relatively modest implications for business cycle
dynamics. That is documented by Kydland and Prescott
(1982). They compare a model that has a four-quarter

*Christiano acknowledges the financial assistance of the National Science Foundation.
1
There are other examples of this type of research. Microeconomic evidence on
the heterogeneous earning experiences of different households has been used to restrict
macroeconomic models with limited insurance and idiosyncratic income uncertainty.
Microeconomic studies of the degree of risk aversion of households, their labor supply
elasticities, and their activities in the home have been used to restrict the parameters of
utility functions in macroeconomic models.
2
Our analysis is based on a review of the principal source cited by Kydland and
Prescott 1982—Mayer 1960—as well as of Kramer 1968. These articles analyze the
results of questionnaires about major capital projects undertaken by industrial firms.
Complementary evidence on the planning period for investment projects appears in a
study by Jorgenson and Stephenson (1967). They examine time series data on gross investment for 15 industries and find (1967, p. 17) that "investment expenditure lags behind its determinants by six to 12 quarters . . . on the average."
3
For example, Krainer (1968) finds that expenditures on major investment projects
exhibit the classic S-curve shape, with very low expenditures initially. He studies 25
projects, mostly 1-2 years in duration. In all these projects, in the first three months,
less than 5 percent of the total project cost was incurred. In 18 of them, that portion
was actually less than 2.5 percent. Krainer's results understate the length of the planning period because he dates the conception of a project with its approval by a company's board of directors. Presumably, much planning has already been done for a project
before that point. Mayer (1960) dates the start of a project by the first drawing up of
plans. In Mayer's (1960) data, on average, projects took 22 months, with the first 7
months being the preconstruction planning phase.
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time-to-build technology but no planning period (in which
the investment costs are spread evenly across the four
quarters) with a model that has a one-quarter time-to-build
technology. They report that, for the most part, the business cycle implications of these two specifications are
very similar.4

Overview
We will show that the planning phase of business investment helps account for at least three key features of business cycles: their persistence, the fact that productivity
leads hours worked over the business cycle, and the fact
that business investment in structures and business investment in equipment lag output over the business cycle.

Persistence
The persistence of business cycles refers to the fact that
when the growth of output is above average, it tends to remain high for a few quarters, and when it is below average, it tends to remain low. A statistic for measuring persistence of output is the first-order autocorrelation of the
growth of gross domestic product (GDP), that is, the correlation of GDP growth in one quarter with its growth in
the preceding quarter. That autocorrelation in postwar U.S.
data is 0.37.
The only way standard real business cycle models can
account for this degree of persistence is by assuming persistence in the growth rate of the disturbances, or shocks,
that drive the business cycle. For example, Christiano
(1988) documents that the first-order autocorrelation of
equilibrium GDP growth in a standard model (with oneperiod time to build) corresponds roughly to the autocorrelation of the growth rate of the exogenous shock to the
level of technology. The fact that standard models require
persistent shocks to account for persistence in output is
said to reflect the fact that the models are missing some
important internal propagation mechanisms (Rouwenhorst
1991, Watson 1993, Rotemberg and Woodford 1994, and
Cogley and Nason 1995).
Enhancing internal propagation in models requires incorporating real-world features that have the effect of delaying the response of factors of production to the primary
underlying shocks. We argue that, depending on the exact
source of the shocks, the investment planning period can
be such a feature.5 The need for a time-intensive, but low
resource-using, planning phase at the start of new investment projects implies that the flow of resources into investment cannot be quickly changed, regardless of the type
of shock. For shocks that are transmitted to factors of pro-

duction primarily by changes in investment, the delay in
the response of investment translates into a delay in the
response of factors of production. The technology shock
in standard real business cycle models is such a disturbance. In this type of model, there is no planning period
and hours worked responds positively to a positive technology shock. An important motivation underlying this
work response is households' incentive to accumulate the
investable resources they need to exploit the high rate of
return on investment associated with a positive technology
shock. By eliminating this incentive, incorporating a planning period into a standard real business cycle model has
the effect of delaying the hours-worked response to a technology shock.
Incorporating the planning period does not have the effect of delaying the response of factors of production to
every kind of shock. For example, if shocks to government
consumption are temporary, the optimal response to such
a shock in a standard real business cycle model is to let
investment drop in order to absorb the rise in government
consumption. This drop in effect allows households to insulate the response of hours worked and consumption from
the shock. But when there is a planning period, investment cannot play this role, so hours worked must rise substantially in the period of the shock to avoid a substantial
crowding out of consumption. Thus, for this kind of shock,
incorporating the planning period into the model actually
enhances the response of hours worked.6
In our analysis, we use variants of the Christiano and
Eichenbaum (1992) model, which includes both technology and government consumption shocks. In that model,

4
The primary effect of time to build in Kydland and Prescott's (1982) model is to
make the capital stock lag output over the cycle, so that its correlation with output turns
negative. Rouwenhorst (1991) also argues that the business cycle implications of Kydland and Prescott's time-to-build specification are not substantial.
5
Other features have been analyzed too. For example, search models of the labor
market emphasize the time-intensive nature of finding and changing employment. For
that type of study, see Mortensen 1992; Andolfatto 1993; Ljungqvist and Sargent 1995;
and Merz, forthcoming. Financial market frictions explored by Fuerst (1992), Fisher
(1994a), and Christiano and Eichenbaum (1995) also have the effect of delaying the
response of factors of production to shocks. Other discussions of the implications for
persistence of limitations on the ability of labor and capital to respond to shocks are investigated by Burnside, Eichenbaum, and Rebelo (1993); Burnside and Eichenbaum
(1994); Boldrin, Christiano, and Fisher (1995); and Christiano and Fisher (1995).
6
Though we have not explored this formally, this reasoning suggests that we would
see a different result for government consumption shocks which are even more persistent than in our model. Then households would have a motive to actually build up capital in the period of the shock. Using the same reasoning used to understand the impact
of the planning period with the technology shock, we conjecture that the effect of the
planning period with highly persistent government consumption shocks would be to delay the response of hours worked.
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