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Abstract

A prototypical vintage capital model of economic growth is developed, where the
decision to replace old technologies with new ones is modeled explicitly. Technological
change is investment specific. Depreciation in this environment is an economic, not
a physical, concept. The vintage capital economy’s balanced-growth paths and
transitional dynamics are analyzed. The transitional dynamics are markedly different
from the standard neoclassical growth model. © 1997 Elsevier Science B.V. All rights
reserved.
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1. Introduction
1.1. Observations

Consider the following observations about capital accumulation in the US
economy:

1. Investment at the plant level occurs infrequently and in bursts. A recent study
by Doms and Dunne (1994) of 33,000 plants over a 17-year period confirms
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Fig. 1. Investment spikes.

this picture. Fig. 1 presents some of their findings. Denote the date of
a plant’s highest rate of investment by ¢. The figure plots the average rate of
investment at this date. It also shows the average rate of investment for the
two previous and subsequent years. Investment has a distinct spiked pattern.
When attention was restricted to the 13,000 plants that were around for the
entire 17 year sample period, they found that 25% of a plant’s investment was
concentrated in a single year, and about 50% was concentrated in 3 years.'
2. Technological progress is investment specific; that is, technological progress
is embodied in the form of new capital goods. This is evidenced by the fact
that the relative price for (an efficiency unit of ) equipment has declined fairly
steadily and rapidly in the postwar US economy. Thus, over time a unit of
forgone consumption can buy ever-increasing quantities of equipment. Fur-
ther, the ratio of equipment to output has increased steadily. These facts have
been used by Greenwood et al. (1997) to argue that as much as 60% of
postwar US growth can be accounted for by investment-specific technological

! Recent empirical work has further clarified the pattern of investment at the level of the plant or
firm: (i) Abel and Eberly (1996) find significant nonconvexities in firm-level investment, (ii) Caballero
et al. (1995) report evidence of irreversibilities in plant-level investment, and (iii) Cooper et al. (1995)
find that lumpy investment at the plant level is more likely to occur the older is the existing capital
stock.
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progress. Additionally, there is microeconomic evidence that investment-
specific technological progress may be important for growth. Bahk and Gort
(1993), using a cross section of more than 2000 firms from 41 industries, find
that a one year change in the average age of capital is associated with
a 2.5-3.5% change in output. These facts suggest that a successful model of
capital accumulation should treat the investment and consumption goods
sectors separately, and should link the process of growth with investment in
new technologies.

3. Employment and investment are related. Dunne 1994, (Table 3 and 4) finds
that firms using the newest technology have more employees. Employment at
the plant level is a n-shaped function of age; employment increases during
the first five years of a plant’s life and decreases thereafter, a fact documented
by Davis et al., 1996 (Table 3.5). Employment is less, therefore, when tech-
nologies or plants are old.

These observations suggest that a successful model of investment will have to
be of the vintage capital variety. Moreover, the observations on plant-level
employment behavior suggest that standard putty-clay models will not be
adequate to capture employment dynamics. In this paper a vintage capital
model is developed that is consistent with these observations. The vintage
capital framework naturally suggests certain questions: What determines the
efficiency of new capital goods? When do new vintages of capital get adopted
and old ones get replaced? How is economic growth tied to the decision to
replace old capital goods with new ones? How effective are policies designed to
stimulate the adoption of new capital goods? Are the dynamics of a vintage
capital economy much different from the standard neoclassical growth? These
questions are addressed here.

An economy is developed where technological change is embodied in new
capital goods. The firm in the model economy must decide when to replace its
existing capital with a new vintage. Investment is a lumpy decision and deprecia-
tion 1s an economic concept, not a physical one. The firm produces consumption
and investment goods using capital and two kinds of labor, designated as skilled
and unskilled. A distinguishing feature of this environment is that growth results
from the ability to produce evermore efficient capital goods. This occurs because
skilled agents in the economy make continuing investments in human capital. In
this setting, the age distribution of the capital stock, economic growth, and the
distribution of income between skilled and unskilled workers are endogenously
determined. Also, the relative price of new capital goods declines, and the
capital-to-income ratio increases, over time. In addition, the economy has
a government which taxes factor incomes, offers tax credits for new investment,
and rebates its net revenues to households.

Clearly, the incentives to develop (through R&D) and to adopt (through
replacement) more efficient capital goods will be integrally connected. Therefore,






