Figure 3: Labor Re-allocation in Response to a Technology Shock in 3 Vintage Model
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Figure 4: Labor Re-allocation in Response to a Single Technology Shock in 12 Vintage

Model
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the sequence of five disembodied shocks, a consumption boom occurs in the 3-vintage
model that lasts five periods (years) with little evidence of a subsequent investment
boom. However, in the 12-vintage model, there is a clear humped-shaped investment
boom, with little evidence of a subsequent consumption boom.

These results for disembodied technology shocks suggest that the service life of
capital equipment significantly affects the characteristics of disembodied-technology
driven business cycles. In particular, if this service life has decreased in recent years
(as seems consistent with the BEA data on capital equipment described in the in-
troduction), then disembodied shocks of a given size would be associated with a
lower variance of investment and output than before. This would tend to reduce
the volatility of output in recent years. But output may have become more volatile
if the technology shocks of the 1990s were better characterized as improvements in
embodied technology.

The data from 1991 to 1999 suggests an increase in the investment-output ratio.”
In terms of our model’s predictions, the shift to shorter-lived capital is dominated by
the preponderance of improved technology in capital equipment.

The last panel of Figures 5 and 6 show how labor hours respond to the sequences
of technology shocks. In both the 3- and 12-vintage models, labor hours increase in
response to both kinds of shocks, but the responses to embodied technology shocks
are much larger than the responses to the disembodied shocks. The effects of the

shocks persist longer in the 12-vintage model than in the 3-vintage model.

"Using the output of consumer nondurables and services from the NIPA accounts to represent
consumption and private fixed investment from the NIPA accounts, we find that from 1991 to 1999,
private fixed investment grew by an average of 6.6 percent per year while consumption grew by 3.3
percent, implying an increase in the investment-output ratio.
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Figure 5: The Effect of A Sequence of Technology Shocks in the 3 Vintage Model
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Figure 6: The Effect of A Sequence of Technology Shocks in the 12 Vintage Model
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4.3 The Effects of a Change in the Persistence of the Tech-

nology Shock

In this exercise, we look at the effects of varying the persistence of the shock
processes. We show the results for the 12 vintage model. (The responses in the 3-
vintage capital model are similar, though there are differences in amplitude.) We use
the standard deviation of the technology shock equal to 0.0035% and set the persistence
parameter to equal one of three values: 0, 0.5, and 0.9 for both the disembodied and
embodied technology shock. The results are shown in Figure 7.

When the persistence parameter equals 0, both disembodied and embodied tech-
nology shocks lead to an investment boom, as a short-lived shock means that the
substitution effect dominates the wealth effect. The economy will respond in the
same direction to both disembodied and embodied technology shock. A positive
technology shock increases the marginal product of vintage capital, but in different
ways. The disembodied technology shock will increase the marginal product of all
vintages, while the embodied technology shock increases the marginal product of only
the latest vintage. However, the benefit of the embodied technology shock is realized
over time as the capital ages. This feature induces a larger response of agents to
embodied technology shocks than to disembodied technology shocks.

As we increase the value of the persistence parameter to 0.5 and then to 0.9, the
wealth effect comes to dominate the substitution effect. With 0.5 persistence, the
wealth effect will dominate the substitution effect in the first period of the technology

shock. The consumption boom will occur in the first period. With 0.9 persistence,

8The roughly average of the standard deviation in both disembodied and embodied technology:
Om = 0.00303, OAGHK = 0.004107 and OA,ORTHO = 0.003565)
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Figure 7: The Effect of Varying the Persistence of the Technology Shocks
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the consumption boom lasts longer. Hence the value of the persistence parameter
plays a role in determining whether the economy experiences a consumption boom or
an investment boom. Comparing the results from the 3 and 12 vintage models, the
value of the persistence parameter at which the economy changes from an investment
boom to a consumption is always lower in the 3-vintage model than in the 12-vintage
capital model. For the same persistence of the technology shock, agents benefit more
from investing in the 12-vintage model than in the 3-vintage model.

As the substitution effect dominates the wealth effect at first, labor hours initially
will decrease in response to both disembodied and embodied technology shocks (see
Figure 7E and 7F). After that, the substitution effect will dominate the wealth effect,
and labor hours will increase; so will the saving rate. The responses to the embodied
technology shock are larger (more volatile) than to the disembodied technology shock,
because the marginal return to investing in the newest vintage capital is higher in the
case of the embodied technology shock than in the case of the disembodied technology
shock. Hence both the number of vintages of capital and the amount of persistence
in the technology shock can alter the way in which the economy responds to the

technology shock.

5 Conclusions

This paper examines how the economy responds to embodied and disembodied
technology shocks.  Using data on productivity growth over the 1965-2006 period,
we have shown that the two different kinds of technology shocks lead to different

responses in consumption and investment. The number of vintages of the capital
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good and the sequence as well as the persistence of the technology shock can make
a difference. In the case of an embodied technology shock in the 3-vintage model,
the substitution effect tends to dominate the wealth effect as long as the shock is not
very long lived, leading to an investment boom. But a consumption boom results
from a disembodied technology shock, as the wealth effect dominates the substitution
effect. The response of labor hours depends on which of the effects dominates. This
is reinforced by the production process; when investment goes up, so do labor hours.

Usually, the embodied technology shock leads to responses that are more volatile
(higher magnitude) when compared with the responses to the disembodied technology
shock. The embodied shock leads to higher volatility because a single positive shock to
embodied technology raises the productivity of the latest vintage of capital relative
to past vintages; since the only way to benefit from this higher productivity is to
have more of the latest vintage, investment will go up. It is the opposite with
the disembodied technology shock. The disembodied technology shock will affect all
vintages of capital equally, so it does not motivate agents to invest more in the latest
vintage capital. The number of vintages also turns out to be a determinant of how the
economy responds to a technology shock, with the economy that has more vintages
of capital responding more to a given technology shock than an economy that has
fewer vintages.

These two factors have opposite implications for the volatility of economic fluc-
tuations in recent decades. If, as seems likely, the service life of capital has been
decreasing (which means that the number of vintages in use at any point has been
decreasing) with embodied technical progress, the economy should be becoming less

volatile over time. In particular, the economy should react less to a given shock to

39



disembodied technology. But if embodied technology shocks become more common—
as is likely to have been the case during the 1990s-the economy is likely to become
more volatile. It is worth exploring which of these effects will dominate in future

research.
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