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Abstract
Due to embodied technological progress new generations of capital goods are more productive.
Therefore, in order to study the effects of technological progress, a model must be analyzed in which
different generations of capital goods can be distinguished. We determine in what way the ﬁrm adjusts
current investments to predictions of technological progress. In the presence of market power we show
that a negative anticipation effect occurs, i.e. current investments in recent generations of capital goods
decline when faster technological progress will take place in the future, because then it becomes more
attractive to wait for new generations of capital goods. In case that only investments in new machines
are possible, actually a whole wave of anticipation phases arises.
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1. Introduction
This paper studies the effect embodied technological progress has on the ﬁrm’s capital
accumulation process. Embodied technological progress implies that capital goods of later
date are more productive. In order to analyze the implications of this feature, a model must
be built in which capital stocks of different building years can be distinguished. To do so
a vintage capital goods model is developed in which capital goods of younger vintages are
more productive.
In a vintage capital goods model productivity of a capital good is completely determined
by its age and the year in which it actually operates. In view of technological progress,
productivity increases with time, for capital goods of a given age. On the other hand, over
time workers get more experienced in working with the same machine over the years,
so that the productivity per machine increases with age. For example, due to a learning
curve the LCD industry experiences a so-called ramp up time (time needed to start up a
production line) with a strongly increasing yield (amount of good products relative to the
total amount of products) in the ﬁrst quarters after the start of production. Hence, a trade-off
arises: new machines are relatively productive, because they embody superior technology,
but due to learning effects it can still happen that working with old machines leads to higher
productivity than working with new machines.
Technological progress is increasingly embodied in new capital goods (see [14]). To illustrate, Gordon [18] has shown that the relative price of capital has declined fairly steadily
and rapidly in the post-war US and other economies. Moreover, Greenwood et al. [19]
found that embodied technological progress is the main driver of economic growth. They
discovered that in the post-war period in the US about 60% of labor productivity growth
was investment-speciﬁc. A main example is information technology as noted by Yorokoglu
[32, p. 552]: “Information technology capital has a very high pace of technological improvement. Compared with more traditional types of capital, the efﬁciency of information
technology capital has increased much faster over the last few decades. As an example,
consider the market for personal computers. IBM introduced its Pentium PCs in the early
1990s at the same price at which it introduced its 286 PCs in the 1980s. Therefore it took
less than a decade for the computing technology to improve on the order of 20 times in
terms of both speed and memory capacities, without increasing the cost”.
In Chari and Hopenhayn [13] three questions are posed: (i) why are new technologies often
adopted so slowly?, (ii) why do people often invest in old technologies even when apparently
superior technologies are available?, and (iii) how are decisions to adopt new technologies
affected by the prospect that even better technologies will arrive in the future? To answer
the second question, the work by, e.g., Solow et al. [27], Malcomson [24], Benhabib and
Rustichini [3], and Boucekkine et al. ([6–9]) cannot be used, because there it is only possible
to invest in the newest generation of capital goods. The common denominator of the just
mentioned contributions is the application of delayed differential equations. Using partial
differential equations for the analysis of vintage capital we were able to answer Chari and
Hopenhayn’s second question, because this allowed us to explicitly introduce the possibility
of investing in older capital goods, thus in non-frontier vintages (see [16]). In that paper it
was found that investing in older technologies can be preferred because older technologies
are cheaper, due to experience effects it is easier to implement them, and due to learning

