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Abstract

Technological change is one of the major sources of economic growth and fluctuations. How-
ever, scientific innovations and findings do not always imply economic innovations and technological
progress. If firms in an economy do not adopt new technologies, the productivity in the economy
does not increase even when scientific knowledge accumulates rapidly. Productivity grows stagnant
when the agents with advanced technologies fail to start up their businesses. Therefore, technology
adoption is a key element in understanding the relationship between technological advances and eco-
nomic activities. This paper studies the macroeconomic factors influencing technology adoption. As
a result, we show that asset prices play a crucial role in adopting new technologies: higher prices
tend to deter adoption, and vice versa. This suggests that adoption is less active in a period of high
asset prices (asset bubble period) than in the period of lower prices (the post-bubble period). Active
technology adoptions after the bubble contribute to productivity growth in the recovery period. This
is consistent with recent empirical investigations into the Great Depression. The role of financial
intermediaries in technology adoption is also investigated.
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1 Introduction

Technological changes play a key role in models of long-term economic growth and short- or medium-
term economic fluctuations. ' However, scientific findings and innovations do not always imply techno-
logical progress in economic activities. In order for new technologies to contribute to production, they
must be adopted by economic agents, typically by firms. Needless to say, scarcity of resources, which
can be employed for by new technologies, and profitability, which can be increased by new innovations,
have been the main engines of technology adoption. For example, although the power of steam was
fully understood in ancient Egypt, it was not used for production since slave labor was abundant. Even
nowadays, some of the new scientific innovations have no immediate impact on the real economy. There-
fore, technology adoption is as important as, or even more important in some senses than technological
advances or changes in an economy.

In the mainstream approach technologies are assumed to be “disembodied” into capital. In other
words, any kind of technology can be introduced into the existing capital in use. Therefore, it is natural
to assume that firms adopt new technological innovations constantly and continuously. However, some
technologies are “embodied” into capital equipment, and hence those technologies cannot be introduced
without abandoning old capital. This important feature of technology adoption is known as vintage
capital, which was first analyzed in economic growth thanks to seminal contributions by Solow (1957),
Johansen (1959) and others.

The idea of vintage capital makes it possible to clarify the difference between technological changes
and technology adoption. Without any technological advances, technology adoption has no role to play.
Without its adoption into economic activities, on the other hand, technological progress cannot contribute
to overall economic development. However, the recent literature on economic growth and fluctuations
focuses mainly on progress rather than on adoption. In contrast, this paper follows the research line of
vintage capital to investigate the macroeconomic factors influencing technology adoption as well as the
effects of technology adoption on economic growth and its fluctuations.

According to the microeconomic analysis of vintage capital, equipment that no longer earns quasi-rent
should be scrapped, and new machines with breakthrough technology should be introduced. With con-
stant technological progress, the machines continually become obsolete. The lifetime of machines depends
only on the rate of technical progress: the higher the rate, the shorter the lifetime. At the macroeconomic

level, however, due to resource constraints the new technologies are not introduced instantaneously, and

1The concept of “technology” includes broad notions in science, research, development, funding, discovery, experience,
and skill, etc.



hence the old machines, which become obsolete only if the new machines are scrapped. The purpose of
this paper is to highlight the macroeconomic factors influencing technology adoption.

For this purpose, instead of assuming that a single firm has different vintages of capital, we assume
that the economy is a continuum of firms, each of which has one particular vintage of capital. Put it
differently, the economy as a whole consists of different capital vintages. New firms surely have the
latest technology because they have no incentive to enter the market with old technologies. Therefore,
introducing new technologies and scrapping old ones takes place largely through the entry of new firms
and the exit (or bankruptcy) of old ones. To highlight the macroeconomic aspects of technology adoption,
some productive resources or structures such as land are assumed to be exogenously given in the model
in this paper. This assumption implies that some resources do not become available to potential entrants
except by the retirement of incumbent firms. During boom periods even firms with old technologies can
continue to earn profits, and hence those firms do not go bankrupt and do not release their productive
resources for use by others. During recessions, by contrast, firms with relatively new technologies might
go bankrupt. As a result, many new firms come into existence, which implies that massive adoption of
new technologies takes place during economic slumps.

The idea in this paper that technology adoption becomes active in recessions is similar to “the cleans-
ing effect of recessions” in Caballero and Hammour (1994) that show that old machines are scrapped
intensively in hard times. In contrast to their analysis, however, we assert that asset prices play a crucial
role in the determination of scrapping old technologies and introducing new ones in our model. In other
words, this paper sheds light on a different channel leading to the cleansing effect of recessions. A sharp
decline in asset prices in recessions forces firms to declare default, which in turn makes the resources
owned by such firms available to potential new entrants. Hence, many new firms appear with advanced
technologies in the economy. This can be a driving force for economic recovery from recessions. On the
other hand, higher asset prices help the incumbent firms with low profitability to survive, and hence
discourage the technology adoption during booms. These countercyclical movements of technology adop-
tion are also verified by the recent empirical studies of Gittleman et al. (2006) which estimate the age
structure of capital based upon a vintage model. Gali and Hammour (1991) document the supporting
empirical evidence for the cleansing effect of recessions.

The results in this paper are also consistent with historical events. For example, the fact is clear
from such empirical investigations as those of Solow (1957), Kendrick (1961) and Gordon (2000) that
productivity growth rates are high during the Great Depression of the 1930s. Recently, reinvestigating

numerous former studies, Field (2003, 2006) emphasizes that the productivity growth rates in terms both



of total productivity and of multifactor productivity in the 1930s are the highest throughout the 20th
century in the United States. Following Field’s research, Alexopoulos (2006) creates and uses new indica~
tors to measure US productivity growth in the 20th century, and verifies Field’s findings. In addition, she
shows that the productivity slowdown was not a factor in the sharp decline in output during the Great
Depressions although massive innovation activities after 1933 were major factors in the US economic
recovery from the Depression. Shared by various researchers such as Mensch (1979), Kleinknecht (1987),
and Mowery and Rosenberg (2000) is the view affirmed here that accelerated technological advances
contributed to the rapid recovery. Although it is not our main purpose, the model in this paper gives a
theoretical explanation for the scenario proposed by Alexopoulos and others.

The rest of our paper is organized as follows. Section 2 sets up the model and characterizes an within-
period equilibrium. Section 3 investigates the macroeconomic factors (especially asset prices) influencing

technology adoption. Finally, section 4 provides some concluding remarks.

2 The model

2.1 The environment

Consider an economy consisting of continuum of firms, each of which has one particular vintage
technology for production. In the economy, the level of frontier technology w; grows at the constant
rate y(> 0), thus w; = wo(1 + )% 2? Hence newly-entering firms have the latest (therefore, the most
productive) technology of the period. Once the firms introduce their technologies, their technology levels
(therefore, their productivity) are not influenced by future technological changesd Thus, as the level
of innovative technology rises, technologies that have been embodied into existing capital become old
and less productives. 2 Economy-wide productivity can increase only through the introduction of new
technologies into production. *

The economy has one final good and two productive resources (asset and labor). The productive

resources are used for the production of goods, and the asset does not depreciate over time ensuring a

fixed amounts of supply A. The final good produced by firms fully depreciates within a period.

2This model does not consider endogenous technological progress. Our objective is not to explain technological progress
in a economic system but rather to investigate the macroeconomic factors influencing technology adoption.

3Bahk and Gort (1993)0 Power (1998), and Jensen et al. (2001) investigate the relationship between the volume of
output or labor productivity and the ages of firms, and conclude that the productivity of young firm is higher than that of
the old ones.

4We do not consider the case in which the firms replace old technologies with latest ones. We can exclude such a case
by assuming that the replacements would incur enormous outlays. Cooley et al. (1997) and Zou (2006) study a vintage
model in which firms can invest not only new vintage technology, but also existing one.



2.2 Introduction of new technologies

Each period new firms appear with the latest technology w;, and each production requires A units
of asset and one unit of labor as productive resources. The new firms try to set up their businesses by
introducing the newest technology. However, since they have no initial endowment, they must raise funds
to purchase the needed productive resources. In addition, a set up cost w;¢ is needed when they introduce
the newest technology into the production process. The ¢ is distributed between 0 and 4137 following the
cumulative distribution function F(¢), which implies that the firms with low ¢ have potentially high
abilities. Since these costs are supplied by a financial intermediary requiring an expected rate of return
R(> 1) which is exogenously given, ® the newly-entering firms can raise funds by making a one-period’
financial contract with the intermediary. The firms that have succeeded in setting up their bussinesses
produce 6;w; units of final goods using their technologies. Here 6; represents an aggregate productivity
shock that includes monetary, fiscal and other various factors. We take the random variable 6 to be i.i.d.
with a mean 6.

Each of newly-entering firms must satisfy the following condition to set up a business in Period ¢,
Ow; + PELA > R(PA + Wi(wp) + wih), (1)

where P, Pgrl, W, and 6 denote asset prices, expected asset prices, a wage rate, and an expected
aggregate productivity in Period t. ¢ Here we assume that the wage rate W; grows with the firm’s
technological progress. The left-hand side (LHS) of the equation represents expected profits obtained
from undertaking productions while the right-hand side (RHS) represents the debts with interest, i.e.,
Eq.(1) is the lender’s incentive constraint. 7 Letting ¢, (E 1/wy {[G_wt + Pt]f_l/ﬂ/R — PA-W, (wt)})
be the maximum level of ¢ that satisfies Eq.(1). The new firms with ¢ < ¢,(Wy(w;), Pr, PE ) succeed in

introducing the newest technology. Hence the aggregate asset demand in Period ¢ is obtained as follows:
. ét(Wt(Wt)vptvpt}iﬂ
D= 4F(3). 2)
0

From the properties of ¢, it is clear that D; is decreasing in asset P; and W;(w;), and increasing in

PfH. The new firms that set up production in Period ¢ produce 6,jw; units of the final good in

5Hence the economy is considered a small open economy.
6We can also express Eq.(1) in terms of the NPV role as follows:

G_wt + PtglA N
NPV, = B — — (Wi + PLA+ wip) > 0.
If the NPV > 0, new firms can raise funds and start up their businesses in Period t¢.
"Here we assume that the final good price is a numeraire.



Period ¢ + 1, and then, repay their debt. Firms that have to liquidate their assets to pay off their debt
are forced to retire from the market and release their assets to declare bankruptcy. The firms with
o< thH(Wt (wt), Pt, 6:41) can pay their debt off without liquidating their own assets, where q~5t+1 is the
maximum level which satisfies the expression 61wy > R(Ptfl + Wi(wi) + wid). The profits of firms are
distributed among the firms’ owners. To stay in business, they must raise funds to purchase one unit
of labor through contracts with the intermediary in succeeding periods. ® At Period t + 1, since new
firms with the most advanced technologies will have appeared in the economy, the technologies that were
introduced into the production processes in Period t become relatively obsolete compared with the newer
ones available in Period ¢t + 1. ?

The newly-entering firms from Period ¢ with (gt_l,_l < ¢ < ¢; are forced to retire from production and
hence scrap their technologies in Period ¢ + 1. Therefore, in Period ¢ + 1, the aggregate assets liquidated
by newly-entering firms from Period ¢, Si\ffv ¢ are as follows:

o (e (Wi(we), PP )
Sy =A | dF (). (3)
1 (We(we),Pe,0e41)

Figure.1 shows the time line of such firms’ behavior.

O Insert Figure. 10

2.3 Scrapping old technologies

In this subsection we consider the scraipping of old vintage technologies. Let us denote v, and wy,
as the oldest vintage technology in use and its technological level (productivity) in Period ¢. Also, G,
represents the number of firms that have introduced technologies into productions in Period v(< t).
We assume that G, is in between thil and G¢_1 in Period ¢. Here v,_; represents the oldest vintage
technology in use in Period ¢t — 1. Therefore the number of firms in production in Period t is expressed

t—1
by > G,. 0 Since the assets in the model are assumed to be exogenously given such as real estate,
V=Y g

they do not become available to the potential entrants without the retirements of the incumbent firms.

8Since the firms already have A units of assets not which depreciate over time, they do not need to buy assets again.
Since the sets up cost is needed only when technologies are introduced into production processes, the firms that continue
their businesses must raise funds for only the wage payments.

9In our model, we assume that the firms can not replace old technologies with new ones if they introduce their technologies
into the production processes once. Therefore the productivity of the firms have early started their businesses relatively
lowers compared with new firms’ ones. If we, however, consider effects of learning, old firms can have relatively high
productivity than new firms’ ones. Salvanes and Tveteras (2004) empirically show that there is both a learning effect and
a vintage capital effect using data from a panel of Norwegian manufacturing plants, and the former effect dominates the
early years in the life of a plant and the latter effect dominates the later years.

10Firms who realize their productions in Period t are those that started up their businesses in Period t — 1.



The firms in production in Period ¢t —1 (old firms) produce outputs and cleare up their debt in Period
t. If the old firms don’t have high enough w, to satisfy the following constraint, then they have to sell

their assets to pay off their debt, thus being forced to exit from the market, !

> RW_4 (wt—l)
= 7915

w

= Wuf (Wt—l(wt—l),at)- (4)

The lowest level of productivity of technology Wy P (therefore the oldest vintage technology v}’) to pay
off debt without liquidating assets (therefore avoiding bankruptcy) is obtained from Eq.(4). Since the
firms with w < w,P 8O bankrupt, the technologies with vintages v < v} are scrapped. However, the firms
with w > w,p can pay off their debt without selling their assets and thus avoid exiting from the market.
The firms with w > WyP distribute the profits among their owners and then try to raise funds for wage
payments in Period ¢ to continue in business. For this, each firm is required to have w which satisfies the

following constraint,

RWy(w;) — PE, A
oz V) 2P Wl PEL). )

Eq.(5) is derived by rewriting fw + PfHA > RW;(w;t). From the above expression, the lowest level of
productivity of technology Wy (therefore the oldest vintage technology v{?) that is required in order to
raise funds in Period ¢ is obtained.

The assets liqudated by the old firms in Period ¢ depend on which constraint is in effect, WyP > Wy
or w,r <w,r (that is, vf > vft or vF < of). The effective constraint is determined by Eqgs.(4) and (5).

If WyP > wyr s in effect, no firms go bantrupt due to failure in financing the wage payments because
Eq.(5) is not bound. Hence the oldest vintage technology in use in Period ¢ is determined by v obtained
from Eq.(4), namely v, = vf’. As a result, the assets supplied by the old firms are written as follows;

R vtP(Wt71(th71)7‘9t)
sPod: _ 4 Z G,. (6)

V=l

The oldest vintage technology still in use in Period # is determined by v{* obtained from Eq.(5), i.e.,
v, = v, when vf < vf is in effect. As a result, the assets supplied by the old firms are obtained as
follows,

v (We(we), P )

sftode _ 4 > Go. (7)

V=Y

In that case, however, the firms with v, ; < v < v} retire from the market when they clear up their

debts, while those with v/" < v < v}* go bankrupt due to their failure to raise funds needed to pay wages.

HThis constraint is obtained by rewriting 0;w > RW;_1.



Hence the aggregate assets supplied in Period ¢ are obtained as follows,

S =

{ SE = 8, (W1 (wie1), Pim1, PE,0,) + ST (Wi (wi—1). 60) (when vf > off) (8)

SR = Sy Wiy (wi1), Prot, PE,0) + SO (Wi(wy), PEL)  (when vf < of).

The first terms of the RHS (S’i\I “"*=1) represent the assets liquidated in Period ¢ by the firms that had

P,0ld,

newly set up their businesses in Period ¢ — 1, while the second terms (S, and StR Olde)

are the assets
supplied by the old firms in Period ¢. 12 In what follows, we consider which constraint is more likely

depending on the economic situation characterized by the level of 6;.

2.4 Within-period equilibrium

In this subsection let us characterize an within-period equilibrium of the asset market. First the assets
are demanded by the firms attempting to introduce the newest technology into production processes in
Period ¢t. The aggregate demand Dy(Wy(w;), Pr, Pf,) is obtained from Eq.(2), which is decreasing in P,
and Wy, and increasing in P ;.

The assets are supplied by the firms that have to liquidate their assets to pay off their debts or
those unable to raise funds for the wage payments, while the aggregate asset supply depends on which
constraint is in effect WyP > WyR OF WP < WyR.

Suppose that aggregate productivity, 6; declines sharply. Wy P obtained from Eq.(4) also rises sharply,
and then v/ > vft is more likely to be satisfied than v/ < vf. Hence the aggregate asset supply function
in Period ¢ becomes S{ in Eq.(8). In contrast, w,p obtained from Eq.(4) declines when 6; rises. In that
case v/ < of is more likely to hold than v > v}, and hence the asset supply function is expressed by
SE obtained from Eq.(8). In both cases, the asset supply curves do not depend on P;, and hence becomes

vertical. This property makes our following analyses and results clearer. '3

2.5 Technological progress, technology adoption and productivity growth

Despite the fact that v, is determined by either v/ or v (the oldest vintage technology in use in Period
t), the asset supply function Sy depends on wages (W;_; and W;). The wage rate rises with technological
advances, and v, increases with wage rate over time. Therefore the old vintage technologies are scrapped

gradually over time, and the assets which have been used by the firms with scrapped technologies are

12Here old firms are those that succeeded in continuing to do their business in Period ¢t — 1.

131f we consider the case that expected asset prices depend on the present asset prices or the case that firms choose to
interrupt their productions and sell their assets athough they can continue their businesses, we can get the upward-sloping
asset supply curve. In both cases, however, the main results of the paper remain unchanged.



returned to the asset market. As a result, the adoption of new technologies takes place in the economy.
Hence the economy-wide productivity (the output) also increases over time.
Suppose that v,_; is given, and v,(> v,_;) is determined in Period ¢. Since the vintage technologies

P
withv, ; <wv < w, arescrapped, A Y. G, units of asset become available for potetial entrants. Thanks

V=l

to this new technology adoption, the economy-wide productivity @ increases as follows,

v

Amy = > {(wr —wy)Gu}. (9)

U=V g

Now if we assume that the aggegate productivity 6, is constant at the average level § over the periods,
a rise in economy-wide productivity thanks to the new technology adoption increases the output from
Period ¢ to t + 1 by the following amounts,
Yy
AY; =0 Y {(wr —w)Gu} (10)
v=v,_,
Since wy > w,, holds for all ¢ > v, Aw; is always positive if v, > v,_;. The larger the difference between
v, and v,_;, the soarer the scrapping of old vintage technologies and the adoption of new technologies
take place. As a result, a rise in economy-wide productivity (the output) increases even further.
However when v, < v,_; is satisfied for some reason, the adoption of new technology does not take
place because old technologies are not scrapped nor are productive resources (assets) released for the
asset market. Therefore, neither economy-wide productivity nor output would increase. Figure 2 shows a
mechanism of scrapping old technologies and introducing new ones when we assume that G,’s’ are given

by a constant value of G for all v(< t).
O Insert Figure 20

In the economy, an increase in economy-wide productivity rises only through scrapping old vitage
technologies and introducing new ones. In this sense, technology adoption is an essential element for
productivity growth. In what follows we will analyze the macroeconomic factors (especially asset prices)

influencing technology adoption.

3 Asset prices and technology adoption

The analysis in the previous section has shown that the asset supply function S; depends on which

constraint is in effect, w,r > w,r (that is, vl > vf) or wyr < wyr (that is, vl < of). Let us consider



which constraint is more likely depending on the economic situation characterized by the level of 6 (in
booms or recessions), and then investigate the macroeconomic factors (especially asset prices) influencing

the technology adoption for each case.

3.1 Technology adoptions during recessions

First, suppose a recession takes place, and aggregate productivity 6, falls shaply in Period t. The
outputs 0w decrease sharply. Hence Wy P obtained from (4) increases and therefore the vintage technology

P R

vl also increases, so that the condition v > vf is more likely than the other. The oldest vintage

technology in use in Period ¢ is determined by v{, that is v, = v}, as is shown in Figure 3(a).
O Insert Figures 3(a) and 3(b)0

The sharp increase in Wy P caused by a decline in 6; makes even the firms with vintage technologies
that are not old liquidate their assets to clear off their debt. Therefore the number of firms that exit from
the market increases, and the economy experiences a serious recession. Consequently, many resources
flow into the asset market, and the asset supply curve then shifts to the right as shown in Figure 3(b).
Hence the asset prices in Period ¢ decline.

The fall in the asset prices in turn encourages potential entrants to enter the market, and hence a
massive adoption of new technologies takes place in the recession. Then the economy-wide productivity
growth soars, which can be a driving force for the economy to recover from the resession. Here one can

arrive at the following propositiond 14

Proposition 1 In recessions, many firms with relatively old technologies go bankrupt and many
resources that have been held by those firms are released to the asset market, which lowers asset prices.
As a result, the new firms become able to set up their businesses, and a massive adoption of new

technologies takes place.

However, if the economic agents become pessimistic during a reccession, they will expect the future
asset prices P | to decline sharply and then w,p to increase more significantly. In this case WyP < Wk

may occur, although w,r increases by the decline in ¢; as shown in Figure 4(a) and 4(b).

O Insert Figures 4(a) and 4(b)0

14Here we assume that expected future asset prices remain unchanged. Even if the expected asset prices rise, Eq.(4) is
still in effect, and the Proposition 1 holds.

10



Since Eq.(5) is in effect, the decline in expected asset prices P/, becomes important in affecting the
aggregate asset supply. A decline in PEA makes evaluations of the old firms’ assets decline, hence it is
difficult for the old firms to raise funds for wage payments. As the bankrupticies of the old firms multiply,
the supply of the asset increases, triggering an upward shift in the supply curve, as is shown in Figure
4(b).

In contrast, a fall in PZ, decreases the asset demand by the new firms (a downward shift of asset
demand curve in Figure 4(b)). The shifts of supply and demand curves cause a sharp decline in asset
prices, enabling the new firms to set up their businesses easily. The adoption of new technology also
grows more active, and the productivity growth is largely enhanced. The following proposition can be

obtained.

Proposition 2 A decrease in expected future asset prices in a recessions leads to a sharp decline in
the current asset prices, and hence the adoption of new technologies becomes active. As a result, the

productivity growth is largely enhanced.

The above propositions are similar to “the cleasing effect of recessions” in Caballero and Hammour
(1994) conclude that old machines are scrapped massively in recessions. The cleasing effect of recessions

is supported by such empirical studies as one by Gali and Hammour (1991).

3.2 Technology adoptions during booms

Next consider that a boom occurs and the aggregate productivity 6 rises sharply. In such a case, Wy P
obtained from Eq.(4) declines sharply and hence the condition wyP < Wy, that is vf < vft, holds more

likely than the other. Figure 5(a) shows this situation.
O Insert Figures 5(a) and 5(b)0

In this case, Eq.(5) becomes effective and then the expected asset prices come to affect the aggregate
asset supply, and therefore technology adoption.

If a sharp rise in the asset prices is not expected, v/ < vf? is maintained, and the leftward shift of the
supply curve is correspondingly small as shown in Figure 5(b). In this case, since the number of the firms
that go bankrupt declines, the number of the potential entrants that enter the market also decreases.
Therefore the introduction of new technologies is deterred, and the economy-wide productivity growth

slows down.

11



In contrast, if a sharp rise in asset prices is expected, the v may decrease and fall lower than vf,

although v} decreases by an increase in 6; as is shown in Figure 6(a).
O Insert Figures 6(a) and 6(b)0

In this case, even the firms with older vintage technologies become able to raise funds because the lenders
can collect debt by liquidating the firms’ assets, even if the profits of the firms are small. Thus a rise in
expected asset prices facilitates the finances of the old firms. Hence, many old firms survive and many
productive resources are then locked in the production with old vintage technologies. This shifts the asset
supply curve to the left. The rise in expected asset prices also raises the firms’ expected profits (which
is evident from Eq.(2)) and causes the aggegate asset demand of newly-entering firms to increase. The
asset demand curve, then, shifts to the right, as shown in Figure 6(b). The sharp rise in current asset
prices caused by the shifts in supply and demand curves prevents new firms from entering the market, so

that the adoption of new technology slows markedly. The following proposition can be obtained.

Proposition 3 With future asset prices expected to rise during boom periods, the assets demanded by
new firms increase while old firms do not go bankrupt and so do not release their productive resources.
As a result, the asset prices increase sharply, which make it difficult for newly arrived firms to set up

their businesses. The introduction of new technologies is deterred, thus lowering productivity growth.

Since asset prices generally move procyclically, Propositions 1, 2 and 3 are complementary to each
others. Those three propositions clearly explain why technology adoption is countercyclical, so that a
recession forces the firms to default, which in turn increases the resources released from the production
with old technologies. Hence, asset prices decline, which facilitates new firms to set up businesses.
Hence, massive adoption of new technologies takes place in the economy. In contrast, a boom helps the
incumbent firms with low profitability to survive, which in turn makes sure that productive resources
remain locked in the production with old technologies. Consequently, asset prices rise and technology
adoption is detered, confirming that asset prices play a crucial role in adopting new technologies.

The countercyclical movements of technology adoption are confirmed by the empirical study of Git-
tleman et al. (2006) that estimate the age structure of capital based upon a vintage model. Furthermore,
their result is also consistent with historical events. For example, the fact that productivity growth rates
were high in the 1930s or Great Depression is empirically verified by Solow (1957), Kendrick (1961),
Gordon (2000) and Field (2003, 2006). Alexopoulos (2006) also shows that massive innovation activities

after 1933 were the main factors in helping the US economy to recover from the Depression. Although it

12



is outside the scope of our enquiry, the model in this paper provides a theorical explanation to confirm
her story.

In addition, our results make it clear that loans based on collaterals exert a negative effect on the
economy. Eq.(5) shows that secured loans lower w;, which helped the incubment firms with low produc-
tivities to survive. Such an effect becomes stronger, especially in a period with high expected future asset
prices, so that both scrapping old technologies and introducing advanced ones are detered. Hence, the

following proposition is obtained.

Proposition 4 0 Lending based upon collaterals helps unprofitable firms to survive and deters the
adoption of new technologies. That effect is enhanced when the intermediaries expect the future asset

prices to increase.

A similar view is expressed by Nishmura et al. (2005) insist that the reason why firms with relatively

low productivity could survive in an industry is due to the support given by financial intermediaries.

4 Conclusions

Having been motivated by the empirical facts, this paper has analyzed the relationship between
technology adoption and macroeconomic conditions such as slumps and booms based upon a vintage
model. As a result, it was shown that the scrapping of old machines is accelerated, and much new capital
equipment with leading technologies is introduced during slumps. These phenomena have been analyzed
by various researchers and have become known as “the cleansing effect of recessions” (Caballero and
Hammour, 1994).

However, this paper has pointed out a different channel that leads to the same goal. In this sense,
among various propositions put forward in this paper, the following may be considered as our main
contributions.

1) Asset prices play a key role in the determination to scrap old machines and introduce new ones.
Higher prices help firms with old and unprofitable technologies to survive. As a result, some productive
resources and structures are locked in the old technologies. This low availability of resources make it
difficult for potential entrants to break into markets with frontier technologies. The opposite mechanism

is in effect in that the introduction of new technologies is accelerated during slumps with low asset prices.
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2)Lending based upon collaterals enable unprofitable firms to survive, hence delaying the adoption of
new technology. This effect is enhanced when, as expected, asset prices rise, slowing down the introduction
of new technoligies. In contrast, a decrease in lending during slumps fosters the abandonment of old
equipment and accelerates the introduction of new technologies. This in turn increases the productivity

of the economy as a whole and facilitates its recovery from recessions.
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1)Potential entrants appear with latest technology.
2)Potential firms raise funds using a one-period contract with a financial intermediary.

Potencial firms introduce their technologies and input productive resources.

(1)
(2)
(3)
(4)Output realised, and firms clear their debt from previous periods.
(5)Firms distribute the profits among their owners.

(6)

6)Incumbent firms rise funds for wage payments and continue their businesses.

Figure 1: Timeline of Events
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Figure 2: Scrapping old technologies and introducing new ones.
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Figure 3(b): Released assets and asset prices.

Figure 3: Asset prices and technology adoptions during recessions.
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Figure 4(a): Scrapping old technologies.
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Figure 4: Asset prices and technology adoptions during recessions
with a decline in expected asset prices.
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Figure 6(a): Scrapping old technologies.
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Figure 6(b): Released assets and asset prices.

Figure 6: Asset prices and technology adoptions during booms
with a rise in expected asset prices.
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