
VINTAGE CAPITAL AND ECONOMIC GROWTH�

FERNANDO BARREIRO-PEREIRA

UNED University, Dptm. of Economic Analysis, 11 Senda del Rey, 28040 Madrid,
Spain,

E-mail: fbarreiro@cee.uned.es

Abstract. The productivity generated by capital goods is not uniform, especially
across the time, because productivity obtained from physical goods is minor than
one generated by new capital goods, or quality capital goods. It seems that the
di¤erence between both kinds of capital stems from the fact that vintage capital
is a¤ected by an additional form of technical progress. When capital is a¤ected
by this kind of technical progress is so-called, from Solow (1960), as capital jelly.
There are, hence, two possible forms to understand technical progress: the classical
one or, alternatively, this new class of technical progress that a¤ects only to capital.
Both kinds of technical progress a¤ect the economic growth in two separated ways,
and for this reason it is interesting to develop a special analysis on the investment
in capital goods in order to identify the di¤erence between productivity derived
from physical and from vintage capital. The main aim of this paper is to analyze
how two types of technical progress can a¤ect the real income growth rate in coun-
tries belonging to three world areas: The Eueopean Union with 15 members, the
Paci�c Rim, and North-America. Keywords: Growth, Quality capital, Endogenous
technical progress, World economic areas, Investment, Neutral technical progress.

1 Introduction

The productivity generated by capital goods is not uniform, specially over the
time. With physical capital goods the productivity obtained is minor that the one
generated by �new�capital goods or quality capital goods. For this reason can be
interesting to develop a special analysis on the investment in capital goods in order
to identify what is the di¤erence between the productivity derived from physical
capital and from vintage capital. It seems that the di¤erence between both kinds
of capital stems from the fact that vintage capital is a¤ected by an additional form
of technical progress. From Solow (1990), when capital is a¤ected by this kind of
technical progress, it is so-called capital jelly. From that point of view, there are
two possible forms of understand technical progress. The classical one, assuming
generally a Hicks neutral technical progress, which a¤ect all production factors, or
alternatively this new class of technical progress, that could be called endogenous,
and that a¤ects only to capital. In this sense, the main purpose of the present
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work is to evaluate how this new type of technical progress can impact on economic
growth and productivity.
Precursory works of the present research have found, in one hand, in Solow

(1956), (1960) and Johansen (1959), (1966). By the other hand, more recent dis-
cussions have been cause of new basic references such as Hulten (1992), Greenwood,
Hercowitz and Krusell (1997), Gordon (1999) and Hobijn (2000). Solow(1956) and
Jorgenson (1966) assumed that the bigger part of technological change is not em-
bodied in the capital accumulation process. From this point of view, technological
change was linked to a certain number of factors such as improvements in educa-
tion, a progressive higher development and better resources market organization at
an entrepreneur level. This type of analysis emphasizes that technical progress is
neutral or capital disembodied, that is, the output per hour and the capital per
hour are determined independently from the process of capital accumulation.
However, Solow (1960) pointed out that this hypothesis was in contradiction

with a simple observation: the bigger part of technological innovations, that is, the
bigger part of technological progress embodied in the investment in capital goods,
generates e¤ects over the e¢ ciency and the productivity of the economy. This mind
that the bigger part of technological progress came from the fact of to be embodied
by the �rms by means of the acquisition or capital accumulation.
As it has been pointed out the study, the quality embodied in economic growth

came associated to the analysis and identi�cation of what fraction of the increase
in labor productivity is neutral or independent of the accumulation process and
what fraction is tied to the massive investment processes in quality technologies.
The issue of this debate is to know what part of the investment processes in capital
goods and new technologies determines technical progress. That carries along to
analyze which are the e¤ects of the two form of technical progress, neutral or the
embodied directly when capital is accumulated, on economic growth and on other
relevant macroeconomic variables.
During the development of this research a �rst di¢ culty arise when we try to

determine how to measure the quality of the capital investment. A possibility is
to measure, in e¢ ciency units, the quality of real investment. A limitation of this
approach is that measure results indicate that investment is not really comparable
over time. A reason seems to be in that most recent generations of investment
�ows allow a greater production per capital factor unit than those carried out in
the past. Consequently, to make them comparable, it would be necessary to adjust
the quality or productivity of the investment goods. Under this approach it would
be necessary to measure the quality in a form related with some relative price
indices, that is, as hedonic price indices. This would require to control all quality
changes. Gordon (1990), (1999) and Herman (2000) builded a series of production
price indices adjusted by quality, based in National Accounts investment data. From
National Accounts we have data on investment in nominal terms and also about
the number of units of investment goods installed. A problem presented is that this
form to measure investment en real terms is not really comparable over time.The
reason is that current vintages of capital investment have a greater productivity
than vintages coming from capital in the past.We would need then to measure real
investment in terms of quality units, which are already comparable over time. To
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make comparable those investment goods is necessary then to adjust the measure by
this change in the productivity.We would like to have information about the path of
the quality improvements of capital goods, measuring the evolution of quality and
productivity of the several capital goods. That will allow us to obtain an investment
price index, P i;t , which satis�es the following nominal investment (IN;t) equation

IN;t
Pi;t

= It �Qt (1)

Where Qt is a parameter which re�ects a certain quality degree, and hence this
index allows to measure real investment (It � Qt) in constant quality units. How
we really don�t know what exactly one unit of capital good means, it is convenient
to de�ne It in units of consumption good terms. Under this approach Qt re�ects
the opportunity cost of investment goods measured in units of consumption goods
terms. In that case the price P i;t appears as the relative price of a quality unit of
investment good in terms of the consumption good. That is, P i;t = Pc;t/Qt, where
Pc;t is a consumption price index, which allows that Qt can be written as

Qt =
Pc;t
Pi;t

(2)

A new problem appears because the elaboration of P i;t requires to have control
over changes in quality. Hence, Qt must be measured considering the path of the
relative price index of investment relative to consumption, but the construction of
this price index itself requires a measurement of Qt. Alternatively we could mea-
sure quality dimensions of various investment goods and then estimate how much
relative price �uctuations of investment goods can be attributed to the �uctuations
in these quality indices. In other words we could identify the contribution that
the accumulation of capital goods have on technical progress. This could be done
through regressions that allows to compute the hedonic prices. Gordon (1990) and
Cummins and Violante (2002) use this methodology, that is, once quanti�ed Q then
to construct the price index P i;t. The resulting price index of investment goods
then appears adjusted by quality. The problem is that it requires measuring di¤er-
ent dimensions of quality improvements which may lead an spurious measurement
of the embodied technical change. On the other hand, if some of the quality dimen-
sions that have actual e¤ect are not included, this might lead that the embodied
technological change can be underestimated.
With this current identi�cation strategy is very di¢ cult to obtain a precise ad-

justment in quality changes. The situation became worse due to the degree of detail
used in the National Accounts price indices and availability of the aggregation level.
For the reasons stated it could be more interesting consider methods that allow a
measurement of Qt without using hedonic prices. Then, given the di¢ culties out-
lined, some authors follow a di¤erent strategy. Most part of they decided to analyze
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how technical progress a¤ect output avoiding the need of building hedonic prices
of investment goods. In section two we will use a strategy based in a structural
approach which contains a vintage capital growth model. Section three contains
the results of the application of this model on a sample which contains data con-
cerning to the nine most important OECD countries. Main conclusions are in the
last section.

2 A vintage capital growth model

To evaluate the impact of the quality of investment we will follow then an approach
based in the use of the maximum information available, already used by Hobijn
(2000), Campbell (1998) and Comín (2002). This strategy applies the information
supplied by variables such as investment, output level, or the population growth rate
using a Cobb-Douglas production function and a utility function. The objective is
to capture the evolution followed by the technical progress which arise endogenously
when investment in capital goods are carried out. In this way it will be possible
to show the implicit evolution of the quality by determining the impact of quality
�uctuations on the economic growth process.
The starting point of the model is in the conventional literature of capital accu-

mulation theory, where, calling by � the depreciation of capital and the aggregate
capital stock by K t, we can have

Kt+1 = (1��)K t + I t (3)

It represents the investment at period t. However a great part of economic
growth seems to be due to new capital goods, which are more productive than
old ones. This vintage coming from current investment embodies an additional
productivity equal to Q t+1, because investment has been made in the t period. In
these conditions, the e¤ective aggregate capital stock is bigger than K t, and it is
called from Solow (1960) as jelly capital (J t). Assuming the value of the additional
productivity such as Q t+1, the relations-ship between physical capital (K t) and
jelly capital (J t) are

Jt = Kt �Qt+1 (4)

Jt+1 = Kt+1 �Qt+2 = Kt+1 � (Qt+1 +�Qt+1) (5)

Substituting these last equations in (1), we can obtaina:

aSee Apendix 1
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Jt+1 = (1� ��)Jt + It �Qt+1 (6)

where It is the current investment and �
� mind the depreciation rate including

the depreciation of the physical and vintage capital. From this last equation we
can isolate It

It =
Jt+1
Qt+1

� (1� ��)
�
Jt
Qt

��
Qt
Qt+1

�
(7)

In other sense, following Benhabib and Rustichini (1993), the dynamic optimal-
ity condition requires that in every period the marginal disutility from saving should
be equal the expected present discounted value of the future marginal products of
the investment. As a consequence of this optimization we have that

� =
Jt

Qt � Yt
;8t (8)

being � a parameter related with the real interest rate and the intertemporal
discount rate. Substituting this in the above formulation and dividing it by the GDP
at period t (Y t) and t+1, (Y t+1), once known the depreciation rate of capital (�),
we have

It
Yt
=

Jt+1 � Yt+1
Qt+1 � Yt+1 � Yt

� (1� ��)
�

Jt
Qt � Yt

��
Qt
Qt+1

�
(9)

and hence

It
Yt
= �

Yt+1
Yt

�
�
� �
�
Qt
Qt+1

��
(1� ��) (10)

where in this relation-ship the term It
Yt
appears as an endogenous variable and

Yt+1
Yt

is an explanatory variable. Last term of equation appears as an independent
term because still we do not known ��. Regressing then this equation, we can
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estimate � as b�, and hence, we can isolate the vintage technical progress growth
rate series

�Qt
Qt

=
Qt+1
Qt

� 1 = 1� ��
Yt+1
Yt

� 1b�
�
It
Yt

� � 1 (11)

Notwithstanding, an important identi�cation issue that remains from the above
equation, is that we cannot separately identify Qt and �

�, but we can identify
separately Qt and � because this last determines only the physical deterioration
of the capital good. Under a sample of technological leader countries, with an
investment composed by physical, and about all vintage capital, we can take � as a
proxy of ��. In our particular case, the countries of the sample are the main OECD
countries and hence, we will take � as the depreciation rate. To obtain this we will
rearrange the equation 1

(1� ��) = Kt+1

Kt
� It
Kt

(12)

where for It we use is real �xed private non-residential investment. Substituting
this last result into the equation 11, we can approximately isolate the path of the
endogenous technical progress Qt growth rate

�Qt
Qt

=
Qt+1
Qt

� 1 =
Kt+1�It

Kt

Yt+1
Yt

� 1b�
�
It
Yt

� � 1 (13)

and also

Qt
Qt+1

=

Yt+1
Yt

� 1b�
�
It
Yt

�
Kt+1�It

Kt

(14)

It seems important to compare the path of the endogenous technical progress
Qt growth rate with the path of the exogenous technical progress At growth rate,
which a¤ects directly the production function. In this sense, we assume that the
aggregate real output Yt can be produced by means of the following process

Yt = At � J�t � L
(1��)
t (15)
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where Lt is the labor supply, Jt is the jelly capital a¤ected by a vintage speci�c
Qt, and At is the level of a Hicks neutral disembodied technological progress. At the
same time we can express Yt+1 = At+1 �J�t+1 �L

(1��)
t+1 . Dividing this last expression

between 15, we have

Yt+1
Yt

=
At+1 � J�t+1 � L

(1��)
t+1

At � J�t � L
(1��)
t

(16)

We will assume that the labor supply is inelastic and grows at a constant rate
n. Normalizing the labor supply in period zero to one, this implies that the total
labor supply equals Lt = (1 + n)t. Substituting this result into the equation 16,
and considering the equation 8, we can obtain

Yt+1
Yt

=
At+1
At

�
Qt+1
Qt

���
Yt+1
Yt

��
(1 + n)(1��) (17)

Taking Neperian logarithms in this expression we have

ln
Yt+1

(1 + n)Yt
=

�
1

1� � � ln
�
At+1
At

��
+

�

1� � � ln
�
Qt+1
Qt

�
(18)
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and regressing this equation, we can estimate the parameter � as b�. Substituting
this value in 17 we can isolate the disembody factor productivity growth rate
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�At
At

=

�
Yt+1
Yt

�(1�b�)�
Qt
Qt+1

�b��
1

1 + n

�(1�b�)
� 1 (19)
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Comparing expressions 13 and 19 we can see the two di¤erent growth paths of
the technical progress, embodied (13) and disembodied (19). In the following para-
graphs we will compare empirically this trajectories join the paths of other relevant
macroeconomic variables, in special employment, to observe the macroeconomics
e¤ects of the quality investment.

3 Data and empirical results

This theoretical model has been applied across the 19 OECD countries, which re�ect
three world areas: The European Union with 15 countries, the Paci�c Rim with two
representative countries (Japan and Australia), and North America represented by
two countries (USA and Mexico). In total is represented near of the 95% of the
total GDP of OECD. The analysis has been made with data come from OECD
statistics, and it has been applied from 1995 to 2004, with monthly data.
After apply VAR techniques, the main results indicate that in those countries

between 72% to 74% of the economic growth is explained by the endogenous techni-
cal progress (Q), an also with the same ratio is explained the real per capita income
growth rate, whereas the neutral technical progress (A) only explain between 26%
to 27% of the economic growth in each country.

Concluding remarks

Looking the Tables 1, 2, 3, 4 and 5, we can observe that in all countries between
1995 and 2004 the endogenous technical progress, coming from new technologies, is
rising, whereas the neutral technical progress is always decreasing in all countries,
with the only exception of Mexico. This can be caused because Mexico, although
member of the OECD, is an emerging country. However, in all these countries a
great part of growth is explained by the endogenous technical progress: 73.9% in
E-15, 73,0% in Japan, 72.7% in Australia, 72.7% in USA, and 72.5% in Mexico.

References

1. Aghion, P. and Howitt, P. (1994), �Growth and Unemployment�, Review of
Economic Studies, 61,477-494.

2. Bartelsman, E. and Dhrymes, P. (1998), �Productivity Dynamics: US manu-
facturing plants 1972-1986�Journal of Productivity Analysis, 1, 5-53.

3. Benhabib, J. and Rustichini, A (1991), �Vintage Capital, Investment and
Growth�, Journal of Economic Theory, 55,323-339.

4. Gordon, R. (1999), �Has the �New Economy�Rendered the Productivity Slow-
down Obsolete?�, mimeo.

swp0000: submitted to World Scienti�c on June 16, 2005 10



5. Greenwood,J. Hercowitz,Z and Krusell, P. (1997) �Long-Run Implications
of Investment-Speci�c Technological Change�, American Economic Review,
87,342-362.

6. Hobijn, B. (2000), �Identifying Sources of Growth� mimeo Federal Reserve
Bank of New York.

7. Hulten, C. (1992), �Growth Accounting When Tecnical Change is Embodied
in Capital�, Americam Economic Review, 82 , 964-980.

8. Johansen, L (1959), �Substitution Versus Fixed Production Coe¢ cients in the
Theory of Economic Growth: A Synthesis�, Econometrica, 27, 157-176.

9. Jorgenson, D (1966), �The Embodiment Hypothesis �, Journal of Political
Economy,74,1-17.

10. Jovanovic, B. and Nyarko, Y. (1996), �Learning by Doing and the Choice of
Technology�, Econometrica, 64, 1299-1310.

11. Michelacci, C. and D. López-Salido (2002) �Technology Shocks and Job Flows�
Banco de España. Documento de Trabajo no 0308

12. Solow, R. (1960) , �Investment and Tecnical Progress�, in Arrow, Karlin and
Suppes (eds.), Mathematical Methods in the Social Sciences, Stanford Univer-
sity Press.

Appendix

We can insert an appendix here and place equations so that they are given numbers
such as Eq. (20).

De�ning Jt = Kt � Qt+1 and Jt+1 = Kt+1 � Qt+2 = Kt+1 � (Qt+1 +
�Qt+1) , and considering the main equation of physical capital accumulation:
Kt+1 = (1��)K t + I t , if we multiply both members of this last equation by
Qt+1, we can obtain

Kt+1 �Qt+1 = (1��)K t �Qt+1 + I t �Qt+1 (20)

and hence:

Jt+1 �Kt+1 ��Qt+1 = (1��)K t �Qt+1 + I t �Qt+1 (21)

but we can write Kt+1 = Kt + �Kt, being Kt =
Pt

t=1(�Kt) = # � �Kt for
# > 1. Then, the value of �Kt will be: �Kt = Kt=# = 	Kt, where 	 = 1=#,
for 0 < 	 < 1. Therefore we have that: Kt+1 = Kt + 	Kt = (1 + 	)Kt and
hence Kt+1 = �Kt where � = 1 + 	. In the same sense, we have that Qt+1 =
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Pt
t=1(�Qt+1) = � ��Qt+1 for � > 1, and therefore we will have �Qt+1 = �Qt+1,

for � = 1=�. Substituting these results in the equation 17, we have

Jt+1 � ��Kt �Qt+1 = (1��)K t �Qt+1 + I t �Qt+1 (22)

and hence

Jt+1= [1 � (� � ��)]Kt �Qt+1 + I t �Qt+1 (23)

Calling now ���� as ��, and considering that Jt = Kt �Qt+1, we can write now

Jt+1= (1���)Jt+ I t �Qt+1 (24)

where �� denotes the depreciation rate concerning to both types of capital: jelly
and physical.
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