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Estimating the Capital Stock 
in Greek Regions: 1980 -1998

by
Dimitris Paschaloudis and Stilianos Alexiadis*

1. Introduction

The analysis of the economic development of the regions of Greece has 
always been handicapped by the almost unavailability of statistics of regional 
capital stock. In the absence of time series of capital stock, it is almost 
impossible to assess fully the contribution of investment activities (private or 
public) into the growth performance of regional economies.

Actual capital stock data are seldom available and often inadequate, 
especially at the regional level of analysis. To try to sort this out, relevant 
studies, estimating the capital stock using data on investment* 1. Following the 
relevant literature, there are three major methods of obtaining estimates of 
capital stock series. The first is by employing a ‘perpetual inventory’ method, 
which involves cumulating annual totals of investment at constant prices over 
assumed lengths of lives of the assets. The second involves the employment of 
a surrogate. In the relevant studies the most frequently used surrogate is the 
consumption of electricity for industrial purposes. However, such estimates 
are too far from reality to be useful in practice. The third method refers to 
the application of the acceleration theory in its ‘flexible’ version (see 
Junankar, 1973, Ch. 3). Although this is an indirect’ method, nevertheless, 
allows the researcher to obtain estimates of the annual amount of the capital 
stock and depreciation independently for each year and each region.

This paper explicitly attempts to confront theory with fact. In particular, 
reports an attempt to estimate series of the capital stock variable for the 
regions of Greece, during the 1980-1998 period. The present paper 
contributes to the existing literature by utilising data on manufacturing

* Technological Educational Institute of Serres, Greece. We are grateful to an anonymous 
referee for very helpful comments. Any errors or omissions remain our responsibility.

1. See for example Harris (1983), Hulten and Schwab (1984), Gertler, M. (1986) and 
Anderson and Rigby (1989).
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output and investment in the context of the accelerator theory, i.e. the relation 
between the investment activity and the output.

The remainder of this paper is organised in the following manner. 
Section 2 outlines the model while section 3 discusses the data used. The 
estimated time series of the capital stock are shown in section 4. Finally, 
section 5 concludes.

2. The model
One of the most common methods of estimating capital stock is the so- 

called perpetual inventory method2. In essence, this technique requires a time 
series of deflated values of capital investment as input data. These data are
calculated by dividing the current value of investment ( I t ) in each time 
period (t) by a capital goods index (Pc). Thus,

a · 1)r c

where It is the deflated value of investment in period t.

The intuition behind equation (1.1) is to adjust for changes in the 
purchasing power of the monetary value of investment. The measurement of 
capital in monetary terms is justified in terms of the microeconomic theory. 
According to this, the price a firm is willing to pay for a capital good is equal 
to the value of the discounted flow of revenues it is expected to produce. 
Consequently, the productive capacity, measured in monetary terms, of two 
capital goods of the same vintage with equal prices must be equal. However, 
this is not necessarily true, given that it is possible technology and 
preferences to change through time.

Nevertheless, according to the perpetual inventory method, depreciation 
is estimated using a single parameter (p), which is the assumed service 
lifetime of capital goods (Anderson and Rigby, 1989). A capital good is 
assumed to be completely withdrawn from the capital stock after p years. 
Hence, the simplest assumption governing depreciation is that a capital good

2. For a more detailed description of the perpetual inventory method, see Chenery (1952), 
Duesenberry (1958), Eisner (1960) and Patterson and Schott (1978).
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remains in full service until is withdrawn suddenly at the end of its lifetime 
service3. Under this assumption capital stock at the beginning of period t can 
be estimated according to the following formula:

t-l

k ,=  2  iv
V = t-(i

(1.2)

An alternative way to estimate capital stock is to assume that following 
its installation, an equal proportion of the services of capital is withdrawn in 
each of the m periods (straight line depreciation). Therefore, the capital 
stock at the start of the period t is calculated as follows (Anderson and Rigby, 
1989):

K .= (1.3)

Equation (1.3) incorporates the fact that capital goods may be removed 
from production at any time after they installed. In this light the parameter p 
reflects the maximum service lifetime. However, several criticisms have been 
raised against the estimates, which the perpetual inventory method has 
yielded, because of various empirical problems (For a theoretical critique of 
this approach see Sraffa (1960), Ch. 10). To be more specific, the most 
important empirical problem is to estimate the parameter p. In relevant 
literature, p is estimated based on engineering surveys, which assess the 
average service lifetimes of capital goods. Nevertheless, such studies are not 
conducted frequently and, moreover, regionally disaggregated studies for 
Greece are virtually non-existent. The unavailability of appropriate data 
makes the estimation of capital stock for each region using the perpetual 
inventory method impossible.

Thus, given the regional data famine it is very useful, indeed, to be able 
to find a method that fully utilises the existing data across regions. To this 
aim, the model of the ‘flexible’ accelerator is deployed. A starting point in 
this model is provided by the expression for the optimal capital stock, thus

< , =  a Y it and (2.1)

where a  is a parameter and the subscript i refers to each region.

3. Solow in a justly famous article (1962) called this assumption as ‘one hoss shay’.
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The adjustment function is

Ki,.-Ki,.-i = (1- X)(Ki . - Ki.t-i)’ with 0 < X < I  (2-2)

Equally important is to determine an expression for depreciation. The 
replacement or the depreciation of capital is given by the following equation:

Dj t = 6 Kjit_j, with 0 < 6 < 1 (2.3)

This view accepts the argument that the capital stock in any period t 
consists of the existing capital stock plus the new additions by net investment 
in current period. Thus,

Kj,t = Kj t_i + ^ ,-Dj t (2.4)

where L t is the level of gross investment in any region.

The next important step forward is to solve equation (2.2) with respect to 
K. . Thus,

Klt = ( l - * )K ;i + X.Klt_1 (2.5)

Inserting equation (2.3) into equation (2.4) yields an expression for gross 
investment. Thus,

Ii,t = Kj,t- ( l - 5)Kjt_i (2.6)

Using the expression given by equation (2.5), equation (2.6) is written as 
follows:

Ii,t = ( l - * )K ;t- ( l - : ^ - 6 ) V )  (2.7)

Lagging equations (2.5), (2.6) by one period yields

Ki.t-i = + kK i>t_2 (2.5.1)

^ i,t_2 (1 -b ) (2.5.2)

From equations (2.1), (2.5.1), (2.6.1) and (2.7), it follows that
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Ilt = a (1- X) Y,,t- a (1 - X) (1-5) Y , + X I , (2.8)
Moving away from these abstract considerations, so as to get closer to 

the complications of the real situation, account has to be taken for the 
econometric specification of the model. In the model of ‘flexible accelerator’ 
the expression given by equation (2.8) is of critical importance. Equation 
(2.8) has the advantage of providing an estimate of the capital stock in each 
region using data for output and investment. In other words, econometric 
estimation of the parameters of this equation allows for estimating the capital 
stock of each region without the need of using data either for the capital 
stock or the amount of depreciation. Wallis (1973) and Helliwell (1976) used 
this indirect method of estimating the stock of capital of aggregate economy. 
Katos (1978) applied a similar approach to estimate the capital stock for the 
entire Greek economy using data covering the period 1948-1972. A variant of 
this approach has been developed in this paper for deployment in an entirely 
different context -  the regions of Greece.

Expressing equation (2.8) in terms of a regression equation yields:

Ii,t= C + b lYU + b2Yi,t-l+b3Ii,.- (2.9)

where bj = a ( l - ^ ) ,  b2 = - a ( l - X ) ( l - 6 ) ,  b3 = X and c is the constant term 
of the regression.

Quantitatively the most important fact is that the estimated parameters b1? b2 
and b3 allow to estimate the values of a  and 6. Thus,

a  = bi
l - b 3

and 6 = b l + b 2

bi
(2.10)

With the aid of the parameters a , 6 and X is possible to obtain an estimate for 
the capital stock for the period t-1. Solving equation (2.7) for Ki t 2 and 
rearranging yields

K) (1 ^  K*,------- 1----- Ilt(1-X-S) (l-X-6) ,’t (2.11)

Using equation (2.1), the capital stock of period t-1 can be derived using the 
following expression4:

4. The case X + 6 = 1 brings indeterminacy in the model.
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----- 1----- Iit
( l - X - 5 )  11

(2.12)

Implementing equations (2.4) and (2.3) and the estimated capital stock in 
period t-1, capital stock and the amount of depreciation in each period are 
possible to be determined.

3. The data
The data used for estimation purposes are regionally disaggregated by 

the National Statistical Agency of Greece and refer to the 13 administrative 
regions of Greece during the period 1980-1998. Output is measured by the 
gross value -  added at factor cost for the manufacturing sector while the 
investment variable refers to the total gross asset formation. These data were 
obtained from various annual surveys from the National Statistical Agency of 
Greece. The above data were deflated at 1980 current prices using deflators 
provided by the same official source. Ideally, the data should be deflated 
using regional price deflators. However, regional price indexes are not 
available and we simply use national deflators5.

4. Estimation results

Table 1 presents the results of a set of regression estimations of equation 
(2.9) for each administrative region.

As it can be seen from table 1, the coefficients are, almost, in all cases 
statistically significant and have the expected signs, as indicated by equation 
(2.8) and (2.9). Moreover, the results obtained can be considered as 
satisfactory in terms of R2 test. Having obtained the coefficients bp b2 and b3 
it is possible to derive the estimated rates of depreciation for each region. 
Table 2 gives the obtained depreciation rates.

5. Several authors deflate regional data using indexes reflecting regional differences in cost of 
living. Nevertheless, such approach serves no purpose in the aims of this paper, given that 
the primary concern refers to the productive and not the welfare aspect of the regional 
economies.
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Table 1: Estimation results of equation I = c + b.Y .. + b~Y., , + bA  ,
_________________________________________________ *___________ M___________ 1 i,t 2 i,t—1 3 i,t—1

Region c bj b2 b3 R2 DW

Eastern Macedonia and Thraki

Central Macedonia

Western Macedonia

Hepiros

Thessaly

Ionian Islands

Western Greece

Sterea Ellada

Attiki

Peloponisos 

Northern Aegean 

Southern Aegean 

Crete

1.638 0.345 -0.325
(2.142) (2.193) (-2.853)
0.115 0.314 -0.284

(1.385) (2.883) (-3.874)
0.656 0.435 -0.421

(1.884) (2.636) (-2.242)
3.180 0.781 -0.714

(3.559) (2.658) (-2.249)
1.678 0.619 -0.559

(2.243) (2.273) (-2.041)
4.578 1.936 -1.847

(3.817) (3.425) (-2.788)
1.722 0.865 -0.854

(3.422) (3.044) (-2.549)
0.064 0.867 -0.836

((0.265) (4.120) (-3.220)
2.099 0.809 -0.683

(0.847) (2.584) (-3.470)
1.920 0.857 -0.779

(2.968) (1.691) (-2.269)
2.563 1.949 -1.833

(4.203) (5.299) (-4.141)
1.188 0.781 -0.716

(3.969) (1.762) (-2.437)
3.241 1.034 -0.910

(4.570) (4.070) (-2.740)

0.642 0.939 2.142
(4.608)
0.625 0.925 2.002

(6.304)
0.478 0.985 2.156

(5.395)
0.485 0.902 2.221

(2.823)
0.487 0.956 2.013

(4.008)
0.638 0.824 1.625

(1.762)
0.498 0.982 2.034

(4.246)
0.487 0.996 1.822

(7.343)
0.457 0.897 2.354

(2.770)
0.441 0.908 1.298

(2.122)
0.459 0.975 1.574

(3.967)
0.487 0.984 1.529

(2.368)
0.404 0.948 1.288

(2.920)

Note: Figures in brackets are t-ratios. DW is the Durbin-Watson statistic and F is the 
probability associated with an F-test for the overall significance of the regression.
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Table 2: Estimated regional depreciation coefficients

Region Ô

Eastern Macedonia and Thraki 0.057971
Central Macedonia 0.095541
Western Macedonia 0.032184
Hepiros 0.085787
Thessaly 0.096931
Ionian Islands 0.045971
Western Greece 0.012717
Sterea Ellada 0.035755
Attiki 0.155748
Peloponisos 0.091015
Northern Aegean 0.059518
Southern Aegean 0.083227
Crete 0.119923

The estimates on table 2 allow for the derivation of the capital stock 
during the time period t-1, which at the present case is the year 1979. Having 
an estimate of the capital stock in year 1979, it is possible to construct time 
series for each region by simply adding the net investment (i.e., gross 
investment less depreciation) to the capital stock of each year. The derived 
time series are reported in table 3 while the estimated annual amount of 
depreciation is given in table 4.
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6. Conclusions

This paper has set out to obtain measures of the capital stock in 
manufacturing for the regions of Greece over the period 1980-1998. The 
procedure adopted has been based upon the accelerator theory. While 
physical capital in manufacturing is a crucial variable in regional economic 
analysis, little attention has been given to developing accurate methods of 
estimating time series of regional capital stock.

It should be noted, however, that in order these estimated to be entirely 
accurate, a measurement, independent of the distribution of income, of the 
quantity of capital should be available. But according to Robinson (1953) and 
Sraffa (1960), such measurement is impossible and as a result the estimates in 
this paper are conditioned based on a series of simplifying assumptions.

Nevertheless, the estimates of capital stock in this paper may to be useful 
in a variety of regional economic analyses. For example, this data set is 
appropriate for use in production-function type models in testing macro- 
economic theories of regional growth. Moreover, using the estimated time 
series several interesting measures can be obtained, e.g. capital/labour ratios, 
technical efficiency, capital ages, etc. In addition, the adopted method allows 
for estimation of the capital stock for future years, using data on output and 
investment.
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