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I.   INTRODUCTION 
 

The issue of whether government capital is productive has received a great deal of recent 
attention. In his seminal contributions, Aschauer (1989a,b) found large positive output effects of 
government capital in the United States. His results further suggested that government capital was 
even more productive than private capital. However, the large body of empirical literature that 
developed after Aschauer’s early studies challenged these results. This literature—surveyed, for 
example, in Gramlich (1994), Sturm, de Haan, and Kuper (1998), and Seitz (2001)—concludes 
that although there is evidence for positive output effects of government capital, the magnitude of 
these effects is in general much smaller than Aschauer reported. 

 
The lack of public capital stock data for a large number of Organization for Economic 
Cooperation and Development (OECD) member countries has forced most empirical studies to 
focus on the United States. Few studies have investigated the productivity of government capital 
for other OECD countries: examples are Ford and Poret (1991), as well as Evans and Karras 
(1994). Both groups of authors drew their data from earlier volumes of OECD (1997) that 
assembled capital stock series for 12 countries over the period 1970–1996, provided directly by 
the national authorities. However, these data were not internationally comparable because 
estimation methods differed widely across countries.2 This was one of the reasons why the OECD 
suspended the publication of capital stock series after 1997 and cofounded the Canberra Group on 
Capital Stock Statistics whose activities resulted in the publication of a manual on the 
measurement of capital (OECD, 2001a). Thus far, only a few countries have adjusted their 
estimation methods; internationally comparable capital stock data are still not available. 

 
In spite of these constraints, the analysis of public capital productivity has continued to be an 
active area of research. Most recent studies use an approach based on vector autoregressive 
(VAR) models (for example, Mittnik and Neumann, 2001; and Voss, 2002) that—unlike the 
earlier production function and cost function approaches—do not impose causal links among the 
variables under investigation. The main disadvantage of this approach is that it generally requires 
large data samples for conventional lag lengths. For this reason, most researchers employing the 
VAR approach have used data on public investment instead of data on the public capital stock. 
This choice has been dictated not only by the lack of capital stock data for a large number of 
countries, but also by the fact that public investment data are usually available each quarter, 
whereas public capital stock data are available only every year. One drawback of this choice is 
the implicit assumption that the effects of public investment are independent of the level of the 
corresponding capital stock. Economic theory suggests that this assumption is dubious. 
According to the law of diminishing returns, an increment to the public capital stock (that is, 
public investment corrected for fixed capital consumption) would have a small/large output effect 
if the capital stock in the previous period were large/small. There is indeed evidence for a fast 
decline in the marginal productivity of public capital (Demetriades and Mamuneas, 2000, p. 702). 
 

                                                 
2 Sturm, de Haan, and Kuper (1998, p. 382) draw attention to the problem that “most authors employ data in their 
analysis which are generally chosen on the ground of their availability, without analyzing whether their conclusions 
are sensitive not only to the concept of the public capital stock (narrow versus broad definition), but also to the way 
the capital stock has been constructed.” 
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This paper provides internationally comparable annual capital stock estimates for 22 OECD 
countries for the period 1960–2001, calculated using the perpetual inventory method based on a 
geometric depreciation pattern.3 Capital stock data are estimated for three categories of 
investment: (1) private nonresidential gross fixed capital formation, (2) private residential gross 
fixed capital formation, and (3) government gross fixed capital formation. A sensitivity analysis 
explores the robustness of the capital stock estimates by varying the main estimation assumptions 
for two reference countries, the United States and Canada, for which public capital stock 
estimates from official sources are available. The results of this sensitivity analysis suggest that 
the benchmark capital stock estimates are robust. Finally, the paper reports and compares 
estimation results for the production function approach, using three alternative measures of the 
public capital stock: (1) author’s own estimates; (2) estimates from national authorities; and 
(3) estimates from OECD (1997). The regression results confirm previous results in the literature 
based on the production function approach and show that the elasticity of output with respect to 
public capital is positive and statistically significant, but quite large for most countries. According 
to estimates based on a simple panel data model, the elasticity of output with respect to public 
capital is on average 0.2 in OECD countries. 
 
The remainder of this paper is organized as follows: Section II describes the investment data used 
in the estimation of capital stocks; Section III describes the estimation methodology; Section IV 
presents the estimation results; Section V explores the robustness of the capital stock estimates by 
varying the main estimation assumptions; Section VI estimates elasticities of output with respect 
to public capital according to the production function approach for alternative capital stock 
measures; and Section VII concludes. 
 

II.   DATA 
 
The basic ingredient for the estimation of capital stocks is historical data on gross investment. 
These data are taken from the June 2002 version of the OECD Analytical Database.4 The 
estimation is carried out for the following 22 OECD countries: Australia, Austria, Belgium, 
Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, the 
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom, 
and the United States.5 The series retrieved from this database expressed in constant prices and in 
national currencies are (OECD code in parentheses) the total gross fixed capital formation (ITV), 
total private gross fixed capital formation (IPV), private nonresidential gross fixed capital 
formation (IBV), private residential gross fixed capital formation (IHV) and government gross 
fixed capital formation (IGV). 

                                                 
3 The capital stock estimates are available upon request to the author. 

4 This database includes not only investment data but also a large set of other macroeconomic variables. In addition 
to investment, real gross domestic product (GDPV) and employment (ET) are also retrieved from the OECD 
Analytical Database. Most of these data are available online at http://www.sourceoecd.org. 

5 For most of these countries the data are available for the period 1960–2001. The following OECD countries are not 
included in the analysis because long investment series are not available: the Czech Republic, Hungary, the Republic 
of Korea, Luxembourg, Mexico, Poland, the Slovak Republic, and Turkey.  

http://www.sourceoecd.org
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This paper uses public investment data from the OECD Analytical Database because apart from 
providing long-time series for a large panel of countries, the data are categorized by institutional 
sector and are more comparable internationally than data from national sources. Table 1 gives 
details about the institutional coverage of the public investment series. This information is 
important because the definition of the public sector underlying the investment series varies not 
only across sources for a given country, but also across countries for a given source. Three 
definitions regarding the coverage of public investment are used by the countries under 
investigation:6 (1) public investment of the general government; (2) public investment of the 
nonfinancial public sector (general government plus nonfinancial public enterprises (NFPEs)); 
and (3) investment carried out by economic units engaged in activities labeled “Public 
administration and defense services, compulsory social security services” (narrow definition) and 
“Public administration, educational services, and health care and social assistance” (broad 
definition) according to the International Standard Industrial Classification (ISIC). Whereas the 
first two definitions categorize by institutional sector, the latter two definitions categorize by type 
of economic activity. The ISIC category “Public administration, educational services, and health 
care and social assistance” comes close to the definition of the nonfinancial public sector, but it 
also includes private spending on education, which may, for instance, be important in some 
countries such as Canada. 
 
Figure 1 displays the evolution of the public investment–GDP ratio for the earlier-mentioned 
countries over the period 1960–2001. The subplots of Figure 1 for the individual countries show 
the public investment–GDP ratio for the data from the OECD Analytical Database as well as—if 
available—for data from national sources7 and from OECD (1997). The public investment–GDP 
ratio has in general declined over the sample period. In some countries such as Austria or Ireland, 
the decline has been particularly pronounced. Notable exceptions to the general pattern include 
Greece, Portugal, and Spain where public investment–GDP ratios have increased considerably 
since accession to the European Community in the 1980s. A comparison of the data from 
different sources reveals that the ratios calculated for data from OECD Analytical Database 
coincide with data from national sources, except for Belgium, Canada, Italy, Japan, and Spain. 
The differences in the data from these two sources and those from the OECD (1997) are quite 
large in most of the cases, partly reflecting that OECD (1997) data are based on the 1968 System 
of National Accounts, while the other two sources rely on the 1993 System of National 
Accounts.8 To a certain extent, the difference is also due to data revisions since the publication of 
OECD (1997). However, the most important reason for the discrepancy in the data from 
alternative sources seems to be different coverage of public investment. 

 

                                                 
6 In OECD (1997), public entities are referred to as “Producers of government services.” This category in most cases 
corresponds to the definition of public activities underlying the investment series from national sources. An 
important difference, however, is that capital stocks in OECD (1997) were based on classifications of public 
activities according to the 1968 System of National Accounts whereas recent national data are based on 
classifications according to the 1993 System of National Accounts. 

7 See Appendix for a description of data from national sources. 

8 For details on the 1993 System of National Accounts see European Commission and others (1993). 
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III.   METHODOLOGY 
 
The methodology applied here in the estimation of capital stock data draws in large part on 
OECD (2001a) and on the U.S. Bureau of Economic Analysis (1999). The estimation exercise is 
comparable to that performed by Jacob, Sharma, and Grabowski (1997), who estimate capital 
stocks by industrial activity according to the ISIC. Here, however, the aim is to obtain estimates 
by institutional sector—with a special focus on the public sector—rather than by industrial 
activity. Other precursors of the present study include Berndt and Hansson (1991), who estimate 
the public capital stock for Sweden; Sturm and de Haan (1995), who estimate the public capital 
stock for the Netherlands; as well as Boskin, Robinson, and Huber (1987), Holtz-Eakin (1993), 
and Munnell (1990), who estimate the capital stock for local and state governments in the United 
States. This paper employs the same estimation approach as those studies: the perpetual inventory 
method. The net capital stock is estimated for the three subcategories of gross investment 
available from the OECD Analytical Database: (1) private nonresidential gross fixed capital 
formation; (2) private residential gross fixed capital formation; and (3) government gross fixed 
capital formation.9 

 
The basic idea of the perpetual inventory method is that the net capital stock at the beginning of 
the following period, 1+tK , can be expressed as a function of the net capital stock at the beginning 
of the current period, tK , of gross investment in the current period, tI , and of depreciation10 in 
the current period, tD :  

 
tttt DIKK −+=+1 .     (1) 

 
If one further assumes geometric depreciation (that is, the capital stock depreciates at a constant 
rate,δ ) then the capital accumulation equation can be rewritten as 

 
( ) ttt IKK +−=+ δ11 .     (2) 

 
The method is called “perpetual” because all assets are forever part of the inventory of capital 
stocks. Of course, the quantity of services provided by an asset declines as it ages, but it never 
reaches zero. This can be seen by repeatedly substituting equation (2) for the capital stock at the 
beginning of period t : 

 

( )∑ −=
∞

=
−+

0
1 1

i
it

i
t IK δ .    (3) 

 

                                                 
9 All series are expressed in the constant prices of 1995. For those countries with a different base year 
(Australia 1999/2000; Canada, 1997; Iceland, 1990; Norway, 1997; Switzerland, 1990; and the United States, 1996) 
the series were rebased to 1995.   

10 The terms “depreciation” and “consumption of fixed capital” are used interchangeably in this paper. This is 
common in economic literature. Note, however, that “depreciation” as used here differs considerably from its use in 
company accounts where it is calculated on the basis of historic costs rather than market prices. 
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This expression shows that the capital stock at the beginning of period 1+t  is a weighted sum of 
past investment where the weights are a decreasing function of the distance between the current 
period and the investment period. In practice, an infinite number of past investment flows is not 
available so that equation (3) is replaced by the following expression: 
 

( ) ( )∑ −+−=
−

=
−+

1

0
11 11

t

i
it

it
t IKK δδ ,    (4) 

 
where 1K  is the initial capital stock at the beginning of period 1. 

 
According to equation (4), the application of the perpetual inventory method requires the 
following inputs. First, a time series on gross investment flows is needed. The estimations in this 
paper rely on investment data from the OECD Analytical Database described in Section II. 
Second, the estimations necessitate an initial capital stock, in our case the capital stock at the 
beginning of 1960. Third, an assumption on the size and the time profile of the depreciation has 
to be made. Finally, a depreciation method has to be chosen. This study relies on geometric 
depreciation. 

 
There is no official information on the magnitude of the initial capital stock for any country 
except the United States. This paper follows an approach similar to that applied by Jacob, 
Sharma, and Grabowski (1997, p. 567) in order to estimate the initial capital stock. For that 
purpose, an artificial investment series for the period 1860–1959 is constructed for each country 
by assuming that investment increased by 4 percent a year during this period, finally reaching its 
observed level in 1960.11 The rationale for this assumption is that total gross investment in the 22 
OECD countries under consideration grew by 4 percent a year on average during the 
period 1960–2001. It is, of course, highly improbable that investment in the earlier period grew at 
the same rate as during the period 1960–2001, and that investment growth was the same for all 
countries. However, as historical information—especially on public investment—is not available 
for most of the countries under consideration, this study opts for an equal treatment of all 
countries.12 The results of a sensitivity analysis reported in Section V suggest that the assumption 
on the initial capital stock does not affect the dynamics of the resulting capital stock series to a 
large extent. Also, the importance of the initial capital stock on the level of the capital stock series 
fades over time. Its contribution to the level of the capital stock at the end of the sample is less 
than 10 percent for the average OECD country. 
                                                 
11 An exception to this general rule applies in the case of the United States. The Bureau of Economic Analysis (BEA) 
provides investment series starting in 1914. This information is used by chaining the OECD data which are available 
for 1960–2001 with the BEA growth rates for 1914–60. 

12 Maddison (1995) estimates gross capital stocks for six OECD countries based on investment series that in some 
cases start in the 19th century. However, he acknowledges that the assembly of the investment series is a major 
problem because historical series for different periods have to be linked and because these series rely on different 
weighting bases. Also, there are generally breaks in the historical investment series. Yet, most important for our 
purpose is that historical series on investment in general do not include a measure of government investment but only 
measures of private investment. An exception relates to the influential works of Feinstein (for example, 1972), who 
provides investment series for the public sector in the United Kingdom starting in 1856. Yet, the definition of the 
public sector in his studies differs considerably from that underlying the OECD series. 
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This assumption implies that investment and the capital stock grew smoothly over the period 
1860–1960, a simplification that needs to be justified, especially since some countries in the 
sample experienced severe damage during World War II.13 The question arises whether the 
effects of war damage on the capital stock were persistent enough to affect our estimate of the 
initial capital stock at the beginning of 1960. There are at least two reasons why war damage 
might have had little effect by 1960. First, the countries that experienced the largest war damage 
grew much faster after World War II than the countries that suffered little or no war damage.14 
Thus, real GDP in countries subject to severe war damage might well have returned to its long-
run trend by 1960.15 Second, the strong rise in GDP after World War II in these countries was 
accompanied by fast increases in investment and in the capital stock.16 As a consequence, the 
capital stock might also have returned to its long-run trend by 1960.17 All in all, there are hints 
that the effects of war damage on the capital stock in countries that were most severely affected 
had disappeared by 1960, the starting year for our capital stock estimates. The strong growth 
performance in the quarter century following World War II, often referred to as “growth 
miracle,” was distributed unevenly among OECD countries. As Broadberry (1988) states, the 
countries most hit by war damage like Japan and Germany grew much faster than countries that 
were “hardly affected by war damage, such as the United Kingdom and the United States.” The 
evidence presented in Maddison (1982, p. 55) and Eichengreen and Ritschl (1998, p. 32) further 
suggests that by 1960 real GDP in OECD countries was close to the level implied by its long-run 
growth path. Moreover, the analysis in Eichengreen and Ritschl (1998, p. 8) shows that the strong 
growth performance in Germany was not impaired by a lack of capital due to war damage. Based 
                                                 
13 In his estimation of nonresidential capital stocks for six OECD countries, Maddison (1991, pp. 284–92) assumed 
that the loss in capital stock caused by war damage amounted to 3 percent in the United Kingdom, 8 percent in 
France, 10 percent in the Netherlands, 16 percent in Germany, and 25.7 percent in Japan. These figures are subject to 
a large margin of uncertainty, though, and the war damage to productive capacities may well have been lower than 
assumed by Maddison. For example, Ritschl (2003, p. 11) reports that the industrial capital stock in Germany in 1945 
exceeded prewar levels by one-third. This capital stock was often composed of multipurpose machinery and thus 
available for civil production. Likewise, Eichengreen and Ritschl (1998, p. 8) and Giersch, Paqué, and Schmieding 
(1992, p. 17) note that war damage to the capital stock in Germany was quite limited. 

14 Maddison (1987, p. 650) reports that between 1950 and 1973 real GDP grew by 9.4 percent a year on average in 
Japan and by 5.9 percent in Germany, whereas the average annual growth rate was only 3.0 percent for the United 
Kingdom and 3.7 percent for the United States.  

15 For example, long-run growth in real GDP was remarkably stable in West Germany despite the disruptions caused 
by World War II. Calculations based on historical GDP figures drawn from Ritschl and Spoerer (1997) reveal that 
real GDP grew by 2.9 percent a year on average between 1938 and 1960 and by 3.1 percent between 1960 and 1990. 
Of course, real GDP did not grow smoothly in the first subperiod. Real GDP in 1946 was lower than in 1938 by 
roughly 60 percent. Yet, real GDP growth over the period 1946 to 1960 was extremely strong, averaging almost 
12 percent a year. 

16 Maddison (1987, p. 657) reports that between 1950 and 1973, the private capital stock on average grew in Japan by 
9.5 percent a year and in Germany by 7.2 percent. Calculations based on Luetzel (1977, p. 66) show that the total net 
capital stock in Germany grew by 7.9 percent a year on average between 1950 and 1960. Calculations based on 
Mitchell (1975) show that net investment in Germany grew by 9.7 percent a year on average between 1950 and 1960. 

17 The fall in capital stocks due to wartime disruptions was less pronounced than the fall in output (Maddison, 1982, 
p. 55), implying that the gap between capital stock levels at the end of World War II and their long-run trend was 
lower than was the case for output. 
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on these considerations we choose not to correct the capital stock estimates at the beginning 
of 1960 for war damage. 
 
The next assumption in the estimation relates to the size and the time profile of the depreciation 
rate. In this study it is assumed that the depreciation rate is time-varying for the public capital 
stock and the private nonresidential capital stock and constant for the private residential capital 
stock.18 This assumption allows taking into account the empirically observed pattern of aggregate 
depreciation rates.19 Figure 2 shows the implicit scrapping rate for the real government net capital 
stock, the real private nonresidential net capital stock, and the real private residential capital stock 
in the United States for the period 1960–2000. The implicit scrapping rate is calculated as the 
quotient of depreciation in period t  and the net capital stock at the beginning of period t  (data 
from the U.S. Bureau of Economic Analysis): 

 

100⋅=
t

t
t

K
D

s .     (5) 

 
Figure 2 reveals that the implicit scrapping rates differ considerably across the three types of 
capital. The implicit scrapping rate is highest for private nonresidential capital and lowest for 
private residential capital. Whereas the scrapping rate of private residential capital has remained 
roughly constant over the period 1960–2000, the scrapping rates of private nonresidential capital 
and of government capital have tended to rise over time. The increase is especially pronounced in 
the case of the private nonresidential capital stock, its scrapping rate having risen from about 
4½ percent in 1960 to about 9½ percent in 2000. Two developments may partly explain the rise 
in the scrapping rate: First, it may reflect an increasing weight of assets with relatively short asset 
lives; second, it may also reflect to a certain degree a shortening of asset lives. Both 
developments are characteristic of ICT-related assets that are part of the private nonresidential 
capital stock and—to a lesser extent—of the government capital stock. A similar pattern for 
implicit scrapping rates can be observed for other countries. For example, Canadian and 
Australian data reveal that implicit scrapping rates of private nonresidential and government 
capital have also risen since the 1960s. 

 

                                                 
18 This paper assumes that the time profile of the depreciation rates is the same across countries. Official estimates of 
capital stocks for different countries are in general based on different assumptions about depreciation rates. This is 
appropriate insofar as country-specific factors influence service lives. However, only a few countries have 
investigated service lives with particular care, among them the United States (OECD 2001a, p. 99). Therefore, it 
seems preferable to assume identical depreciation rates across countries for the purpose of international comparisons. 
Such a standardized approach is also adopted by Maddison (1995) and O’Mahony (1996). 

19 National authorities usually estimate the contribution of investment to the net capital stock for a large number of 
individual assets (U.S. Bureau of Economic Analysis, 1999). For most of these assets, national authorities assume 
constant depreciation rates except for assets related to information and communication technology (ICT). At the 
same time, they assume different depreciation rates for different types of assets. As the relative importance of 
different assets changes with time, so does the average depreciation rate. The latter will increase over time if assets 
with relatively short asset lives gain in importance. This paper tries to capture this phenomenon by assuming a time-
varying aggregate depreciation rate. 
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Based on this evidence, this paper makes the following assumptions about the time profile of the 
depreciation rates: For the period 1860 to 1960, the depreciation rate is assumed to be 2½ percent 
for government assets, 4¼ percent for private nonresidential assets, and 1½ percent for residential 
assets. For the period 1960–2001, it is assumed gradually to increase from 2½ percent to 
4 percent for government assets and from 4¼ percent to 8½ percent for private nonresidential 
assets,20 and it is assumed to be a constant 1½ percent for private residential assets (see Figure 2). 
Equation (6) formalizes the time profile of the depreciation rates: 

 
412001

41
1

min

max
min

+−
































⋅=
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j

j
jj

t
δ

δ
δδ  for all t = 1960, 1961, ..., 2001, (6) 

 
where j

minδ  is the depreciation rate of asset type j  in 1960 and j
maxδ  is its depreciation rate 

in 2001. 
 

Finally, the real net capital stock at the beginning of period 1+t  for investment category j  can 
be expressed (see also Bureau of Economic Analysis, 1999, p. M-5) as 
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δ  for all t = 1860,1861, ... 2001. (7) 

 
Note that the capital stock at the beginning of the initial period, 1860K , is set equal to zero. 
Equation (7) differs from equation (4) in two respects in order to increase the realism of the 
estimates. First, as discussed earlier, the equation incorporates time-varying depreciation rates. 
Second, new investment is assumed to be placed in service at midyear instead of at the end of the 
year as implied by equation (4). Investment typically occurs throughout the year, not only at the 
end of the year. Equation (7), in conjunction with the assumptions about the depreciation patterns, 
serves to estimate net capital stocks for government assets, private nonresidential and private 
residential assets. 
 
An attractive feature of the approach followed in this study is that the estimated public net capital 
stock is equivalent to the so-called productive capital stock (OECD (2001b, p. 62–63). The latter 
capital stock is the appropriate measure of capital input for productivity analyses because it 
                                                 
20 Figure 2 shows that the implicit scrapping rate calculated for BEA data sharply accelerated after 1995. To some 
extent, this probably reflects the growing importance of ICT assets characterized by asset lives that are much shorter 
than those of other assets. Because the importance of the ICT sector is considerably lower in most other industrial 
countries than in the United States (OECD, 2002c), we chose a flatter depreciation profile for the years 1995 to 2001 
than that implicit in U.S. data. 
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reflects the flows of services provided by capital more appropriately than either the net or the 
gross capital stock. Only for a homogenous asset and geometric depreciation does the distinction 
between the productive capital stock and the net capital stock vanish.21 For lack of disaggregated 
data, the present study treats public investment as a homogenous asset. 

 
To sum up, the application of the perpetual inventory method requires three important 
assumptions. First, an initial capital stock has to be constructed, here for the beginning of 1960. 
This study uses artificial investment series for the period 1860–1959 as an input for the 
estimation of the initial capital stock. Second, an assumption on the level and the time profile of 
the depreciation rate has to be made. This paper assumes that the depreciation rate is time-varying 
and different across the three types of investment considered, but the same for all countries. 
Third, a depreciation method has to be chosen. This study relies on geometric depreciation. 
Section V analyzes in detail the importance of each of these assumptions for the resulting capital 
stock estimates. 
 

IV.   CAPITAL STOCK ESTIMATES FOR 22 OECD COUNTRIES 1960–2001 

 
Figure 3 displays the evolution of the ratio of the public net capital stock and GDP, both at 1995 
prices, for the 22 OECD countries over the period 1960–2001.22 The graphs for the individual 
countries plot not only the author’s own estimates of the public capital stock, but also—where 
available—estimates from national authorities and from OECD (1997). For seven countries there 
is no benchmark against which the author’s own estimates could be assessed.23 The same holds 
for Greece, in view of the very low capital stock estimate (reported by OECD, 1997) that is due 
to a narrow definition of public investment. For those countries where alternative estimates are 
available, the general picture is that—in most cases—the dynamics of the author’s own estimates 
resemble those of the alternative estimates. In some cases, the level of the public capital–GDP 
ratios is also similar, but in general there are significant differences. This, in part, reflects the fact 
that the initial level of the author’s own estimates depends on the artificial investment series 
assumed for the period 1860–1959. Yet, the differences are also due to two other reasons: (1) for 
some countries the investment series shown in Figure 1 differ sharply from each other (Greece); 
and (2) there is a wide variety of methods applied by national authorities in the construction of 
capital stock estimates. An attractive feature of the author’s own estimates is that they rely on the 
same methodology and homogenous investment data across countries, a condition that is not 
satisfied for the alternative estimates. 

 
                                                 
21 This is not true for other depreciation methods, such as straight-line or hyperbolic depreciation. 

22 A special problem in the estimation of capital stocks relates to German reunification. The OECD investment and 
GDP series cover West Germany only for the period 1960–90, but they include East Germany from 1991 on. As 
there is no information on the magnitude of the East German capital stock at the beginning of 1991, this paper 
assumes that the ratio of the East German capital stock with respect to the West German capital stock equaled the 
ratio of East German and West German GDP in 1991 (8 percent). In the estimation, the German capital stock at the 
beginning of 1991 is thus increased by 8 percent for the three asset types considered. From 1991 on, this additional 
capital stock depreciates at the same rate as the other assets. 

23 Austria, France, Iceland, Ireland, the Netherlands, Portugal, and Switzerland. 
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Table 2 displays the value of the public capital–GDP ratio for three years of 
reference: 1980, 1990, and 2000. The average ratio for the 22 OECD countries has declined by 
6 percentage points over the period 1980–2000. Public capital as a share of GDP has declined in 
13 countries since the early 1980s; it has slightly increased in four countries while it has strongly 
risen in Greece, Japan, Portugal, Spain, and Switzerland. It does not come as a surprise that 
Greece, Portugal, and Spain figure among this group, because these countries are known to have 
made substantial efforts to improve their infrastructure after joining the European Community. 
Furthermore, it is well known that during the 1990s the Japanese government repeatedly 
attempted (in vain) to reinvigorate the sluggish economy with the help of large spending 
programs focusing on construction. According to the estimates, in 2000 Japan had by far the 
largest public capital–GDP ratio among the OECD countries considered in this study, while 
Ireland had the lowest. The large decline in the public capital–GDP ratio in Ireland during 
the 1990s mirrors the strong fall of public investment as a share of GDP during this period. Fitz 
Gerald and others (1999) state that the Irish government views the lack of infrastructure as one of 
the major impediments to growth. 

 
The last column of Table 2 shows the contribution of government investment in the period 1960–
2000 to the government net capital stock in the year 2000. As explained in the previous section, 
assumed investment data for the period 1860–1959 are used in order to estimate the initial capital 
stock at the beginning of the year 1960. The contribution of the assumed investment data to the 
initial capital stock is 100 percent, but their influence gradually fades and is quite small at the end 
of the sample. The capital stock estimates for the year 2000 are largely unaffected by the 
assumption on investment during the period 1860–1959, for which no data from official sources 
are available. Investment from 1960 onwards contributes an average 92 percent to the net capital 
stock in the year 2000, implying that the average contribution of the assumed investment data is 
only 8 percent.24 

 
Another way to compare the government capital stock across countries is to look at its absolute 
value for each person. For an international comparison of real capital stock, three conditions have 
to be met (OECD 2002a, page 8). First, the definition of the capital stock must be the same. This 
condition is fulfilled since for all countries the investment data used in the capital stock 
estimations are compiled according to the 1993 System of National Accounts. Second, the capital 
stock must be expressed in the same currency and third, the price level at which the capital stock 
is valued must be the same. The second and third conditions are not fulfilled since the capital 
stock estimates are expressed in national currency and valued at the national price. These data can 
be converted to a common currency and revalued at a common set of prices using so-called 
purchasing power parities (PPPs). Unfortunately, PPPs for the public capital stock are not 
available. Instead, a proxy for this measure has to be used. The OECD (2002a) provides PPPs for 

                                                 
24 The contribution of the initial capital stock varies between 14.3 percent in the case of Denmark and 3.0 percent in 
the case of Japan. The differences in contributions across countries are mainly due to differences in the level of 
public investment–GDP ratios over the sample period. For instance, the contribution of the initial capital stock is 
lowest in Japan because the public investment–GDP ratio there was the highest among the considered countries over 
the period 1960–2001. 
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GDP and for total gross fixed capital formation. In the following PPPs for GDP for 2000 from the 
OECD (2002b) are used in order to convert the public capital stock estimates to U.S. dollars.25 

 
Table 3 gives the real per capita public net capital stock expressed at 2000 PPPs for GDP in 
U.S. dollars for the years 1980, 1990, and 2000. The average capital stock for each person for the 
22 OECD countries has increased by 30.9 percent over the period 1980–2000 (that is, by 
1.4 percent per year). This growth rate has been lower than that of real GDP, implying that the 
public capital–GDP ratio has declined on average during this period in the OECD, as shown in 
Table 2. A comparison across countries reveals that the public capital stock per head is by far the 
highest in Japan, exceeding the average by more than 160 percent in the year 2000. As regards 
the ranking of the countries, the United States ranks considerably higher than in Table 2, but 
Greece, Portugal, and Spain rank much lower. This discrepancy can be explained by the level and 
the change in real GDP, respectively. Output growth in the United States was very fast in the 
second half of the 1990s, implying a decreasing public capital–GDP ratio during the 1990s, even 
though public capital expanded substantially at the same time. In the cases of Greece, Portugal, 
and Spain, both public capital per head and real GDP per head remain low in international 
comparison.26 However, public capital per head has increased on average much faster in these 
countries than in OECD countries over the period 1980–2000, reflecting the strong efforts to 
enhance public infrastructures in connection with their accession to the European Communities. 
 

V.   ROBUSTNESS OF THE PUBLIC CAPITAL STOCK ESTIMATES 
 
The key assumptions made in the construction of the public capital stock estimates are the 
following: (1) investment in the period 1860 to 1959 is assumed to have grown by 4 percent per 
year to finally reach its observed level in 1960; (2) the depreciation rate is time-varying and 
assumed gradually to increase for all asset types except residential assets; and (3) depreciation is 
assumed to be geometric. This section assesses the effect of these three assumptions. For that 
purpose, alternative public capital stock series are estimated for two reference countries, the 
United States and Canada, modifying in turn each of the assumptions. These alternative estimates 
are then compared with the benchmark estimates and with estimates from official sources. The 
results of this exercise are depicted in Figure 4. 

 
The upper row of Figure 4 shows public capital stock estimates for alternative assumptions on the 
initial capital stock in 1960 for the United States, as well as the official capital stock estimate 
from the U.S. Bureau of Economic Analysis. The benchmark public capital stock estimate relies 
on the public investment series provided by the U.S. Bureau of Economic Analysis for the 
period 1914–60 and assumes that public investment grew by 4 percent in the period 1860–1914.27 
The figure also shows an estimate that relies on the assumption that—as is assumed for all other 
                                                 
25 The most important qualitative results reported in the following paragraph are unaffected if PPPs for total 
investment are used instead. Detailed results are available on request. 

26 In 2000, real GDP per head amounted to 66.3 percent of the OECD average in Greece, to 72.4 percent in Portugal, 
and to 79.5 percent in Spain (OECD, 2002b, p. 339). 

27 The official growth rates provided by the U.S. Bureau of Economic Analysis for the period 1914–60 are chained 
with the OECD investment series available for 1960–2001. 
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countries—public investment in the United States grew by 4 percent in the period 1860–1959. In 
addition, Figure 4 shows an estimate that differs in the way the initial capital stock is constructed. 
This estimate of the initial public capital stock is constructed directly following a “steady-state 
approach” (Fuente and Doménech, 2002, p. 47). It follows from equation (2) that the growth rate 
of the capital stock can be expressed as 
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Thus, the capital stock at the beginning of period t  can be calculated as investment in period t  
divided by the sum of the depreciation rate and the growth rate of the capital stock in period t : 
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As the growth rate of the capital stock is unknown a priori, an assumption about its magnitude is 
needed. Neoclassical growth theory suggests that investment and capital grow at the same rate in 
the steady state. Thus, the growth rate of capital can be approximated by the growth rate of 
investment. As it is improbable that the U.S. economy was in a steady state in 1960, the growth 
rate of capital is instead approximated by the average growth rate of investment over the 
period 1960–2001. This growth rate was 2.7 percent in the case of government investment, 
5.4 percent in the case of private nonresidential investment, and 2.5 percent in the case of private 
residential investment. Finally, the investment series is filtered using a Hodrick-Prescott filter in 
order to remove its cyclical component. 

 
Figure 4(a) shows that assuming a constant 4 percent growth rate of public investment over the 
period 1914–59 instead of using the historical Bureau of Economic Analysis (BEA) investment 
growth rates does not significantly affect the resulting public capital stock series. For the 
period of interest, 1960–2000, the levels and the dynamics of both series are almost 
indistinguishable. Pronounced differences occur over the period 1940–50 only because the public 
capital stock based on BEA investment takes account of the large increase in public investment 
during World War II, whereas the alternative estimate does not. Yet the effect of this difference is 
short-lived. The figure also reveals that although the level of the public capital stock estimates is 
lower than the capital stock series reported by the BEA, the dynamics are very similar, as 
witnessed by the strong comovement of the growth rates of the public capital stock series. 
Furthermore, formal tests for equality between the means and the variances of the author’s own 
estimates and of the BEA series fail to reject the null hypothesis of equality.28 Figure 4(a) also 
depicts the author’s own estimate of the public capital stock relying on the steady-state approach. 
The time profile of this estimate differs considerably from that of the other series shown in the 
figure. While the level of the initial capital stock at the beginning of 1960 is higher than that of 
the BEA reference series, its level at the beginning of 2000 is comparable to that of the author’s 
own estimate and thus lower than that of the BEA series. Furthermore, the dynamics of this 
                                                 
28 Detailed results are available upon request. These tests are carried out for the growth rates of the series because 
unit root tests indicate that the public capital stock series are integrated to order 1.  
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estimate are significantly different from that of the other series, as can be seen in the figure. This 
visual impression is confirmed by a formal test for equality between the means and variances of 
the growth rates of this estimate and of the BEA series. These results suggest that the benchmark 
assumption on the initial capital stock made in this paper seems to be a reasonable way to 
proceed. 

 
The middle row of Figure 4 shows public capital stock estimates for alternative assumptions on 
the time profile of the depreciation rate and again contrasts these estimates with the official 
estimate reported by the BEA. The benchmark estimate assumes a time-varying depreciation rate 
increasing from 2½ percent to 4 percent, as explained in Section III. Figure 4(b) also shows the 
public capital stock for a depreciation rate that—based on implicit scrapping rates for the total 
capital stock—gradually increases from 3 percent to 6 percent over the period 1960–2001. It also 
shows the public capital stock for a depreciation rate that is constant over time and equal to the 
average implicit scrapping rate empirically observed for the United States (3½ percent for 
government assets). The figure reveals that these two estimates exhibit dynamics that differ 
significantly from those of the BEA series and of the benchmark estimate. The reason is that the 
estimate assuming a constant depreciation rate considerably overestimates the growth of public 
capital in the 1990s, whereas the estimate relying on a steeper time profile of the depreciation rate 
underestimates the growth of public capital in the 1970s and in the early 1980s. All in all, the 
benchmark assumption on the depreciation rates based on empirically observed implicit scrapping 
rates for the United States seems to be the most sensible approach, given the alternatives. 

 
Finally, the lower row of Figure 4 depicts the influence of alternative depreciation methods. 
Unlike the previous two sensitivity analyses, this exercise is not based on author’s own estimates, 
but on official estimates for Canada.29 Statistics Canada provides public capital stock estimates 
for three alternative depreciation methods—straight-line, hyperbolic, and geometric. Figure 4(c) 
shows that hyperbolic and geometric depreciation result in quite similar capital stock estimates, 
whereas the estimate based on straight-line depreciation differs considerably both in levels and 
dynamics. The level of the author’s own estimate based on geometric depreciation is in general 
lower than the Statistics Canada series based on the same depreciation method, but higher than its 
series based on linear depreciation. The dynamics of the author’s own estimates are similar to that 
of the Statistics Canada series based on geometric depreciation except for the 1960s. A formal 
test for equality between the means and variances of the growth rates of these two series cannot 
reject the null hypothesis of equality. Thus, the benchmark estimates seem sensible in the case of 
Canada also. 

 
To sum up, this section has shown the effect of various assumptions on public capital stock 
estimates. Visual inspection and tests for equality between the benchmark estimates and reference 
series reported by the U.S. BEA and Statistics Canada reveal that the benchmark estimates of 
public capital seem quite plausible. The properties of the capital stock estimates based on the 
various assumptions are further explored in the next section, where these estimates are used as 
explanatory variables in regressions according to the so-called production function approach. 

                                                 
29 As information on asset lives at the aggregate level is not available, this study cannot provide capital stock 
estimates that are comparable across depreciation methods. For this reason the capital stock estimates are based on 
implicit scrapping rates for the United States and Canada instead. See Section III for details. 
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VI.   EVIDENCE FOR THE PRODUCTION FUNCTION APPROACH 
 
This section uses alternative capital stock measures in order to estimate the elasticity of output 
with respect to public capital, applying the production function approach. Section VI.A presents 
regression results for the various capital stock estimates for the United States and Canada, and 
thus supplements the sensitivity analysis presented in the previous section. Section VI.B presents 
regression results for 22 OECD countries for capital stock estimates from different sources (that 
is, for author’s own benchmark estimates, for estimates from national sources and for estimates 
from OECD, 1997). 

 
The production function approach is one of three main approaches that have been employed in 
the empirical literature on the macroeconomic effects of public capital. The other approaches are 
the cost function approach and the vector autoregressive (VAR) approach.30 This study 
concentrates on the production function approach both because it is the simplest among the three 
approaches and because it still remains widely applied in the empirical literature. Even recent 
studies relying on the less restrictive VAR approach often provide additional estimates according 
to the production function approach as a benchmark against which to evaluate the VAR results 
(Ligthart, 2002). Thus, there is ample evidence against which the regression results of this study 
can be evaluated. 

 
The starting point of empirical applications relying on the production function approach is an 
aggregate production function of the form ),( LKFAY P= , where Y  is output, PK  is the private 
capital stock, L  is labor input, and A  is an index representing multifactor productivity. This 
expression is extended by including the public capital stock ( GK ) so that the aggregate 
production function can be written as ),,( GP KLKFAY = . Using the Cobb-Douglas form and 
taking the natural logarithm yields the regression equation that is typically employed in empirical 
studies relying on the production function approach: 
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where ty  is the log of GDP, tl  is the log of labor input, P

tk is the log of private capital, G
tk  is the 

log of public capital, and tε  is a disturbance term. As in Aschauer (1989b), a constant, 0a , and a 
time trend, t , are introduced as a proxy for multifactor productivity. The parametersα , β , and γ  
can be interpreted as elasticities of output with respect to the factors of production. 
 
An important issue raised by this specification is that of potential nonstationarity of the variables 
included in the regression. A large number of alternative unit root tests are designed to 
discriminate between nonstationary and stationary processes (Survey in Phillips and Xiao, 1998). 
We use the popular Dickey and Fuller (1979, 1981) test in order to determine whether the model 

                                                 
30 See Sturm, de Haan, and Kuper (1998) for a discussion of the three approaches, as well as for an overview of 
empirical studies. 
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variables are nonstationary. This test is applied to a total of 165 variables that are used in the 
individual-country regressions reported in Sections VI.A and VI.B.31 The test results indicate that 
the vast majority of variables is nonstationary; only 10 variables appear to be stationary in level. 
Among the variables that are nonstationary many seem to be integrated of order two rather than 
of order one according to the test results. Yet it is well known that unit root tests have low power 
to discriminate between unit root and near unit root processes (Enders, 1995, p. 251–54).32 This 
problem is especially pronounced for small samples (Campbell and Perron, 1991). One way to 
alleviate the problem is to make use of the cross-sectional dimension of the data and to apply 
panel unit root tests to the variables. The results of two popular panel unit root tests suggest that 
the variables are integrated to the first order.33 The individual-country regressions are thus also 
based on this finding. 
  
Since the variables are nonstationary estimation of equation (10) makes sense only if the 
variables are cointegrated. There are many alternative methods that can be used to test for 
cointegration (see the survey in Dolado, Gonzalo, and Marmol, 2001). In this paper the two-step 
procedure initially proposed by Engle and Granger (1987) is applied. In the first step, 
equation (10) is estimated by ordinary least squares (OLS) and in the second step an augmented 
Dickey-Fuller test is performed on the residual sequence }ˆ{ tε  in order to determine whether it 
has a unit root. The null hypothesis of the test is that the residual sequence has a unit root or, in 
other words, that the variables are not cointegrated. Note that the critical values of the Engle-
Granger test are larger in absolute value than those of the standard Dickey-Fuller test because the 
sequence }ˆ{ tε  is generated from a regression equation. The appropriate small-sample critical 
values can be derived from MacKinnon (1991). If the variables are cointegrated, the OLS 
estimates from regression (10) will be superconsistent, in the sense that they converge faster to 
their true values in probability than in OLS regressions using stationary variables (Stock, 1987). 
However, if the variables are not cointegrated, estimating equation (10) in levels might give rise 
to a spurious-regression problem. Instead, it is appropriate to difference the variables in order to 
induce  
stationarity. In this case the regression equation takes the form 
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where ∆  is the first-difference operator and tυ  is a disturbance term. 
 
                                                 
31 Detailed results are available on request. We use the so-called augmented Dickey-Fuller test that is asymptotically 
valid in the presence of serial correlation in the errors, including two additional lags of the respective variable. The 
test is first carried out for the variables in levels. In this case the test equation includes a constant and a linear time 
trend. If the null hypothesis of a unit root cannot be rejected at the 5 percent significance level, the test is also carried 
out for the variables in first differences. In this case the test equation includes a constant. If the null hypothesis of a 
unit root still cannot be rejected, the test is also carried out for the variables in second differences. Small-sample 
critical values are derived from MacKinnon (1991). 

32 The power of a test is the probability that it will correctly lead to a rejection of a false null hypothesis. 

33 We use the panel unit root tests proposed by Levin, Lin, and Chu (2002) and Im, Pesaran, and Shin (2003). 
Detailed results are available on request. 
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A.   Estimates of Public Capital Productivity for Alternative Capital Measures 
 

This section supplements the sensitivity analysis and reports estimates of the elasticity of output 
with respect to public capital for the United States and Canada, using the various public capital 
stock estimates discussed in Section V. Real GDP and employment data are taken from the 
OECD Analytical Database; public and private capital stocks are estimates calculated using the 
alternative assumptions on the initial capital stock and the depreciation rate and depreciation 
method considered in the previous section. The private capital stock is the sum of private 
nonresidential and private residential capital. The private capital stocks are estimated using 
exactly the same method as the estimation of government capital. The benchmark estimation 
assumes that the depreciation rate increases from 4¼ percent to 8½ percent for private 
nonresidential assets, although it is assumed to be constant for private residential assets 
(1½ percent). Two alternatives are considered regarding the time profile of the depreciation rate. 
The first alternative assumes that the depreciation rate increases from 3.0 percent to 6.0 percent 
over the period 1960–2001 for all assets. The second alternative assumes that the depreciation 
rate is time-invariant and—based on average implicit scrapping rates for the United States—is 
equal to 6.0 percent for private nonresidential capital and 1½ percent for private residential 
capital. Finally, the capital stocks for Canada for alternative depreciation methods are official 
estimates provided by Statistics Canada.  
 
Table 4 reports estimates of the elasticity of output with respect to public capital for the United 
States and Canada using the various public capital stock estimates. Figures in bold indicate 
whether the elasticity is taken from the model in levels or first differences, depending on the 
results of the test for cointegration. Table 4 shows that the Engle-Granger test statistic is lower in 
absolute value than the 5 percent critical value in all cases. The test results, thus, suggest that 
there is no cointegration among the variables and, by implication, that the production function as 
formalized in equation (10) does not constitute a stable long-run relationship. As a consequence, 
all estimates are based on the model in first differences.34 The estimated elasticities of output with 
respect to public capital are all statistically significant and have the expected (positive) sign. The 
estimates are, however, in general very high, ranging from 0.40 to 0.86 and thus implying what 
Aschauer (1995, p. 91) has called “supernormal” returns to public capital. Yet, this is a common 
finding in the literature. For example, Sturm and de Haan (1995, p. 64) report elasticities of 
output with respect to public capital of 0.67 for the United States and 0.71 for a model similar to 
equation (10), estimated in first differences. 
 
Moreover, the regressions reveal another problem associated with the production function 
approach: the difficulty of interpreting the regression results as representing the input elasticities 
of output. The estimates of the coefficient on labor input are larger than one and the estimates of 
the coefficient on private capital are negative in all regressions.35 Taken at face value, these 
results suggest not only that public capital is much more productive than private capital but also 
                                                 
34 As the usual inference procedures are inappropriate in the presence of nonspherical disturbances, the t-statistics 
reported in Tables 4 and 5 are based on the Newey and West (1987) heteroskedasticity and autocorrelation consistent 
covariance estimator. 

35 These estimates are not reported in Table 4. Detailed results are available on request. While the coefficient of 
employment is statistically significant in all cases, the coefficient on private capital is insignificant in most cases. 
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that private capital is not productive at all. Again, such a finding is not uncommon in the 
literature. For example, Sturm and de Haan (1995, p. 64) report that their estimates for the United 
States imply a large negative elasticity of output with respect to private capital. There are several 
reasons to be cautious in interpreting this finding: (1) the assumed functional form of the 
production function may not be an appropriate description of the data, (2) the exogeneity 
assumptions underlying the production function approach may not be satisfied, and (3) the 
regressions may suffer from a multicollinearity problem. This might be a reason why the 
coefficient on private capital is statistically insignificant in most cases and has the unexpected 
negative sign. Multicollinearity among the regressors is frequently cited as a problem in the 
empirical literature estimating production functions and cost functions for individual countries 
(see the survey by Sturm, de Haan, and Kuper, 1998).36 One way to deal with this problem is to 
exploit the cross-sectional dimension of the data and to estimate panel data models instead of 
carrying out individual-country regressions. The panel estimate reported in the next section 
indeed suggests that the implausible value for the elasticity of output with respect to private 
capital found in the individual-country regressions may be the result of a multicollinearity 
problem. 

 
B.   Estimates of Public Capital Productivity for 22 OECD Countries 

 
Table 5 reports estimates of the elasticity of output with respect to public capital for the 22 OECD 
countries for equation (10) using public capital stock estimates from three alternative sources: 
first, author’s own estimates; second, estimates from national sources; and third, estimates from 
OECD (1997). The table reveals the main advantage of the author’s own capital stock estimates. 
Equation (10) can be estimated for 22 countries while the alternative sources allow for only 10 
and 11 individual-country regressions, respectively. The estimates of the elasticity of output with 
respect to public capital are based on the model in first differences with one exception (Belgium) 
since the augmented Engle-Granger test fails to reject the null hypothesis of no cointegration in 
all cases but one. Most of the coefficients are statistically insignificant for the estimations based 
on data from other sources. This result is similar to that of Ford and Poret (1991), who estimated 
models based on the production function approach for 11 OECD countries using capital stock 
data from an earlier volume of OECD (1997). In contrast, most of the coefficients stemming from 
estimations based on author’s own capital stock estimates are statistically significant. Yet, in 
those cases where the elasticity of output with respect to public capital is significant, it is again 
quite large. Moreover, for some countries the coefficient on private capital—not reported in the 
table—is negative, making it difficult to interpret the estimated coefficients as parameters of a 
Cobb-Douglas production function. 
 
The last row of Table 5 reports the elasticity of output with respect to public capital for a panel 
consisting of all 22 OECD countries. This estimate is based on a regression equation similar to 
equation (11) where the intercept is allowed to vary across countries while the input elasticities of 
output are assumed to be the same across countries (estimation by fixed effects).37 The advantage 
                                                 
36 Kennedy (1998, p. 187) even cites the estimation of the Cobb-Douglas production function as “the classical 
example” of multicollinearity. 

37 The estimation of a dynamic panel model and tests for panel cointegration (for example, in Canning and Pedroni, 
1999) are beyond the scope of this study and a fruitful avenue for further research. 
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of the panel regression over the individual-country regressions is obviously the much higher 
number of observations: while most individual-country regressions have 37 degrees of freedom, 
the panel regression has more than 800 degrees of freedom. Consequently, the parameters of 
interest can be estimated much more precisely. The estimation results for the panel model 
indicate that the output elasticities of public capital (0.22), of private capital (0.19), and of labor 
input (0.61) take on sensible values.38 Not surprisingly, a test for constant returns to scale in all 
inputs fails to reject the null hypothesis. 
 

VII.   CONCLUSION 
 

This paper provides new estimates of the government net capital stock for 22 OECD countries for 
the period 1960–2001. This data set has several attractive features compared to existing 
alternatives. First, the same estimation approach is used across all countries, ensuring a maximum 
degree of international comparability. Second, the estimates are based on investment data 
(compiled by the OECD) that are homogenous across countries. Third, these investment data 
have been compiled according to the 1993 System of National Accounts, whereas the data 
reported in OECD (1997) were compiled according to the old 1968 System of National Accounts. 
Finally, the dataset covers 22 countries and 42 years for each country and is, thus, much larger 
than any existing alternative. 
 
The public capital stock estimates reveal that public capital–GDP ratios have tended to decline in 
most OECD countries since the late 1970s. The estimates further show that a considerable 
disparity exists in the public capital endowment of OECD countries, even though some 
convergence has taken place in the past two decades. A sensitivity analysis regarding the main 
estimation assumptions suggests that the benchmark estimates of public capital stocks are 
reasonable when compared to estimates from official sources for the United States and Canada. 
Regression results based on the production function approach indicate that the elasticity of output 
with respect to public capital is positive and statistically significant in most countries. This is 
confirmed by the results of a simple panel regression showing that public capital is productive on 
average in OECD countries. 
 
The capital stock data may prove useful for applied research on the macroeconomic effects of 
public capital in several respects. First, they may allow an assessment of public capital 
productivity for countries for which such estimates have not been available so far because of a 
lack of public capital stock data. Moreover, they may be used in the estimation of models based 
on dynamic panel regression techniques aiming to uncover the average effect of public capital in 
OECD countries. Finally, they may be employed in the estimation of VAR models—the most 
commonly used framework in the recent empirical literature. 

 

                                                 
38 The elasticities of output with respect to private capital and labor input are not reported in the table. All elasticities 
are significant at the 5 percent level. Detailed results are available on request. 
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Figure 1. Real Government Gross Fixed Capital Formation in 22 OECD Countries 1960–2001 
(As a percentage of real GDP) 
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Sources: Series labeled “OECD ADB” are taken from the OECD Analytical Database, Version June 2002. Series 
labeled “National source” are estimates from national authorities. Series labeled “OECD FSFC” are calculated as 
follows: the gross investment series are taken from the OECD (1997), Flows and Stocks of Fixed Capital 1970–96, 
and divided by GDP series taken from the OECD (1998), National Accounts Vol. 1, Main Aggregates, 1960–96. 
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Figure 1 (continued). Real Government Gross Fixed Capital Formation in 22 OECD Countries 
(As a percentage of real GDP) 
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Sources: Series labeled “OECD ADB” are taken from the OECD Analytical Database, Version June 2002. Series 
labeled “National source” are estimates from national authorities. Series labeled “OECD FSFC” are calculated as 
follows: the gross investment series are taken from the OECD (1997), Flows and Stocks of Fixed Capital 1970–96, 
and divided by GDP series taken from the OECD (1998), National Accounts Vol. 1, Main Aggregates, 1960–96. 



- 23 - 

Figure 2. Implicit Scrapping Rates for the United States 1960–2000 
(In percent) 
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Sources: U.S. Bureau of Economic Analysis (BEA) and author’s calculations. 
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Figure 3. Real Government Net Capital Stock in 22 OECD Countries 1960–2001 
(As a percentage of real GDP) 
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Notes: Series labeled “National source” are estimates from national authorities. Series labeled “OECD FSFC” are 
calculated as follows: the capital stock series are taken from the OECD (1997), Flows and Stocks of Fixed 
Capital 1970-1996, and divided by GDP series taken from the OECD (1998), National Accounts Vol. 1, Main 
Aggregates, 1960–1996. 
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Figure 3 (continued). Real Government Net Capital Stock in 22 OECD Countries 1960–2001 
(As a percentage of real GDP) 
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Sources: Series labeled “National source” are estimates from national authorities. Series labeled “OECD FSFC” 
are calculated as follows: the capital stock series are taken from the OECD (1997), Flows and Stocks of Fixed 
Capital 1970–96, and divided by GDP series taken from the OECD (1998), National Accounts Vol. 1, Main 
Aggregates, 1960–96. 
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Figure 4. Government Net Capital Stocks for Alternative Estimation Assumptions 
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Notes: Series labeled “BEA estimate” are from the U.S. Bureau of Economic Analysis (BEA). The series for 
Canada except the one labeled “own estimate” are from Statistics Canada. See Appendix for details. 
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Table 1. Coverage of Government Gross Fixed Capital Formation 
 

Country OECD ADB National data OECD FSFC 

    
Australia General government General government PGS 4/ 

Austria General government General government  
Belgium General government Public administration 1/ PGS 4/ 

Canada General government Public administration 2/ PGS 4/ 

Denmark General government General government PGS 4/ 

Finland General government General government PGS 4/ 

France General government   
Germany General government General government PGS 4/ 

Greece General government  General government 
Iceland General government   
Ireland General government   
Italy General government Public administration 1/ PGS 4/ 

Japan Public sector General government  
Netherlands General government   
New Zealand Public sector Public sector  
Norway General government General government PGS 4/ 

Portugal General government   
Spain General government Public administration 3/  
Sweden General government  PGS 4/ 

Switzerland General government   
United Kingdom General government General government PGS 4/ 

United States Public sector Public sector  
    

 
Notes: The general government sector comprises the central, local, and state government subsectors including 
social security funds. The public sector comprises the general government and nonfinancial public corporations. 
See IMF (2001) for details. The column “OECD ADB” refers to the OECD Analytical Database, which provides 
the investment series used in the calculation of author’s own capital stock estimates. The column “National data” 
refers to government capital stock data available from national authorities (see Appendix for details) and the 
column “OECD FSFC” refers to the OECD (1997) publication Flows and Stocks of Fixed Capital 1970–1996. In 
Section III, the author’s own capital stock estimates will be compared to data from these sources. 
 
1/ Public administration and defense services, compulsory social security services (ISIC category). 
2/ Public administration, educational services, and health care and social assistance (ISIC category). 
3/ Public administration, educational services, and health care and social assistance provided by the government 
(no private provision included) plus investment in infrastructure provided by public corporations. 
4/ Producers of government services. The coverage of “PGS” is somewhat smaller than that of the general 
government since the latter also includes departmental enterprises (Florio, 2001, p. 185). Moreover, capital 
stocks in OECD (1997) were based on classifications of government activities according to the 1968 System of 
National Accounts whereas recent national data are based on classifications according to the 1993 System of 
National Accounts. 
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Table 2. Government Net Capital Stock in 22 OECD Countries 
 

(As a percentage of GDP, both at 1995 prices) 
 

 1980 1990 2000 
 (1) (2) (3) (4) (5) (6) (7) 

Country Ratio1 Rank2 Ratio1 Rank2 Ratio1 Rank2 Reliability3 

        
Australia  53.8 11  46.5 17  40.0 19 91.5 
Austria  75.4  6  69.3  3  57.0  3 90.8 
Belgium  40.2 20  45.5 18  37.9 21 94.4 
Canada  41.6 19  40.0 21  38.4 20 91.5 
Denmark  76.4  4  60.8  6  45.9 15 85.7 
Finland  43.7 17  47.1 16  46.9 14 94.6 
France  55.0 10  53.0  8  54.0  6 91.3 
Germany  58.4  9  52.0 10  47.1 13 91.4 
Greece  44.4 16  51.9 11  51.0  7 92.3 
Iceland  48.4 13  50.5 12  50.7  8 94.8 
Ireland  75.9  5  66.8  5  35.2 22 92.9 
Italy  44.7 15  49.0 13  47.9 12 90.8 
Japan  97.7  2  95.7  2 117.1  1 97.0 
Netherlands  80.2  3  68.9  4  56.4  4 89.0 
New Zealand 110.3  1 102.4  1  76.6  2 89.1 
Norway  49.3 12  52.5  9  50.5  9 94.6 
Portugal  27.9 22  32.0 22  43.3 16 96.2 
Spain  35.8 21  40.9 19  48.0 11 95.7 
Sweden  42.1 18  40.2 20  42.0 17 92.4 
Switzerland  46.1 14  48.4 15  54.7  5 94.7 
United Kingdom  63.9  7  48.5 14  40.3 18 86.8 
United States  59.9  8  54.1  7  50.0 10 89.4 

         
Average4  57.8   55.3   51.4  92.1 
Standard deviation  20.6   17.0   17.1   3.0 

        
 
Source: Author’s own estimates and calculations. 
1/ The columns labeled “Ratio” give the ratio of the government capital stock and GDP (in percent). 
2/ The columns labeled “Rank” give the ranking of the countries according to the size of their capital to GDP 
ratio, the country with the highest ratio ranking first.  
3/ The column labeled “Reliability” gives the contribution of government investment in the period 1960–1999 to 
the net capital stock at the beginning of 2000 (in percent). The difference between 100 percent and this figure 
reflects the contribution of government investment in the period 1860–1959, for which official data are not 
available. 
4/ Unweighted average. 
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Table 3. Government Net Capital Stock per Head in 22 OECD Countries 
(At 2000 PPPs in U.S. dollars) 

 
 1980 1990 2000 

Country Capital 1/ Rank 2/ Capital 1/ Rank 2/ Capital 1/ Rank 2/ 

       
Australia  8547.5 12  8731.5 16  9416.5 16 
Austria 13111.1  5 14925.4  3 14719.5  4 
Belgium  6756.7 18  9282.5 12  9272.4 17 
Canada  7960.2 13  8894.2 15 10124.8 14 
Denmark 13483.8  4 12951.4  8 11830.0 10 
Finland  6582.8 19  9218.5 13 10928.6 12 
France  9479.3  9 10961.4  9 12843.1  7 
Germany 12041.0  7 13032.6  7 11841.0  9 
Greece  4720.7 20  5626.2 21  6674.2 21 
Iceland  8705.8 11 10666.7 10 12429.0  8 
Ireland  6984.5 16  8522.6 18  8365.8 20 
Italy  6908.0 17  9416.1 11 10557.4 13 
Japan 16684.0  1 23115.8  1 31692.8  1 
Netherlands 13740.2  3 13871.0  6 14157.8  6 
New Zealand 14919.0  2 16651.9  2 14532.8  5 
Norway  6986.1 15  9089.7 14 11540.0 11 
Portugal  2391.7 22  3759.9 22  6582.0 22 
Spain  3831.6 21  5645.3 20  8465.1 19 
Sweden  7122.8 14  8205.3 19  9848.9 15 
Switzerland 11498.3  8 14067.2  5 16169.4  3 
United Kingdom  8862.1 10  8574.1 17  8627.5 18 
United States 12640.2  6 14230.5  4 16397.4  2 
       
Average 3/  9270.8  10883.6  12137.1  
Standard deviation  3766.3   4263.1   5182.5  

       
 

Sources: Author’s own estimates and calculations. 
 
1/ The columns labeled “Capital” give the level of the government net capital stock per head at 2000 purchasing 
power parities (PPP) for GDP in U.S. dollars. Purchasing power parities for GDP in national currency per 
U.S. dollar are taken from the OECD (2002b). Population figures are taken from the OECD Analytical Database, 
Version June 2002. 
2/ The columns labeled “Rank” give the ranking of the countries according to the level of public capital per head, 
the country with the highest level ranking first. 
3/ Unweighted average. 
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Table 4. Elasticities of Output with Respect to Public Capital for the United States and 
Canada for Alternative Capital Stock Measures 

 
  Elasticity Cointegration test 2/ 

Model Sample Levels Differences Test statistic 

     
(a) United States: Alternative assumptions on the initial capital stock 

     

Benchmark 1960–2001  0.817  0.793 1/  -2.323 
  (7.153) (3.146)  

Steady-state approach 1960–2001  1.032  0.855 1/ -2.970 
  (6.284) (2.536)  

4% growth rate 3/ 1960–2001  0.771  0.757 1/ -2.216 
  (7.163) (3.281)  

BEA capital stock 1960–2001  1.107  0.786 1/ -1.812 
   (7.500)  (2.668)  
     

(b) United States: Alternative assumptions on depreciation rates 
     

3%–6% for all assets 1960–2001  0.710  0.688 1/ -2.236 
  (6.630) (3.004)  

Constant 3/ 1960–2001  0.815  0.723 1/ -2.890 
  (6.805) (2.857)  
     

(c) Canada: Alternative depreciation methods 
     

Straight-line 1961–2001  0.413  0.398 1/ -2.178 
  (9.038) (4.879)  

Geometric 1961–2001  0.505  0.506 1/ -2.576 
  (10.001) (5.690)  

Hyperbolic 1961–2001  0.467  0.450 1/ -2.220 
  (8.013) (4.749)  

Own (geometric) 1960–2001  0.711  0.607 1/ -2.809 
  (7.836) (3.364)  
     

 
Source: Author’s own estimates and calculations. 
1/ t-values based on the Newey and West (1987) heteroscedasticity and autocorrelation consistent covariance 
estimator in parentheses. * denotes statistical significance at the 5 percent level. Elasticities in the column labeled 
“Levels” are printed in bold if the variables are cointegrated; otherwise the elasticity for the corresponding model 
estimated in first differences reported in the column labeled “Differences” is printed in bold. 
2/ This paper uses the so-called augmented Engle-Granger test, performing an augmented Dickey-Fuller test on 
the residuals of the model in levels (equation (10)). The MacKinnon (1991) 5 percent critical value for rejection 
of the null hypothesis of no cointegration is -4.795 for the sample 1960–2001. 
3/ The growth rate of investment in the period 1914–59 is assumed to be 4 percent per annum. The benchmark 
estimates, instead, rely on historical growth rates of investment reported by the BEA. 
4/ The depreciation rate is assumed to be constant over time. Based on the average implicit scrapping rate over 
the period 1960–2000 the depreciation rate is assumed to be 3½ percent for government capital, 6 percent for 
private nonresidential capital and 1½ percent for private residential capital. 
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Table 5. Elasticities of Output with Respect to Public Capital for 22 OECD Countries for 
Capital Stock Estimates from Different Sources 1/ 

 
 Author’s own estimates National source OECD (1997) 
Country Sample Elasticity Sample Elasticity Sample Elasticity 
Australia 1960–2001 0.648* 1960–2001 0.041 1970–95 -0.179
  (3.354) (0.320)  (-0.528)
Austria 1965–2001 0.631*  
   (2.275)  
Belgium 1960–2001  0.248* 1970–2000 0.041 1970–95 -0.463*
   (3.877) (0.320)  (2.876)
Canada 1960–2001  0.608* 1961–2001 0.506 1970–95 0.642*
  (3.365) (5.690)  (2.397)
Denmark 1960–2001  1.265* 1971–92 0.265
  (5.030)  (1.159)
Finland 1960–2001 0.738* 1970–96 -0.271*

 (2.953)  (-2.032)
France 1965–2001 0.777*  
  (2.575)  
Germany 1960–2001  0.877* 1960–1990 0.762* 1970–94 -0.875
  (4.072) (2.958)  (-1.727)
Greece 1961–2001 0.602 1970–89 0.784*
  (1.360)  (4.598)
Iceland 1967–2001  0.045  
  (0.099)  
Ireland 1960–2001 -0.068  
  (-0.224)  
Italy 1960–2001 0.153 1980–2000 0.498 1979–96 1.369
  (0.580) (1.271)  (1.749)
Japan 1960–2001 0.570 1990–2000 -0.115  
  (1.830) (-0.420)  
Netherlands 1969–2001  0.897  
  (2.797)  
New Zealand 1962–2001  0.087 1987–97 -1.726*  
  (0.270) (-2.479)  
Norway 1960–2001 0.243 1970–2000 0.053 1978–1994 0.032
  (0.811) (0.465)  (0.376)
Portugal 1960–2001 -0.568  
  (-1.580)  
Spain 1961–2001  0.346 1980–95 0.180*  
  (1.649) (2.571)  
Sweden 1960–2001  0.551* 1979–1994 -0.353
  (2.716)  (-1.499)
Switzerland 1960–2001  0.524*  
  (2.905)  
United Kingdom 1960–2001 0.404* 1986–1996 0.164
  (2.761)  (0.763)
United States 1960–2001  0.793* 1960–2000 0.786*
  (3.146) (2.666)  
OECD (Panel) 1960–2001  0.221*  
  (3.677)  
 
1/ t-values based on the Newey and West (1987) covariance estimator in parentheses. * denotes statistical 
significance at the 5 percent level. The model is estimated in first differences in all cases except one (Belgium for 
data from national sources) based on the results of Engle-Granger tests for cointegration. 
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NATIONAL DATA SOURCES 
 
This appendix provides summary information on 13 OECD countries for which public capital 
stock estimates from national sources are available. Public capital stock estimates from national 
sources are not available for the following countries: Austria, France, Greece, Iceland, Ireland, 
the Netherlands, Portugal and Switzerland. For Sweden, public capital stock data are available at 
http://www.scb.se/ for local governments only. 
 
Australia 
Capital stocks are estimated by the Australian Bureau of Statistics and are published in 
“Australian System of National Accounts.” Data are available for the period 1960–2000 at 
http://www.abs.gov.au/ . Stocks are calculated according to the perpetual inventory method; 
depreciation is assumed to follow a hyperbolic pattern. Coverage: General government. 
 
Belgium 
Capital stocks are estimated by the National Accounts Institute (NAI) and are included in the 
National Socio-Economic Database. Data are available for the period 1970–2000 at 
http://www.nbb.be/belgostat/. Coverage: Public administration and defense services, compulsory 
social security services. 
 
Canada 
Capital stocks are estimated by Statistics Canada. Data are available for the period 1961–2001 at 
http://www.statcan.ca/english/CANSIM/ (CANSIM Table 031-0002). Stocks are calculated 
according to the perpetual inventory method; estimates are provided for three alternative 
depreciation schemes (straight line, geometric, and hyperbolic). Coverage: Public administration, 
educational services, and health care and social assistance. 
 
Denmark 
Capital stocks are estimated by Danmarks Statistics and are included in the database Danmarks 
Statistikbank. Data are available for the period 1966–2001 at http://www.statistikbanken.dk . 
Coverage: General government. 
 
Finland 
Capital stocks are estimated by Statistics Finland. Data for the period 1975–2001 were provided 
by ETLA (The Research Institute for the Finnish Economy). Coverage: General government. 
 
Germany 
Capital stocks are estimated by Statistisches Bundesamt. For West Germany, net capital stocks 
for the period 1960-95 according to the former European System of National Accounts 
(ESA 1979) are available at http://www-zr.destatis.de/ . For Germany as a whole, only gross 
capital stocks are available for the period 1991–2000. These data were published in 2001 in 
“Hauptbericht, Fachserie 18: Volkswirtschaftliche Gesamtrechnungen, Reihe 1.3” and are not 
available online. Coverage: Public sector (including NFPEs). 
 

http://www.scb.se/
http://www.abs.gov.au/
http://www.nbb.be/belgostat/
http://www.statcan.ca/english/CANSIM/
http://www.statistikbanken.dk
http://www-zr.destatis.de/
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Italy 
Capital stocks are estimated by the Istituto Nazionale di Statistica (ISTAT). Data are available for 
the period 1980-2000 at http://www.istat.it/. Stocks are calculated according to the perpetual 
inventory method; depreciation is assumed to follow a straight-line pattern. Coverage: Public 
administration and defense services, compulsory social security services. 
 
Japan 
Capital stocks are estimated by the Economic and Social Research Institute (ESRI) and are 
published in the “Annual Report on National Accounts”. Data are available for 1955–2000 at 
http://www.esri.cao.go.jp/. Coverage: Data are available for the general government and for the 
public sector (including NFPEs). 
 
New Zealand 
Capital stocks are estimated by Statistics New Zealand; the most recent results were published in 
the “Upgraded National Accounts 2000.” Data are available for 1987–97 at 
http://www.stats.govt.nz/. Coverage: Public sector (General government including all 
government-owned producer enterprises). 
 
Norway 
Capital stocks are estimated by Statistics Norway and are published in the “Annual National 
Accounts.” Data are available at http://www.ssb.no/nr_en/ for the period 1970–2000. Coverage: 
General government. 
 
Spain 
Capital stocks are estimated by the Ministry of Finance and are included in the BD.MORES 
database. Stocks are calculated according to the perpetual inventory method, depreciation is 
assumed to follow a geometric pattern. Data for the period 1964–95 are available at 
http://www.igae.minhac.es/.Coverage: Data are available for the general government and for the 
public sector (including NFPEs). 
 
United Kingdom 
Capital stocks are estimated by the Office for National Statistics (ONS) and are published in the 
“Blue Book.” Data are available at http://www.statistics.gov.uk/statbase/ for the period 1948–
2000. Stocks are calculated according to the perpetual inventory method; depreciation is assumed 
to follow a straight-line pattern. Coverage: Public sector. 
 
United States 
Capital Stocks are estimated by the U.S. Department of Commerce, Bureau of Economic 
Analysis (BEA). Data for 1925–2000 are available at http://www.bea.gov/bea/dn/faweb/. Stocks 
are calculated according to the perpetual inventory method; depreciation is assumed to follow a 
geometric pattern. Coverage: Public sector (general government plus government enterprises). 

http://www.istat.it/
http://www.esri.cao.go.jp/
http://www.stats.govt.nz/
http://www.ssb.no/nr_en/
http://www.igae.minhac.es/.Coverage:
http://www.statistics.gov.uk/statbase/
http://www.bea.gov/bea/dn/faweb/


 - 34 - 

REFERENCES 
  

Aschauer, David Alan, 1989a, “Does Public Capital Crowd Out Private Capital?” Journal of 
Monetary Economics, Vol. 24 (September), pp. 171–88. 

———, 1989b, “Is Public Expenditure Productive?” Journal of Monetary Economics, Vol. 
23 (March), pp. 177–200. 

 
———, 1995, “Infrastructure and Macroeconomic Performance: Direct and Indirect 

Effects,” in The OECD Jobs Study: Investment, Productivity and Employment (Paris: 
Organization for Economic Cooperation and Development). 

Berndt, Ernst R., and Bengt Hansson, 1991, “Measuring the Contribution of Public 
Infrastructure Capital in Sweden,” NBER Working Paper No. 3842 (Cambridge, 
Massachusetts: National Bureau of Economics Research). 

 

Boskin, Michael J., Marc S. Robinson, and Alan M. Huber, 1987, “New Estimates of State 
and Local Government Tangible Capital and New Investment,” NBER Working 
Paper No. 2131 (Cambridge, Massachusetts: National Bureau of Economic 
Research). 

Broadberry, Stephen, 1988, “The Impact of the World Wars on the Long Run Performance of 
the British Economy,” Oxford Review of Economic Policy, Vol. 4 (Spring), pp. 25–
37. 

Campbell, JohnY., and Pierre Perron, 1991, “Pitfalls and Opportunities: What 
Macroeconomists Should Know about Unit Roots?” in NBER Macroeconomics 
Annual 1991, ed. by Oliver J. Blanchard and Stanley Fischer (Cambridge, 
Massachusetts: MIT Press). 

Canning, David, and Peter Pedroni, 1999, “Infrastructure and Long Run Economic Growth,” 
Center for Analytic Economics (CAE) Working Paper No. 99-09 (Ithaca, New York: 
Cornell University). 

Demetriades, P.O., and T.P. Mamuneas, 2000, “Intertemporal Output and Employment 
Effects of Public Infrastructure Capital: Evidence from 12 OECD Economies,” 
Economic Journal, Vol. 110 (July), pp. 687–712. 

Dickey, David A., and Wayne A. Fuller, 1979, “Distribution of Estimators for 
Autoregressive Time Series with a Unit Root,” Journal of the American Statistical 
Association, Vol. 74 (June), pp. 427–31. 

———, 1981, “Likelihood Ratio Statistics for Autoregressive Time Series with a Unit 
Root,” Econometrica, Vol. 49 (July), pp. 1057–72. 



 - 35 - 

Dolado, Juan J., Jesus Gonzalo, and Francesca Marmol, 2001, “Cointegration.” in A Com-
panion to Theoretical Econometrics, ed. by Badi H. Baltagi, Blackwell Companions 
to Contemporary Economics (Oxford: Blackwell). 

Eichengreen, Barry, and Albrecht Ritschl, 1998, “Winning the War, Losing the Peace? 
Britain’s Post-War Recovery in a West German Mirror,” CEPR Discussion Paper 
No.1809 (London: Center for Economic Policy Research). 

 
Enders, Walter, 1995, Applied Economic Time Series (New York: John Wiley & Sons). 

Engle, Robert F., and C.W.J. Granger, 1987, “Co-Integration and Error Correction: 
Representation, Estimation, and Testing,” Econometrica, Vol. 55 (March), pp. 251–
76. 

European Commission, International Monetary Fund, Organization for Economic 
Cooperation and Development, United Nations, and World Bank, 1993, System of 
National Accounts 1993 (Brussels: Commission of the European Communities). 

Evans, Paul, and Georgios Karras, 1994, “Is Government Capital Productive? Evidence from 
a Panel of Seven Countries,” Journal of Macroeconomics, Vol. 16 (Spring), pp. 271–
79. 

Feinstein, C.H., 1972, National Income, Expenditure and Output of the United Kingdom, 
1855–1965, Studies in the National Income and Expenditure of the United Kingdom, 
Vol. 6 (Cambridge: Cambridge University Press). 

Fitz Gerald, John, and others, eds., 1999, “National Investment Priorities for the 
Period 2000–2006,” ESRI Policy Research Series, No. 33 (Dublin: Economic and 
Social Research Institute). 

Florio, Massimo, 2001, “On Cross-Country Comparability of Government Statistics: Public 
Expenditure Trends in OECD National Accounts,” International Review of Applied 
Economics, Vol. 15 (April), pp. 181–98. 

Ford, Robert, and Pierre Poret, 1991, “Infrastructure and Private-Sector Productivity,” OECD 
Economic Studies, Vol. 17 (Autumn), pp. 63–89. 

Fuente, Angel de la, and Rafael Doménech, 2002, “Human Capital in Growth Regressions: 
How Much Difference Does Data Quality Make? An Update and Further Results,” 
CEPR Discussion Paper No. 3587 (London: Center for Economic Policy Research). 

Giersch, Herbert, Karl-Heinz Paqué, and Holger Schmieding, 1992, The Fading Miracle: 
Four Decades of Market Economy in Germany (Cambridge: Cambridge University 
Press). 

Gramlich, E.M., 1994, “Infrastructure Investment: A Review Essay,” Journal of Economic 
Literature, Vol. 32 (September), pp. 1176–96. 

 



 - 36 - 

Holtz-Eakin, Douglas, 1993, “State-Specific Estimates of State and Local Government 
Capital,” Regional Science and Urban Economics, Vol. 23 (April), pp. 185–209. 

Im, Kyung So, M. Hashem Pesaran, and Yongcheol Shin, 2003, “Testing for Unit Roots in 
Heterogeneous Panels,” Journal of Econometrics, Vol. 115 (July), pp. 53–74. 

International Monetary Fund, 2001, Government Finance Statistics Manual 2001 
(Washington). 

Jacob, Verughese, Subhash C. Sharma, and Richard Grabowski, 1997, “Capital Stock 
Estimates for Major Sectors and Disaggregated Manufacturing in Selected OECD 
Countries,” Applied Economics, Vol. 29 (May), pp. 563–79. 

Kennedy, Peter, 1998, A Guide to Econometrics (Oxford: Blackwell; 4th ed.). 

Levin, Andrew, Chien-Fu Lin, and Chia-Shang James Chu, 2002, “Unit Root Tests in Panel 
Data: Asymptotic and Finite-Sample Properties,” Journal of Econometrics, Vol. 108 
(May), pp. 1–24. 

Ligthart, Jenny, 2002, "Public Capital and Output Growth in Portugal: An Empirical 
Analysis," European Review of Economics and Finance, Vol. 1 (September), pp. 3–
30.  

Luetzel, Heinrich, 1977, “Estimates of Capital Stock by Industries in the Federal Republic of 
Germany,” Review of Income and Wealth, Vol. 23, No. 1, pp. 63–78. 

MacKinnon, J.G., 1991, “Critical Values for Cointegration Tests,” in Long-Run Economic 
Relationships: Readings in Cointegration, ed. by Robert F. Engle and Clive William 
John Granger (Oxford: Oxford University Press). 

Maddison, Angus, 1982, Phases of Capitalist Development (Oxford: Oxford University 
Press). 

———, 1987, “Growth and Slowdown in Advanced Capitalist Economies: Techniques of 
Quantitative Assessment,” Journal of Economic Literature, Vol. 25 (June), pp. 649–
98. 

———, 1991, Dynamic Forces in Capitalist Development: A Long-Run Comparative View 
(Oxford: Oxford University Press). 

———, 1995, “Standardised Estimates of Fixed Capital Stock: A Six Country Comparison,” 
in Explaining the Economic Performance of Nations: Essays in Time and Space 
(Economists of the Twentieth Century), ed. by Maddison (Aldershot: Edward Elgar). 

Mitchell, Brian R., 1975, European Historical Statistics 1750–1970 (London: Macmillan). 



 - 37 - 

Mittnik, Stefan, and Thorsten Neumann, 2001, “Dynamic Effects of Public Investment: 
Vector Autoregressive Evidence from Six Industrialized Countries,” Empirical 
Economics, Vol. 26 (May), pp. 429–46. 

Munnell, Alicia H., 1990, “How Does Public Infrastructure Affect Regional Economic 
Performance,” in Is There a Shortfall in Public Capital Investment? ed. by Munnell, 
Federal Reserve Bank of Boston Conference Series No. 34 (Boston). 

Newey, Whitney K., and Kenneth D. West, 1987, “A Simple, Positive Semi-Definite, 
Heteroscedasticity and Autocorrelation Consistent Covariance Matrix,” 
Econometrica, Vol. 55 (May), pp. 703–08. 

Organization for Economic Cooperation and Development, 1997, Flows and Stocks of Fixed 
Capital 1971–1996 (Paris). 

———, 1998, National Accounts Vol. 1, Main Aggregates, 1960–1996 (Paris). 

———, 2001a, Measuring Capital: A Manual on the Measurement of Capital Stocks, 
Consumption of Fixed Capital and Capital Services (Paris). Available via the 
Internet: http://www.oecd.org/dataoecd/61/57/1876369.pdf.  

———, 2001b, Measuring Productivity: Measurement of Aggregate and Industry-Level 
Productivity Growth, OECD Manual (Paris). 

———, 2002a, Purchasing Power Parities and Real Expenditures: 1999 Benchmark Year, 
2002 Edition (Paris). 

———, 2002b, National Accounts of OECD Countries, Main Aggregates, Vol. I., 1989-2000 
(Paris). 

———, 2002c, Measuring the Information Economy (Paris). 

O’Mahony, Mary, 1996, “Measures of Fixed Capital Stocks in the Post-War Period: A Five-
Country Study,” in Quantitative Aspects of Post-War European Economic Growth, 
ed. by Nicholas Crafts and Bart van Ark (Cambridge: Cambridge University Press). 

Phillips, Peter C.B., and Zhijie Xiao, 1998, “A Primer on Unit Root Testing,” Journal of 
Economic Surveys, Vol. 12 (December), pp. 423–69. 

Ritschl, Albrecht, 2003, “Modern Germany” (unpublished; Humboldt University, Berlin). 
Available via the Internet: http://www.wiwi.hu-
berlin.de/wg/ritschl/pdf_files/ModernGermanyIn5000Words.pdf. 

 
Ritschl, Albrecht, and M. Spoerer, 1997, “Das Bruttosozialprodukt in Deutschland nach den 

amtlichen Volkseinkommens—und Sozialproduktsstatistiken 1901–1995,” Jahrbuch 
für Wirtschaftsgeschichte, No.2, pp. 27–54. 

http://www.oecd.org/dataoecd/61/57/1876369.pdf
http://www.wiwi.huberlin.de/wg/ritschl/pdf_files/ModernGermanyIn5000Words.pdf


 - 38 - 

Seitz, H., 2001, “Infrastructure Investment and Economic Activity: Theoretical Results and 
International Evidence,” in Investing Today for the World of Tomorrow, ed. by 
Deutsche Bundesbank (Berlin: Springer-Verlag). 

Stock, James H., 1987, “Asymptotic Properties of Least Squares Estimators of Cointegrating 
Vectors,” Econometrica, Vol. 55 (September), pp. 1035–56. 

Sturm, Jan-Egbert, and Jakob de Haan, 1995, “Is Public Expenditure Really Productive? New 
Evidence for the USA and the Netherlands,” Economic Modelling, Vol.12 (January), 
pp. 60–72. 

Sturm, Jan-Egbert, Gerald H. Kuper, and Jakob de Haan, 1998, “Modelling Government 
Investment and Economic Growth on a Macro Level: A Review,” in Market 
Behaviour and Macroeconomic Modelling ed. by Steven Brakman, Hans van Ees, and 
Simon K. Kuipers (London: Macmillan Press). 

U.S. Bureau of Economic Analysis, 1999, “Fixed Reproducible Tangible Wealth in the 
United States 1925–94” (Washington: U.S. Department of Commerce). Available via 
the Internet: 
http://www.bea.doc.gov/bea/articles/NATIONAL/NIPAREL/Meth/wlth2594.pdf. 

Voss, Graham M., 2002, “Public and Private Investment in the United States and Canada,” 
Economic Modelling, Vol. 19 (August), pp. 641–64. 

http://www.bea.doc.gov/bea/articles/NATIONAL/NIPAREL/Meth/wlth2594.pdf



