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Abstract: This paper analyses the productivity of public expenditures. It follows 
the branch of literature originated by Aschauer but has also some novel features. 
First of all, it focuses on the effect of both public investment and public 
consumption (investment part of public consumption) on private sector 
productivity. Secondly, empirical evidence is derived from relative large cross-
country data that cover more than three decades. For the testing purpose, it uses a 
production function approach in which (alternative definitions of) public sector 
capital stocks are allowed to affect total factor productivity. The production 
relationships are estimated from a panel data that are derived from the data banks 
of OECD and the World Bank. Empirical findings suggest that, to some extent, 
the significant deceleration of economic growth in many OECD countries during 
the last two decades can, in the same way as in the original Aschauer analysis 
with the US data, be explained by a secular decrease in public sector investment.    

Key words: Public sector, productivity, growth accounting, capital stock

JEL codes: H11, H54 

HJERPPE, REINO – KIANDER, JAAKKO – VIRÉN, MATTI: ARE 
GOVERNMENT EXPENDITURES PRODUCTIVE? MEASURING THE 
EFFECT ON PRIVATE SECTOR PRODUCTION. Helsinki, VATT, Valtion 
taloudellinen tutkimuskeskus, Government Institute for Economic Research, 
2006, (C, ISSN 0788–5016 (nid.) ISSN 1795–3359 (PDF), No 381). ISBN  
951–561–597–6 (nid.), 951–561–598–4 (PDF). 
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yrityssektorin tuottavuuden kehitykseen. Tutkimus hyödyntää laajoja OECD:n ja 
Maailmanpankin paneeliaineistoja. Lähestymistapana käytetään kasvutilinpitoa. 
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1. Introduction 

The size of government tended to grow almost in all countries until the 1980s. 
This seems to have been the case whatever measure one uses to measure the size 
of the public sector.1 After the 1980s the relative size of the primary government 
expenditures has stabilized in many countries. Changes in the size of government 
raise obviously important questions: What is the contribution of the government 
expenditures on growth and productivity? Are government expenditures 
productive? Should they be still decreased or would some increases be 
beneficial? Is there an optimal size of the government?2

Economists have always worried that increasing government expenditures 
increases the risk that part of the resources will be wasted. It is still typical to 
many expert bodies dominated by economists to be critical on public 
expenditure. Today, however, there are many factors which limit the growth of 
public sector. One is obviously the increasing tax competition, which threatens 
the growth of public revenues. Other one is the legacy of three decades of 
chronic deficit problems in many countries – the need to control deficits and 
public debt has helped to cap (at least primary) spending in many countries since 
the 1980s. And within the EU there has been a constant institutional pressure to 
reduce public deficits due to the monetary union and its criteria for excessive 
public deficits and debt. These pressures led in the EU countries to reductions in 
public sector’s primary expenditures in the 1990s. 

At the same time with the deficit problems and fiscal tightening the rate of 
economic growth has slowed down in the EU countries and Japan. Disappointing 
growth record and the fears of the dismal consequences of the ageing of the 
populations have put more and more emphasis on the need to policies to enhance 
productivity and economic growth. The Lisbon strategy of the EU is one example 
of such aspirations. Consequently, it has become more and more important to 
know, whether the government expenditures can have any positive role in such 
attempts.

Recent literature on endogenous growth theory predicts that fiscal policy changes 
can affect the long-term growth rate by influencing the determinants of growth 
(physical and human capital, technological change, employment and savings). 
Changes in public expenditures and taxes could boost (or depress) employment 
                                             
1 There are several ways to measure the size of government. One of the authors has recently discussed this 
problem, see Hjerppe (2003). 
2 The study by Tanzi and Schuknecht (2000) shows that public spending did not grow much between 
1870–1913, between 1913 and 1960 the growth was moderate and after that very rapid. In 1960–1980 
especially expenditures for public subsidies and transfers and various social welfare purposes, like 
education and health, have been growing. On the other hand there has been much less growth in public 
investments and defence. In conclusion the authors argue that government expenditures are now in many 
countries much too high when considering the achievement of the goals of social welfare. 
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and human capital accumulation and change investment externalities that then 
would have effects on the growth rate of output. This contrasts with the basic 
neoclassical growth model, where fiscal policy is unable to affect long-term 
growth. However, the empirical effects of fiscal policies on long-term growth 
remain unsettled.

As to the policy front, for example, official communications from the EU 
Commission and the Union’s ECOFIN Council note that public finances can 
contribute to achieve the goal of higher growth and employment via three 
mechanisms: (a) by supporting a stable macroeconomic environment, (b) making 
tax and benefit systems more employment friendly, and (c) redirecting public 
expenditures towards productive areas (which, however, may be hard to 
identify). Additionally, it is usually reminded in such contexts that fiscal policies 
should also be conducive to economic stability even in the short run (Lamo and 
Strauch, 2002). 

There are, therefore, several urgent needs and reasons to know more about the 
growth effects of the fiscal policy. What we aim to do in this paper is to analyse 
the productivity of public expenditures. Our analysis follows the branch of 
literature initiated by Aschauer (1989a, b) but it has also some novel features. In 
this paper we try to look at the issue in broader perspective. In addition to the 
physical infrastructure we can think public education and health expenditures 
also as public investments. We explore the question, whether these expenditures 
also have external effects on the private sector production. We are going to focus 
on the effect of both public investment and public consumption on private sector 
productivity. For the testing purpose, we use a production function approach in 
which alternative definitions of public sector capital stocks are allowed to affect 
total factor productivity. 

The production relationships are estimated by using large cross-country data that 
cover more than three decades. Our panel data are derived from the data banks of 
OECD and the World Bank. We use two data sets: one from 21 OECD countries 
and the other 93 countries from the World Bank data set. In the case of OECD 
countries we specify a model of private production whereas in the case of World 
Bank data the dependent variable is total GDP, even though the preferable data 
would be also here the private production. 

Our findings suggest that, to some extent, the significant deceleration of 
economic growth in many OECD countries during the last two decades can, in 
the same way as in the original Aschauer analysis with the US data, be explained 
by a secular decrease in public sector investment. There is also a line of VAR 
studies relatively new literature based on VAR approach which uses quarterly 
data (for a review, see Perotti, 2004). In this literature the focus is on the total 
public demand, not only investment. There is also a line of VAR literature which 
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is focused specifically on the e ects of public investment (see Kamps, 2004, for 
a review). Some positive growth effects of public investment have been found.  

Additionally, there is a novel OECD study (Perotti, 2005) based on a di erent
specification of the VAR and on a di erent identification scheme including only 
countries with true non-interpolated quarterly data on fiscal policy. The e ects of 
both government consumption and transfers are analyzed in the study. The 
results do not support the notion that government investment would be a more 
e ective countercyclical tool than government consumption.  

This paper proceeds as follows. In the next section we discuss the relation 
between public expenditure and business sector productivity. Section 3 motivates 
our idea of the positive impact of public health and education expenditure on 
growth potential. Sections 4, 5 and 6 deal with the specifics of estimated 
equations, data and estimation. Sections 7 and 8 discuss the results and conclude 
the paper. The main finding is that our constructed variable of public investment 
– i.e. a large concept including not only fixed capital formation but also shares of 
health and education expenditures (which can be seen as investments in human 
capital) – does have a positive impact on private sector productivity and 
economic growth across a large number of countries.  
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2. Public expenditure and private sector productivity 

Productivity of the public sector can be approached both from the macro and 
micro perspectives. It is obvious that studies using aggregate time series evidence 
are not as good as a detailed and informed cost benefit assessment of the likely 
returns on each individual project would be. However, using large cross-country 
data sets makes macro approach unavoidable. Furthermore, it is very likely that 
at the macro level public expenditures have effects on GDP. These effects can be 
either positive or negative. Public infrastructure, education and health 
expenditures can in principle be complementary to private activities and therefore 
have positive effects on GDP. For example the new transport infrastructure save 
travel time and therefore bring positive effects on private agents. Alternatively 
public expenditures can be substitutes for private expenditures and therefore 
crowd out private activities. 

Public consumption and investment can also be wasteful if the investment is not 
needed and if the productivity of public sector is clearly lower than in the private 
sector. Furthermore, taxes, subsidies and transfers have dead-weight costs, and 
they can therefore reduce the efficiency in the economy, and consequently have 
negative effects on the growth of the GDP.  

Many studies in both developing and developed countries have tried to establish 
statistical link between aggregate infrastructure investment and growth in GDP. 
There is a quite strong positive correlation between infrastructure and growth 
(Banister and Berechman, 2000). However, the question of causality is usually 
left open in the simple correlation studies and there is an issue, whether other 
factors also are affecting the correlation. 

The paper by Aschauer (1989a, b) started an important debate about the possible 
complementarities between public and private investments. According to 
Aschauer public infrastructure investments are complementary with the private 
sector activity (have an external effect) and increase both the productivity of 
private investments and production. Since then there have been several studies on 
this issue. Some of the studies have rejected Aschauer’s findings. For instance, 
production function estimations with aggregate US data have in some cases 
yielded zero or even negative marginal products of public capital (see e.g. Tatom, 
1991, Hulten and Schwab, 1991, and Garcia-Milà, McGuire and Porter, 1996). 

At the micro level one can imagine two types of productivity effects of the public 
sector activities. First, public expenditures on education and health can contribute 
positively to the stock of human capital. Since human capital is one important 
factor in the growth of the GDP public expenditures can have a positive effect on 
GDP.
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Another micro-level productivity aspect in the public sector comes from the 
internal efficiency of the public sector activities. However, we are note dealing 
with this aspect of productivity in this paper. 

In a standard neoclassical growth model economic growth depends on the 
increase in the capital and labour input and the pace of technological progress. 
Public policies in general and public expenditures specifically, do not affect 
growth. In the extended Solow model, however, human capital is an important 
input to growth (Mankiw, Romer and Weil, 1992). In the endogenous growth 
models public policies can affect both human capital formation and technological 
progress and therefore public policies can also have an effect on economic 
growth. As to the government expenditures, public educational and health 
expenditures are two of the most important public expenditure items which can 
contribute to the formation of the human capital, and consequently there is, in 
principle, a channel from government expenditures to economic growth. 

Schematic presentation of the relationship between public
expenditures on health and education and

economic growth

Public health
expenditures

Expenditures for 
educations
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expenditures

Private health
expenditures

Abilities

Education
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Other factors

• Nutrition
• Housing
• Work environment

Economic
growth

Social capital
and
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Man-made 
capital

Environmental
capital

Private
capital

Public
infrastructure

Public educational
expenditures

Private educational
expenditures

Figure 1:

The general framework for growth studies is depicted in Figure 1. In general 
growth studies economic growth is determined by labour (human capital), man-
made capital, nature (natural capital), institutions (social capital and institutions) 
and technological progress (not shown in the figure). Possible growth and 
productivity effects of public expenditures come via education and health, which 
affect human capital, and physical infrastructure expenditures. Of course, 
government has also an important role to play in the formation and maintenance 
of institutions, but we are not focusing on this aspect in this paper. Essentially, 
we treat the health, education and physical infrastructure expenditures as those 
government expenditures which can affect private sector productivity and 
economic growth, and consequently concentrate to analyse those effects. 



6

An important literature about the contribution of the public expenditures on 
economic growth was started by Aschauer (1989a, b). He studied the problem 
whether public infrastructure investments are complements or substitutes for 
private capital formation, and what are the growth effects of public expenditures. 
Our paper belongs to this tradition, but we extend the concept of public capital to 
include also the education and health capital as components of human capital.

To estimate the growth contributions of decomposed public expenditures we 
construct a measure of broader public capital stock. It is not constrained to 
traditional physical infrastructure but it aims to depict also elements of human 
capital which have been created by the help of government expenditure. Our 
purpose is to estimate the amount of public health and educational capital in 
different countries by using the annual public expenditures on health as a basis 
for estimation of the health capital stock in health. This capital is then used as an 
input variable in cross-country production function estimation in order to see the 
impact of health capital on economic growth. Thus we construct a so called 
extended capital, which includes both the physical capital stock and public 
educational and health capital stocks. Our aim is to find out whether this 
extended capital stock has different effect on economic growth than the usual 
tangible capital stock. Our model is schematically represented in Figure 2.  

We are aware of the limitations of the production function approach regarding 
the joint endogeneity of private inputs and outputs.  Government spending can be 
higher in years of high growth, as the state and federal governments have more 
resources to spend; or it can be higher in years of low growth, if the state and 
federal governments engage in countercyclical policies. 

Schematic representation of the modified ”Aschauer” model
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Private
capital

Public
capital

Private
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Private
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Public
infrastructure
expenditures

Public
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expenditures

Figure 2:
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In an integrated model of human capital formation education, nutrition and health 
have an independent impact to the stock of human capital. It is natural to think 
that good health directly affects labour productivity.  
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3. Health and education as human capital investments 

It should be not surprising that government consumption can have a higher 
multiplier than government investment. In many countries public consumption 
consists largely of health and education expenditures. It is clear that such 
expenditures have important positive externalities in the long run. For instance, 
Perotti (1993) has argued that public provision as well as some income transfers 
may release credit constraints and therefore promote investment in education. 
Public expenditures require taxation which is distortionary and as such harmful 
to growth. However, it is likely that the positive externalities of useful public 
expenditures exceed the distortionary effects of taxation when the relative size of 
public sector is not very high. 

The links between education and economic growth are well-known in the 
literature of economic growth. Public expenditure to education is very likely to 
increase human capital and thus improve the growth potential of economies. 
Because the benefits of education are well-known, we are not going to dwell 
longer with them. We simply assume that public education spending is similar to 
public investment – both are assumed to improve growth potential. 

Yet being educated is not the only important thing; it is also good to stay alive. 
Consequently, we can do similar analysis of the relationship between public 
health expenditures and economic growth as above with respect to health.

There are huge number of studies concerning the relationship between education 
and economic growth. They have given different answers. Most empirical 
research of this kind has confirmed the existence of a positive relationship 
between the initial stock of human capital and subsequent growth. But the results 
have driven often by the situation in the developing countries. The same 
conclusion does not necessarily hold for the sub-sample of OECD countries (see 
Buysse, 2002). Therefore the relationship between educational resources and 
productivity growth is controversial. 

First of all, there is an unresolved controversy what is the role of education vs. 
innate abilities in the formation of human capital. Secondly, there is no general 
agreement, what is the contribution of different educational resources to 
educational outcomes. For example, Hanushek and Kim (1995) have argued that 
financial resources allocated to education have only weak or insignificant impact 
on student performance on international tests in mathematics and science. Lee 
and Barro (2001) have contested these results showing that school resources are 
positively related to student performance. 

Health can be considered an important asset or capital, which contributes to 
economic growth in addition to delivering immediate well-being effects. It is not 
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easy to draw a borderline which part of the expenditures on health and education 
is investment and which part goes to consumption. Our idea is to treat the public 
expenditures on health and educations as investments and form on this basis a 
measure of public health and educational capital stock. This stock is part of the 
extended public capital stock which we will utilize in the production function and 
estimate the contribution of this capital stock to economic growth in a cross-
section of a country data.

Health and education are similar in a sense that they are partly investment and 
partly consumption. According to the theory of human capital, developed at the 
beginning of  the 1960’s, health and education are joint investments made in the 
same individual. The individual is more effective in society as a producer and as 
a consumer because of these investments (Schultz, 1961, Mushkin, 1962).

In order to understand the relationship between health and economic growth it is 
necessary to understand the concept of health in a broad sense. Health can be 
defined as an ability of people to develop to their potential during their entire 
lives. Health is, therefore, not only the absence of illness. (Investing in health for 
economic development, 2005, p. 15). Good health can have impacts on economic 
growth in several different ways. 

Historical studies suggest a very strong relationship between health and 
economic growth. Robert W. Fogel (1991) finds that between one third and one 
half of England’s economic growth in the past 200 years is due to improvements 
in the population’s food consumption. The existence of an impact of health on 
economic growth with similar magnitudes has been verified fro different time 
periods and countries (Investing in health for economic development, 2005). 

There are several channels by which health affects growth (see e.g. Mayer, 
2001). Good health directly affects productivity. Health affects indirectly growth 
since by increasing longevity health reduces the depreciation rate of human 
capital making investment in education more attractive (Barro, 1996). Good 
infant health and nutrition directly increases the benefits of education. Burden of 
disease curtails the generation of income. Furthermore, expectation of a longer 
and healthier life may affect the intertemporal discount rate and therefore saving. 
Health facilitates the economic participation of women in labour markets, and 
this itself is important for economic development (Galor and Weil, 1996), and 
health affects also fertility, which has effect on demographic transition and 
therefore also on economy3.

                                             
3 There are several macroeconomic studies on this issue for example: Increase in life expectancy from 50 
to 70 years would raise the growth by 1,4 percentage points a year (Barro, 1996). Improvement of health 
of the age group 50-70 contributes importantly to growth since it releases less burden of care for young 
adults (Mayer, 2001). 10 % decrease in  malaria is associated with an increased annual growth of 0.3 % 
(Gallup and Sachs, 2000). Malnutrition causes a decrease in the annual GDP per capita growth worldwide 



10

There are also several recent microeconomic studies of relationships between 
health and growth (income). Chronic health problems of children from poor 
families affect their cognitive abilities and cause them to miss a considerable 
number of school days; both imply that their future ability to generate income 
will be hampered. In general, health during early childhood determines health 
conditions and educational performance as adolescents, which in turn affect 
health conditions and income as adults. It is also known that childhood 
malnutrition on child causes late school enrollmentand nutrition (Glewwe and 
Jacoby, 1995) and that childhood health in general is an important determinant of 
academic achievements (Glewwe, Jacoby and King, 2001, Paxson and Schady, 
2004).

In these microeconomic studies the causality usually runs from poor childhood 
conditions and malnutrition to poor educational performance and then to poor 
income as adults. Health is one important determinant of ‘poverty traps’ in 
developing countries. Poor nutrition leads poor health. Because of this, poverty is 
replicated, and people are ‘trapped’ in poverty. Education seems to have 
increasing returns to scale (Bourguignon, Ferreira and Lustig, 2004), and 
therefore children with poor health remain poorly educated and consequently 
their incomes as adults remain low. People with low human capital tend to stay in 
poverty trap, whereas people with high human capital tend to have high or 
medium incomes (Investing in health for economic development, 2005, p.18). 

As a conclusion one may say that large number of research has shown, that 
health is needed for economic growth, and there are several channels by which 
health has impact on economic growth. However, health is also demanded as a 
final product, as a consumption good since it directly affect individual welfare. 
So since higher growth means higher incomes, people can afford better health 
care. There is a link from growth to the demand for health. So the causality 
between health and economic growth may run either way, and there is a problem 
of simultaneity in econometric studies. 

Besides protection against individual risks there are health risks which affect 
larger number of people. The prevention of these risks is of a nature of public 
good. Examples of these types of risks are appearance of an epidemic of some 
transmissible disease. This can be prevented e.g. by vaccination of the 
population. The nature and extent of collective health risks requires solutions that 
go beyond individual health insurance. 

There are certain measurement problems with the concept of health capital. In 
principle health investment includes all spending on any activity whose main 

                                                                                                                               
between 0.23–4.7 % (Arcand, 2001). Knowles and Owen (1995) found in their study that health capital 
(measured as life expectancy) has strong and statistically more significant effect on growth than 
education. Relationship between income per capita and educational capital is in their study ‘fragile’. 
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effect (or object) is the establishment, maintenance, improvement and protection 
of health in a country during a defined period of time.  

It needs to be noted that investment in health happens both inside and outside of 
the ‘health system’. 

Outside the health system the most important investments are those related to 
food production, sanitation infrastructure, potable water and housing, and 
possibly also other things. Public expenditures on health in the national accounts 
do not cover these items, and therefore important elements of the health capital 
may be missing in our estimate of health capital. it is, however, difficult to find 
detailed enough data on these items in the current official national accounts 
figures. One has to keep this in mind when we interpret the results. 

Investment inside the health system includes the operation of the health 
institutions, doctors, physicians and nurses. The activities included are: health 
promotion and disease prevention; treatment of pathologies and reduction of 
premature deaths; providing health care for people with chronic illnesses, 
deficiencies, disabilities, or health related disabilities; chronic illness care; 
providing and administering public health; managing health care programs; 
health insurance and other financing mechanisms and the administration of the 
health system (OECD Health Data, 2004). 

In addition to the public expenditures on health there are also private out-of-
pocket cash expenditures on health and expenditures on private health 
institutions.

In spite of the large number of studies there is no clear conclusion about to what 
extent health is determined by the magnitude of public expenditures (see e.g. 
Anand and Ravallion, 1993). As such the level of public health expenditures does 
not tell what effect these will have on health. 

First, as noted above, public health expenditures are only part of the expenditures 
(inside expenditures) which affect the human health. There are important items in 
the outside expenditures which may have important effect on health. 

Secondly the allocation of the public expenditures may not be the most efficient 
as to the health effects. Different public sector activities will have different 
impact on health. The efficiency and effectiveness of the health systems vary 
from a country to country. Public expenditures may be used to large extent to 
administrative bureaucracy and not for the immediate needs of care. This very 
much depends on how the health system in the country has been organised. For 
example the report from Mexico, which we have extensive quoted in this paper, 
shows that almost half (43%) of the population is outside of health insurance in 
Mexico and is not therefore effectively protected in case of illness. That part of 
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the population has to use their own out-of-pocket expenditures in case of illness 
and therefore easily fall into a poverty trap. With the reallocation of public 
expenditures one could, in principle, achieve more efficient effect on health. 

The efficiency of public expenditures on health most probably will vary to large 
extent de from a country to country. There is not, however, any possibility on the 
basis of available statistics to make any judgements on this, WHO has done 
evaluations of the health systems in different countries, but these studies are not 
used in our study. 

Anand and Ravallion (1993) report that in a study consisting of 22 developing 
countries public health expenditures per capita and reduction of poverty had a 
positive and significant effect on life expectancy. Income growth had an indirect 
effect on health, because higher income allowed larger public health 
expenditures.  In a special case of Sri Lanka also public health expenditures seem 
to have contributed significantly to positive social outcomes (high life 
expectancy at birth, low infant mortality rate and high literacy rate). 
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4. Estimation of capital stocks 

It is not possible to observe directly the stock of human capital. Therefore, one 
has to use indirect methodology to estimate these stocks. In principle there are 
two approaches to estimate the public health and educational capital stocks. The 
first approach starts with the public expenditure data. The idea is to consider 
annual expenditures as investments. The resources (labour and commodities) 
devoted to health care and education represent investment in health. After this 
one can use the perpetual inventory method to accumulate the stock of capital. 
That methodology requires information about the economic life of investments 
and depreciation rates. 

The other approach uses the returns of investment as a basis for calculating the 
value of capital. In case of health the returns consists of: 1) decrease in mortality 
(decrease in deaths of workers), 2) decrease in disability of labour (decrease in 
the loss of working time) and 3) decrease in debility (loss of productive capacity 
while at work). All these reductions increase the effective labour input (working 
time), which can be used to calculate the output effect. Output effect can be 
calculated either by using data on output per labour unit (which includes the 
contribution on capital per worker) or earnings (in this case one neglects the 
effect of capital on output) (Mushkin, 1962).4 If one is able to estimate the annual 
output effects in this way, the value of capital stock can be calculated as a 
discounted present value of future increases in output. In general, expenditure 
based method and output based methods lead to different estimates of the capital 
stock.

In our work we have used the first methodology, because the availability of data 
prevents us to use the output based methodology. The detailed description of the 
calculation of public capital in presented in appendix 1. 

                                             
4 For example by this method Denison (1962) has estimated that health investments have increased the 
annual growth rate in USA between 1900–1960 by 0.3 percentage points. 
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5. Empirical analysis 

The empirical analysis follows the guidelines of Aschauer (1989a, b) in the sense 
that we focus on the supply side of the economy and try to isolate the impact of 
productive public expenditures on private output.  

When we the Wold Bank data (World Developments Indicators 2004) we have 
adopted a simpler approach which boils down in estimating the following simple 
production function with the cross-country panel data:

log(yit) = a0i + a1log(et) + a2log(kt) + a3log(gt) + a4t + uit

where y denotes output, e employment (or simply the labour force), k the capital 
stock, g government expenditure and t time trend (which is either linear or 
quadratic). Typically, we use a simple fixed effects specification so that country 
intercepts vary from country to country. Notice that in this model public 
expenditure enter in the very simple way: we do not construct any stock variables 
but try to see whether total output – conditional to labour, capital and technical 
change – directly depends on the level of public expenditure. In a sense analysis 
boils down in estimating a simple regression between the slow residual and 
government expenditures.

Obviously, the production function need not be of the Cobb-Douglas type, rather 
the contrary may be true. In other words, the elasticity of substitution might well 
be considerably below in most of the sample countries. We tested this property 
only the case of the OECD countries which are, of course, a bit different story. 
The found that the average value of the elasticity of substitution is something like 
0.9 which does not really make the Cobb-Douglas production function a very bad 
approximation.  

With the OECD data we are able to make a distinction between private and 
public sectors in all accounts. Thus, the estimating equation can be written into 
the following form:

log(ypit) = b0i + b1log(ept) + b2log(kt) + b3t + uit

where yp now indicate the private production. Also k in the first place indicates 
private sector capital stock but in addition to this traditional measure we use 
some alternative specifications. Thus, k1 is the traditional private sector capital 
stock while k2 is a measure which also includes public sector capital (cumulated 
public sector investment). Finally, k3 also includes the human capital stock 
which is produced within the public sector. This measure includes only human 
capital which is produced within formal education and health services.
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Obviously we could have included three (or even more) capital stocks to the 
estimating equation but high multicollinearity between these series (see the 
Figures 1–2 below) would have made estimation results simply too unprecise. 
Instead, we have experimented with weighting schemes in which k2 and k3 are 
obtained by weighting the public sector capital stocks with successively lower 
weights in computing the aggregate measure of capital stock.  

Obviously the multicollinearity problem can be (in the constant returns to scale 
case) alleviated a bit by expressing the above- mentioned equation in a ratio 
form:

log(ypit/ept) = b0i + b2log(kt/ept) + b3t + uit

Still, we have problem in terms of the three capital stocks: private capital stock, 
public (fixed investment related) capital stock and (public expenditure related) 
human capital stock.  

Instead of estimating all parameters of the model at the same time we have also 
used a two-step procedure and estimated (or, in fact, calibrated) in the first stage 
the standard CD production function (without public capital) and derived the 
Solow residual from it. Then we regressed this residual on either public 
expenditures or public sector capital stock. In calibration, we have used the 
conventional 0.65/0.35 split in functional income distribution.

The analysis can be characterized assome sort horse-race: the performance of the 
estimating equations with different capital stock measures are compared and on 
the basis of this comparison we try to see whether public sector productive 
activities have any impact on public sector production.
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6. The data 

Basically, two sets of data are used: an extensive Wold Development Indicators 
(WDI) data which cover all world countries for the period 1960–2003 and more 
limited (although more detailed) OECD data which cover 22 countries for the 
period 1960–2003. The EDI data include altogether 208 countries but in practice 
the number of countries is less than half of that number.  

The problem with the WDI data is the fact that the data do not allow for a proper 
distinction between private and public sectors. Thus, we cannot identify the 
possible spill-over of public sector productive activities to the private sector. We 
can only focus on the impact of public sector production on total output which 
obviously includes several measurement errors.  

With the OECD data, the situation is better because a proper distinction can be 
made and, moreover, we can distinguish between different public sector activities 
(like education, health and so on). The main problem now is the fact the 
countries are too similar. We have just the Nordic countries, on the one hand, and 
the US and Japan, on the other hand, as some sort of outliers but even then the 
country differences are relatively small which makes it difficult to trace the 
effects of different government polices.

Figures 1–9 illustrate the main features of the data; the capital stocks and the 
corresponding capital-output ratios in addition to the share of different public 
expenditure categories. In addition, there are figures 10–13 which illustrate the 
relationship between various capital stock measures (more precisely, capital 
output ratios) and economic growth.  

The details of the data are explained in the data appendix in the end of the paper.  
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7. Empirical results 

The estimation results are presented in Table 1–4 for the World Bank (WDI) data 
and Tables 5–12 for the OECD data.

The quite extensive reporting follows from the fact we have to distinct data sets 
and that we want to examine the robustness of results by using both level and 
first differenced specification (in addition to capital/labour ratio forms) and 
different estimators. Here, the majority of results represent un-weighted fixed-
effects OLS (in levels) but we also used GLS to take Cross-section 
heteroskedasticity into account. 

With levels and first differences we find some noticeable differences (see below) 
which quite alarming suggesting that dynamic specification is not completely 
data-consistent. The comparison of estimators (see Table 11, in particular) 
produces less alarming results suggesting that some awfully volatile output and 
input growth countries may not dominate the results.  

As for the economics, the results can be interpreted as follows:

Public sector expenditures seem to systematically positive effect on both total 
output and private sector output. The effects are not necessarily very strong and 
they cannot be estimated very precisely but even then the evidence suggests that 
the link between public sector production and private sector productivity is an 
important one and deserves further analysis.

The main problem in all analyses is not necessarily the role of public sector input 
but the relative poor performance of the production function relationship in 
aggregate time series data – even though we use rather large panel data sets. This 
may result various reasons but at least the crude way in which technical change is 
introduced into the model deserves critical attention5.

Anyway, in the basic level form specifications we find that the coefficient of 
labour and capital are quite sensitive over sample periods and over sub-samples 
of countries. The labour share parameter can even so low as 0.15. Somewhat 
surprisingly, this property is not only typical for the poor countries but also – or 
even more particularly – to the OECD countries.

More reasonable results can obtained, if we mot to a first differenced version of 
the estimating equation. Then the estimates come quite close to the typical 
National Accounts values of 2/3 and 1/3. When deriving the Solow residuals, we 

                                             
5 As one can see from the tables, all level from equations suffer from autocorrelation and 
heteroskedasticity. Although we correct the t-values, we have to cautious because the results also suffer 
from other problems (in particular, from the fact that they are not overly robust).  
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have in fact imposed these values to the corresponding parameters to ensure that 
correlations with the public expenditures and public sector capital stocks are 
based on meaningful values of the underlying (private) sector production 
function.

In the case of the WDI data, we see that both output and Solow residuals are 
positively correlated with public expenditures (here we have just assumed that 35 
per cent of public expenditures representing equation and health are directly 
production related – or in a sense "productive"). The result is so robust (in terms 
samples and differencing) that it must reflect some genuine impact of public 
expenditures.   

Turn not to the results with the OECD data. With these data, we have been able 
to construct separate measures of private and public sector capital stocks and we 
do not need to relate output to some expenditure measure but can use the 
production function framework in all analyses.

When we arrange the "horse race" between different competing capital stocks, 
we general outcome is a bit disappointing because we cannot very well 
discriminate between competing capital stocks. Maybe that is not so surprising 
given the close correlation between these measures (as seen from Figures 3 and 
4).

Obviously, aggregation of different measures should be more sophisticated than 
just a sum aggregate of various private and public capital stocks. We have indeed 
made some preliminary steps towards this direction by weighting the public 
sector (broad) measure by a set of constant weights ranging from 0 to 1 (the 
weight of private capital stock is always 1). This exercise gives the public sector 
capital stock a weight of 0.3–0.5 which sounds relatively reasonable (see Table 
12 for details). 6

It is interesting to note that there appears nor clear declining tendency in impact 
of public sector capital on private sector output or total productivity. This is 
especially interesting because in all countries public sector (fixed) investment has 
declined and if in fact the productivity of public sector capital has not declined 
that may explain some part of overall productivity decline. Of course, matter are 
not that simple because the decline in public sector fixed investment is probably 
(partially or even totally) compensated by an increase in public sector investment 
in education and health.

                                             
6 If the sample period is shortened to the last ten or fifteen years, the value starts increase going even up 
to unity. That probably reflects more small sample bias than a genuine economic relationship.   



19

8. Concluding remarks 

Usually public sector activities are acknowledged only from the point of view of 
aggregate demand or fiscal policy. On the supply side, attention is generally paid 
only to the tax system and its distortionary effects. This is surely not a proper 
way of dealing with the productive role of the public sector. The many useful and 
beneficial functions of public sector like the impact of expenditures on education 
and health cannot be judged from the point of view of short-term demand 
stimulus.

It is obvious that such expenditures serve an important purpose in improving the 
growth potential of economics. However, the positive impacts of public 
expenditures or output and productivity growth are not well understood or 
quantified. 

Clearly, we need a concrete measure of the public sector productivity. This kind 
of measure is needed in drawing the borderline between public and private 
production. In the future, there will be a growing demand for analytical 
comparisons between different productive activities and for that purpose we need 
new practical tools. For that purpose, more research is definitely needed.

It is probably misleading to treat the public sector (government) as one 
homogenous entity, and argue that government is either efficient or inefficient. 
Productivity and efficiency may well vary from branch to branch. In this study 
we have not made any comparisons between different government branches but 
selected the education and health sectors simply as some representative 
examples. Hopefully, we can make a more thorough comparison in the future.
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TABLE 1   Results with the WDI data 

Regressors 1 2 3 4 5 6 7 8 

Country group All All 1 1 1 1 2 2 
Sample period 1960-2002 1980-2002 1960-2002 1971-2001 1980-2002 1993-2001 1960-2002 1980-2004
         
Countries 93 70 30 30 30 30 63 40 
Observations 3502 1072 1131 540 626 210 2371 446 
         
Constant 9,159 4,275 2,901 2,65 -1,394 1,204 5,512 3,096 
 (0,4)** (0,57)** (0,37)** (0,46)** (0,77) (2,18) (0,83)** (1,36)* 

log(l) 0,145  0,164 0,217   0,471  
 (0,02)**  (0,04)** (0,05)**   (0,05)**  
log(e)  0,235   0,632 0,822  0,36 
  (0,03)**   (0,07)** (0,15)**  (0,07)**
log(k) 0,312 0,584 0,548 0,593 0,439 0,221 0,287 0,597 
 (0,01)** (0,02)** (0,01)** (0,02)** (0,03)** (0,07)** (0,02)** (0,03)**
log(0,35*g) 0,269 0,104 0,259 0,186 0,258 0,228 0,245 0,064 
 (0,01)** (0,02)** (0,02)** (0,04)** (0,04)** (0,07)** (0,01)** (0,02)**
         
trend 0 0,005 -0,009 -0,015 0,002 0,063 -0,007 -0,008 
 (0,001) (0,004) (0,001)** (0,003)** (0,004) (0,03)* (0,002)** (0,008) 
(trend^2)/1000 0,122 -0,012 0,195 0,297 0,007 -0,718 0,086 0,102 
 (0,02)** (0,06) (0,02)** (0,06)** (0,06) (0,42) (0,03)** (0,12) 
         
R2

Adj 0,998 0,999 0,999 0,999 1 1 0,997 0,999 
         
S.E. of 
regression 

0,13714 0,06015 0,072647 0,074234 0,052593 0,032307 0,144499 0,061101

         
D-W 0,12 0,223 0,143 0,139 0,188 0,537 0,134 0,322 
NOTE: The dependent variable is log(y). Standard errors are in parenthesis. All equations were estimated using OLS. Samples are unbalanced 
except for equations 4 and 6. y = GDP, l = labour force, total, e = employment, total, k = capital stock, g = general government final consumption 
expenditure 
* Significant at a 5 percent level.  
** Significant at a 1 percent level. 
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TABLE 2    Results with the WDI Data (difference data)  

Regressors 1 2 3 4 5 6 7 8 

Country group All All 1 1 1 1 2 2 
Sample period 1961-2002 1981-2002 1961-2002 1972-2002 1981-2002 1994-2001 1961-2002 1981-2004
         
Countries 93 61 30 30 30 30 63 31 
Observations 3407 953 1100 480 592 150 2307 361 
         
Constant 0,001 -0,004 -0,006 -0,008 0,002 0,069 -0,01 -0,02 
 (0,01) (0,01) (0,00) (0,01) (0,01) (0,02)** (0,01) (0,01) 

log(l) 0,589  0,174 0,279   0,932  
 (0,25)*  (0,11) (0,18)   (0,29)**  

log(e)  0,429   0,777 0,747  0,347 
  (0,08)**   (0,11)** (0,14)**  (0,11)** 

log(k) 0,29 0,589 0,555 0,544 0,535 0,605 0,278 0,586 
 (0,03)** (0,04)** (0,04)** (0,07)** (0,06)** (0,11)** (0,04)** (0,07)** 

log(0,35*g) 0,121 0,1 0,207 0,169 0,099 0,094 0,113 0,099 
 (0,01)** (0,03)** (0,05)** (0,07)* (0,06) (0,10) (0,01)** (0,03)** 
         
trend/1000 0,049 0,106 0,269 0,393 -0,057 -1,83 0,014 0,493 
 (0,08) (0,15) (0,08)** (0,13)** (0,15) (0,58) (0,11) (0,33) 
         
R2

Adj 0,204 0,377 0,377 0,313 0,498 0,465 0,202 0,31 
         
S.E. of regression 0,044292 0,027106 0,027013 0,02682 0,021748 0,021058 0,049595 0,032881
         
D-W 1,697 1,494 1,496 1,845 1,391 1,634 1,75 1,721 
NOTE: The dependent variable is log(y) .Standard errors are in parenthesis. All equations were estimated using OLS. Samples are 
unbalanced except for equations 4 and 6. y = GDP, l = labour force, total, e = employment, total, k = capital stock, g = general government 
final consumption expenditure 
* Significant at a 5 percent level. 
** Significant at a 1 percent level. 
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TABLE 3    Results with the Solow residual (WDI data)            

Regressors 1 2 3 4 5 6 7 8 

Country group 1 1 1 1 1 1 2 2 
Sample period 1960-2002 1960-2004 1980-2002 1980-2002 1991-2001 1993-2001 1690-2002 1960-2004 
         
Countries 30 30 30 30 30 30 63 63 
Observations 1151 1131 641 626 270 210 2446 2371 
         
Dependent variable log(y) residual log(y) residual log(y) residual log(y) residual 
         
Constant 3,651 -0,373 0,842 -0,842 1,886 -1,174 5,041 -1,487 
 (0,44)** (0,16)* (0,77) (0,36)* (1,86) (0,78) (1,01)** (0,15)** 
log(l) 0,321      0,712  
 (0,03)**      (0,06)**  
log(e)   0,652  0,911    
   (0,07)**  (0,13)**    
log(k) 0,655  0,567  0,367  0,376  
 (0,01)**  (0,02)**  (0,05)**  (0,02)**  
log(0,35*g)  0,016  0,035  0,048  0,066 
  (0,01)*  (0,01)*  (0,03)  (0,01)** 
         
trend -0,005  0,006  0,027  -0,004  
 (0,001)**  (0,004)  (0,022)  (0,003)  
(trend^2)/1000 0,139  -0,022  -0,249  -0,033  
 (0,03)**  (0,07)  (0,3)  (0,04)  
         
R2

Adj 0,999 0,002 0,999 -0,025 1 0 0,997 0,041 
         
S.E. of regression 0,082954 0,078913 0,057008 0,055349 0,038171 0,033261 0,164953 0,156366 
         
D-W 0,12 0,125 0,179 0,166 0,396 0,489 0,1 0,106 
NOTE: Standard errors are in parenthesis. All equations were estimated using OLS. Samples are unbalanced except for equations 5 and 6. 
y = GDP, l = labour force, total, e = employment, total, k = capital stock, g = general government final consumption expenditure
* Significant at a 5 percent level. 
 ** Significant at a 1 percent level. 
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TABLE 4    Results with the Solow residual:  the WDI data and calibrated coefficient values  

Regressors 1 2 3 4         
Country group All All All All     
Sample period 1960-2002 1960-2004 1980-2002 1980-2002     
         
Countries 93 93 70 70     
Observations 3597 3502 1087 1072     
         
Dependent variable log(y) residual log(y) residual     
         
Constant 6,629 -1,398 6,633 -1,9     
 (0,01)** (0,14)** (0,78)** (0,32)**     
log(l) 0,65        
         
log(e)   0,65      
         
log(k) 0,35  0,35      
         
log(0,35*g)  0,061  0,08     
  (0,01*)*  (0,01)**     
         
Trend 0,002  0,009      
 (0,001)*  (0,005)      
(trend^2)/1000 -0,017  0,012      
 (0,02)  (0,08)      
         
R2

Adj 0,997 0,029 0,999 -0,001     
         
S.E. of regression 0,163069 0,15454 0,073338 0,070677     
         
D-W 0,081 0,086 0,173 0,171         
NOTE: Standard errors are in parenthesis. All equations were estimated using OLS. Samples are unbalanced.  
y = GDP, l = labor force, total, e = employment, total, k = capital stock, g = general government final consumption expenditure
* Significant at a 5 percent level.  
** Significant at a 1 percent level. 
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TABLE 5     Results with the OECD Data  

Regressors 1 2 3 4 5 6 7 8 9 

Sample period 1960-2004 1960-2004 1960-2004 1970-2004 1970-2004 1970-2004 1975-2004 1975-2004 1975-2004 
Observations 826 826 826 701 701 701 612 612 612 
          
Constant 7,987 6,746 4,59 6,623 5,413 3,428 5,963 4,723 2,7 
 (0,62)** (0,62)** (0,68)** (0,77)** (0,76)** (0,83)** (0,81)** (0,78)** (0,83)** 
log(ep) 0,222 0,285 0,319 0,346 0,42 0,458 0,396 0,468 0,511 
 (0,04)** (0,04)** (0,04)** (0,05)** (0,05)** (0,05)** (0,06)** (0,06)** (0,06)** 
log(k1) 0,549   0,532   0,526   
 (0,02)**   (0,02)**   (0,02)**   
log(k2)  0,554   0,53   0,527  
  (0,02)**   (0,02)**   (0,02)**  
log(k3)   0,608   0,576   0,572 
   (0,02)**   (0,03)**   (0,03)** 
          
trend 0,007 0,008 0,008 0,004 0,004 0,002 0,007 0,007 0,004 
 (0,002)** (0,001)** (0,002)** (0,002)* (0,002) (0,002) (0,003)* (0,003)* (0,003) 
(trend^2)/1000 0,011 0,016 -0,005 0,086 0,091 0,1 0,034 0,039 0,053 
 (0,02) (0,02) (0,02) (0,03)** (0,03)** (0,03)** (0,05) (0,04) (0,04) 
          
R2

Adj 0,999 0,999 0,999 0,999 0,999 0,999 0,999 0,999 0,999 
          
S.E. of 
regression 

0,073974 0,073931 0,07495 0,071077 0,070699 0,071277 0,067044 0,066429 0,067479 

          
D-W 0,138 0,137 0,135 0,134 0,134 0,131 0,131 0,132 0,128 
NOTE: The dependent variable is log(y). Standard errors are in parenthesis. All equations were estimated using OLS. All samples are unbalanced. 
p = private production, ep = private employment. k1 = private capital stock, k2 = enhanced capital stock, which includes private and government capital 
stocks, k3 = enhanced capital stock, which includes private, government and government expenditure related human capital stocks
* Significant at a 5 percent level.  
 ** Significant at a 1 percent level. 
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TABLE 5     (continued) Results with the OECD Data 

Regressors 10 11 12 13 14 15 16 17 18 

Sample period 1980-2004 1980-2004 1980-2004 1985-2004 1985-2004 1985-2004 1991-2004 1991-2004 1991-2004 
          
Observations 514 514 514 414 414 414 294 294 294 
          
Constant 5,119 3,802 2,312 6,429 5,008 3,948 6,702 4,024 3,14 
 (1,09)** (1,04)** (1,14)* (1,30)** (1,22)** (1,26)** (2,23)** (2,09) (2,22) 
log(ep) 0,529 0,59 0,627 0,676 0,709 0,73 0,877 0,863 0,878 
 (0,07)** (0,06)** (0,06)** (0,08)** (0,08)** (0,08)** (0,10)** (0,09)** (0,09)** 
log(k1) 0,477   0,346   0,207   
 (0,04)**   (0,04)**   (0,07)**   
log(k2)  0,487   0,376   0,309  
  (0,03)**   (0,04)**   (0,06)**  
log(k3)   0,517   0,4   0,331 
   (0,04)**   (0,04)**   (0,07)** 
trend 0,016 0,015 0,013 0,02 0,019 0,018 0,045 0,044 0,043 
 (0,004)** (0,004)** (0,005)** (0,007)** (0,007)** (0,007)* (0,016)** (0,002)** (0,002)** 
(trend^2)/1000 -0,093 -0,089 -0,073 -0,117 -0,115 -0,106 -0,412 -0,434 -0,42 
 (0,07) (0,07) (0,07) (0,11) (0,11) (0,11) (0,22) (0,21)* (0,21)* 
          
R2

Adj 0,999 0,999 0,999 0,999 1 1 1 1 1 
          
S.E. of 
regression 

0,062232 0,061229 0,062079 0,054035 0,052668 0,052844 0,042699 0,040978 0,04099 

          
D-W 0,134 0,138 0,135 0,164 0,173 0,172 0,255 0,274 0,274 
NOTE: The dependent variable is log(y). Standard errors are in parenthesis. All equations were estimated using OLS. Samples are unbalanced expect 
in equations 16-18. p = private production, ep = private employment. k1 = private capital stock, k2 = enhanced capital stock, which includes private and 
government capital stocks,  k3 = enhanced capital stock, which includes private, government and h government expenditure related uman capital 
stocks 

*Significant at a 5 percent level.  
 ** Significant at a 1 percent level. 
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TABLE 6    Results with the OECD data, capital/labour ratio form  

Regressors 1 2 3 4 5 6 7 8 9 

Sample period 1960-2004 1960-2004 1960-2004 1970-2004 1970-2004 1970-2004 1975-2004 1975-2004 1975-2004 
          
Observations 826 826 826 701 701 701 612 612 612 
Constant 4,261 4,031 3,29 4,753 4,6 4,015 4,82 4,634 4,055 
 (0,20)** (0,20)** (0,23)** (0,27)** (0,27)** (0,34)** (0,25)** (0,25)* (0,35)** 
log(k1/ep) 0,566   0,531   0,522   
 (0,02)**   (0,02)**   (0,02)**   
log(k2/ep)  0,574   0,532   0,527  
  (0,02)**   (0,02)**   (0,02)**  
log(k3/ep)   0,623   0,571   0,566 
   (0,02)**   (0,03)**   (0,03)** 
trend 0,008 0,008 0,007 0,004 0,004 0,002 0,007 0,007 0,005 
 (0,002)** (0,001)** (0,001)** (0,002)* (0,002) (0,002) (0,003)* (0,003)* (0,003) 
(trend^2)/1000 -0,018 0 -0,01 0,066 0,084 0,105 0,021 0,038 0,064 
 (0,03) (0,03) (0,02) (0,03) (0,03)* (0,03)** (0,05) (0,04) (0,05) 
          
R2

Adj 0,998 0,998 0,998 0,999 0,999 0,999 0,999 0,999 0,999 
          
S.E. of 
regression 

0,077129 0,075449 0,075208 0,071765 0,070745 0,071281 0,067255 0,066374 0,067725 

          
D-W 0,117 0,124 0,13 0,126 0,131 0,132 0,127 0,132 0,13 
NOTE: The dependent variable is log(p/ep. )Standard errors are in parenthesis. All equations were estimated using OLS. All samples are 
unbalanced.p = private production, ep = private employment. k1 = private capital stock, k2 = enhanced capital stock, which includes private and 
government capital stocks, k3 = enhanced capital stock, which includes private, government and government expenditure related human capital 
stocks 
* Significant at a 5 percent level.  
 ** Significant at a 1 percent level. 
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TABLE 6    Results with the OECD data continued  

Regressors 10 11 12 13 14 15 16 17 18 

          
Sample period 1980-2004 1980-2004 1980-2004 1985-2004 1985-2004 1985-2004 1991-2004 1991-2004 1991-2004 
          
Observations 514 514 514 414 414 414 294 294 294 
          
          
Constant 5,225 5,067 4,823 6,796 6,154 6,381 8,228 7,375 7,048 
 (0,45)** (0,44)** (0,54)** (0,51)** (0,49)** (0,57)** (0,89)** (0,81)** (0,87)** 
log(k1/ep) 0,477   0,344   0,187   
 (0,04)**   (0,04)**   (0,07)**   
log(k2/ep)  0,48   0,36   0,252  
  (0,0)**   (0,04)**   (0,06)**  
log(k3/ep)   0,493   0,365   0,247 
   (0,04)**   (0,05)**   (0,06)** 
trend 0,016 0,015 0,014 0,02 0,019 0,018 0,045 0,045 0,043 
 (0,004)** (0,004)** (0,005)** (0,007)** (0,007)* (0,008)* (0,016)** (0,016)** (0,016)** 
(trend^2)/1000 -0,092 -0,075 -0,05 -0,111 -0,095 -0,078 -0,395 -0,399 -0,378 
 (0,07) (0,07) (0,07) (0,1) (0,1) (0,11) (0,22) (0,21) (0,21) 
          
R2

Adj 0,999 0,999 0,999 0,999 0,999 0,999 1 1 1 
          
S.E. of regression 0,06217 0,061407 0,062818 0,053985 0,05287 0,053373 0,042788 0,041562 0,041804 
          
D-W 0,134 0,139 0,135 0,164 0,172 0,17 0,251 0,265 0,263 
NOTE: The dependent variable is log(p/ep). Standard errors are in parenthesis. All equations were estimated using OLS. Samples are 
unbalanced except in equations 16-18. p = private production, ep = private employment. k1 = private capital stock, k2 = enha government 
expenditure related nced capital stock, which includes private and government capital stocks, k3 = enhanced capital stock, which includes 
private, government and human capital stocks 

*Significant at a 5 percent level.  ** Significant at a 1 percent level. 
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TABLE 7     Results with the OECD Data, differenced data 

Regressors 1 2 3 4 5 6 7 8 9 

Sample 
period 

1961-2004 1961-2004 1961-2004 1981-2004 1981-2004 1981-2004 1992-2004 1992-2004 1992-2004 

          
Observations 805 805 805 493 493 493 273 273 273 
Constant 0,015 0,014 0,014 0,012 0,011 0,009 0,023 0,023 0,021 
 (0,004)** (0,004)** (0,004)** (0,005)* (0,005)* (0,006) (0,014) (0,013) (0,013) 

log(ep) 0,653 0,681 0,695 0,654 0,674 0,688 0,765 0,778 0,789 
 (0,07)** (0,07)** (0,07)** (0,09)** (0,09)** (0,09)** (0,09)** (0,09)** (0,09)** 

log(k1) 0,493   0,4   0,259   
 (0,05)**   (0,07)**   (0,08)**   

log(k2)  0,511   0,42   0,298  
  (0,06)**   (0,07)**   (0,09)**  

dlog(k3)   0,559   0,442   0,322 
   (0,06)**   (0,08)**   (0,10)** 
          
trend/1000 -0,237 -0,212 -0,271 -0,053 -0,035 -0,001 -0,264 -0,267 -0,242 
 (0,08)** (0,08)* (0,08)** (0,15) (0,15) (0,15) (0,33) (0,33) (0,33) 
          
R2

Adj 0,401 0,395 0,384 0,439 0,438 0,432 0,438 0,442 0,442 
          
S.E. of 
regression 

0,025632 0,025751 0,025987 0,022125 0,022147 0,022259 0,020602 0,02053 0,020539 

          
D-W 1,651 1,663 1,64 1,409 1,432 1,43 1,557 1,578 1,581 
NOTE: The dependent variable is log(p). Standard errors are in parenthesis. All equations were estimated using OLS. Samples are 
unbalanced except in equations 7-8. p = private production, ep = private employment. k1 = private capital stock, k2 = enhanced capital stock, 
which includes private and government capital stocks, k3 = enhanced capital stock, which includes private, government and government 
expenditure related human capital stocks 
* Significant at a 5 percent level. 
** Significant at a 1 percent level. 
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TABLE 8     Results with the OECD Data; differenced capital/labour ratio form 

Regressors 1 2 3 4 5 6 7 8 9 

          
Sample 
period 

1961-2004 1961-2004 1961-2004 1981-2004 1981-2004 1981-2004 1992-2004 1992-2004 1992-2004 

          
Observations 805 805 805 493 493 493 273 273 273 
          
          
Constant 0,019 0,02 0,023 0,013 0,013 0,012 0,023 0,023 0,022 
 (0,003)** (0,003)** (0,003)** (0,005)* (0,006)* (0,006)* (0,01) (0,01) (0,01) 

log(k1/ep) 0,428   0,366   0,245   
 (0,05)**   (0,07)**   (0,07)**   

log(k2/ep)  0,415   0,355   0,248  
  (0,05)**   (0,07)**   (0,07)**  

log(k3/ep)   0,405   0,344   0,243 
   (0,05)**   (0,07)**   (0,08)** 
          
trend/1000 -0,273 -0,275 -0,365 -0,044 -0,023 0,004 -0,249 -0,233 -0,19 
 (0,08)** (0,09)** (0,09)** (0,14) (0,15) (0,15) (0,34) (0,34) (0,34) 
          
R2

Adj 0,229 0,217 0,197 0,13 0,126 0,114 0,053 0,057 0,054 
          
S.E. of 
regression 

0,025745 0,025934 0,026258 0,022122 0,022178 0,022322 0,020568 0,020524 0,020558 

          
D-W 1,658 1,661 1,63 1,409 1,427 1,42 1,561 1,585 1,587 
NOTE: The dependent variable is log(p/ep). Standard errors are in parenthesis. All equations were estimated using OLS. Samples are 
unbalanced except in equations 7-9.p = private production, ep = private employment. k1 = private capital stock, k2 = enhanced capital stock, 
which includes private and government capital stocks, k3 = enhanced capital stock, which includes private, government and government 
expenditure related human capital stocks 
* Significant at a 5 percent level. 
** Significant at a 1 percent level. 
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TABLE 9     Results with the Slow residual; OECD data

Regressors 1 2 3 4 5 6 7 8 9 

Sample period 1960-
2004 

1960-
2004 

1960-
2004

1980-
2004

1980-
2004

1980-
2004

1991-
2004

1991-
2004

1991-2004 

Observations 826 826 826 514 514 514 294 294 294 
          
          
Dependent variable log(p) residual residual log(p) residual residual log(p) residual residual 
          
Constant 7,987 -0,055 -0,063 5,119 -0,485 -0,229 6,702 -1,927 -1,516 
 (0,62)** (0,18) (0,21) (1,09)** (0,43) (0,49) (2,23)** (0,66)** (0,83) 
log(ep) 0,222   0,529   0,877   
 (0,04)**   (0,07)**   (0,09)**   
log(k1) 0,549   0,477   0,207   
 (0,02)**   (0,04)**   (0,07)**   
log(kg)  0,002   0,018   0,072  
  (0,007)   (0,016)   (0,02)**  
log(kg+kh)   0,002   0,008   0,055 
   (0,008)   (0,018)   (0,03) 
          
trend 0,009   0,016   0,045   
 (0,002)**   (0,004)**   (0,016)**   
(trend^2)/1000 0,011   -0,093   -0,412   
 (0,02)   (0,07)   (0,22)   
          
R2

Adj 0,999 -0,026 -0,026 0,999 -0,038 -0,042 1 -0,029 -0,054 
          
S.E. of regression 0,073974 0,073831 0,07383 0,062232 0,061908 0,062017 0,042699 0,041504 0,042008 
          
D-W 0,138 0,138 0,138 0,134 0,135 0,135 0,255 0,267 0,261 
NOTE: Standard errors are in parenthesis. All equations were estimated using OLS. Samples are unbalanced except in equations 7-9.  
p = private production, ep = private employment. k1 = private capital stock, kg = government capital stock, kh = government expenditure 
related human capital stock 
* Significant at a 5 percent level. 
 ** Significant at a 1 percent level. 
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TABLE 10     Results with the Solow residual; OECD data and calibrated parameter values  

Regressors 1 2 3 4 5 6 7 8 9 

Sample period 1960-2004 1960-2004 1960-2004 1980-2004 1980-2004 1980-2004 1991-2004 1991-2004 1991-2004 
Observations 826 826 826 514 514 514 294 294 294 
Dependent variable log(p) residual residual log(p) residual residual log(p) residual residual 
          
Constant 6,728 0,559 -0,453 6,721 -1,148 -0,762 6,213 -1,415 -0,978 
 (0,01)** (0,22)* (0,25) (0,08)** (0,50)* (0,56) (0,31)** (0,66)* (0,82) 
log(ep) 0,65   0,65   0,65   
          
log(k1) 0,35   0,35   0,35   
          
log(kg)  0,021   0,043   0,053  
  (0,01)*   (0,02)*   (0,02)*  
log(kg+kh)   0,017   0,028   0,035 
   (0,01)   (0,02)   (0,03) 
          
Trend 0,02   0,02   0,046   
 (0,001)**   (0,005)**   (0,016)**   
(trend^2)/1000 -0,134   -0,109   -0,445   
 (0,03)**   (0,07)   (0,22)*   
          
R2

Adj 0,999 -0,014 -0,02 0,999 -0,019 -0,033 1 -0,053 -0,068 
          
S.E. of regression 0,083837 0,083288 0,083522 0,063447 0,062649 0,063114 0,043713 0,043132 0,043449 
          
D-W 0,097 0,098 0,098 0,127 0,131 0,129 0,243 0,25 0,246 
NOTE: Standard errors are in parenthesis. All equations were estimated using OLS. Samples are unbalanced except in equations 7-9.  
p = private production, ep = private employment, k1 = private capital stock, kg = government capital stock, kh = government expenditure related 
human capital stock 
* Significant at a 5 percent level. 
 ** Significant at a 1 percent level. 
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TABLE 11     Some selected equations estimated by GLS (DWI and OECD data)   

Regressors 1 2 3   4 5 6   7 

Corresponds to equation 1 
in table 7 

equation 2 
in table 7 

equation 3 
in table 7 

Corresponds to  Corresponds 
to 

equation 1 
in table 2 

Sample period 1961-2004 1961-2004 1961-2004 Sample period 1961-2004 1961-2004 1961-2004 Sample period 1961-2002 
Observations 805 805 805 Observations 805 805 805 Observations 3407 
Constant 0,019 0,018 0,019, Constant 0,023 0,023 0,027 Constant 0,004 
 (0,00)** (0,00)** (0,00)**  (0,00)** (0,00)** (0,00)**  (0,00)* 

log(ep) 0,672 0,697 0,712     log(l) 0,27 
 (0,08)** (0,08)** (0,08)**      (0,07)** 

log(k1) 0,455   log(k1/ep) 0,386   log(k) 0,388 
 (0,05)**    (0,05)**    (0,02)** 

log(k2)  0,475  log(k2)/ep  0,373  log(0,35*g) 0,107 
  (0,05)**    (0,05)**   (0,01)** 

log(k3)   0,506 log(k3/ep)   0,354   
   (0,06)**    (0,06)**   
trend/1000 -0,37 -0,339 -0,401 trend/1000 -0,408 -0,403 -0,477 trend/1000 0,111 
 (0,073)** (0,074)** (0,073)**  (0,076)** (0,078)** (0,077)**  (0,048)* 
          
R2

Adj 0,454 0,452 0,435 R2
Adj 0,296 0,286 0,263 R2

Adj 0,335 
S.E. of 
regression 

0,025581 0,025707 0,025938 S.E. of 
regression 

0,025684 0,025877 0,026198 S.E. of 
regression 

0,04358 

D-W 1,621 1,636 1,615 D-W 1,624 1,632 1,607 D-W 1,605 
NOTE: The dependent variable is log(p) in equations 1-3, log(p/ep) in equations 4-6 and log(y) in equation 7. Standard errors are in parenthesis. All 
equations were estimated using GLS. All samples are unbalanced. See tables 1, 5 and 6 for variable definitions. 

* Significant at a 5 percent level.  
 ** Significant at a 1 percent level. 
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TABLE 12    Optimal weights for the government and human capital stocks.

     
      
Sample Period Weight (x)    
1960-2004 0.3     
1965-2004 0.4     
1970-2004 0.3     
1975-2004 0.3     
1980-2004 0.5     
1985-2004 1.0     
1991-2004 1.0     
      
Optimal weight is selected to minimize the standard error of the CD regression 
equation 
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Figure 3. Capital stocks 

Pri = Private capital stock, 2 = Private and government capital stocks, 3 = Private, government and human capital stocks 
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Figure 4. Capital-output ratios 

1 = (Private and government capital stocks)/GDP,  2 = (Private, government and human capital stocks)/GDP 
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Figure 5. 

The share of education and health expenditure of government's final consumption expenditure
(averages, years 1990-2003 or shorter period*)
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Figure 6.

The share of education and health expenditure of government's final consumption expenditure
(averages, years 1984-1996 or shorter period*)
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Figure 7.

The share of education and health expenditure of government's final consumption expenditure
(averages, years 1990-2003 or shorter period*)
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Figure 8.

The share of education and health expenditure of government's final consumption expenditure
(averages, years 1984-1996 or shorter period*)
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Figure 9. 

Comparison of OECD-countries
(averages, years 1984-1996)
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Figure 10.

Capital-output ratio and economic growth in 16 OECD-countries 
(averages, years 1960-2004)
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Figure 11. 

Capital-output ratio and economic growth in 16 OECD-countries 
(averages, years 1960-2004)
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Figure 12. 

Capital-output ratio and economic growth in 16 OECD-countries 
(averages, years 1960-2004)
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Figure 13.

Capital-output ratio and economic growth in 21 OECD-countries
(averages, years 1979-2004)
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Figure 14. 

Capital-output ratio and economic growth in 21 OECD-countries
(averages, years 1979-2004)
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Data appendix 

The main purpose of this appendix is to explain methods and data used in this study.  

A.1 Data7

The two main data sources are the World Bank and the OECD.  In the next section both sources 
are treated separately.  

The World Bank’s annual data contains 34 time series from 208 countries. The longest possible 
time interval is from 1960 to 2002, but several countries have much shorter time series. 93 
countries are selected to be used in this study. This includes the countries that have all essential 
time series and capital-output ratios. Following time series are used in empirical analysis: 

y  GDP (constant) 
 g General government final consumption expenditure (constant)  
 - Gross capital formation (constant) 
 l Labor force, total 
 - Military expenditure (% of GDP) 
 - Unemployment rate, total 

Generated time series are: 

 k Capital stock (constant)  
 e Employment, total  
 m Military expenditure (constant) 

Capital stocks are generated using gross capital formation series, capital-output ratios and 
average depreciation rate. Initial value of the capital stock is counted by multiplying initial 
year’s gross domestic product by same year’s capital-output ratio. The capital-output ratios are 
obtained from King and Levine’s article Capital Fundamentalism, Economic Development, and 
Economic Growth (1994). The article doesn’t cover capital-output ratios for all the countries or 
all possible years. That’s one of the reasons why some countries have to be left out. The capital 
stock of the following year is counted assuming that the annual depreciation rate is 5% for all 
the countries. This depreciation rate may be an overestimation, because investment series 
includes both private and public investments. Knowing the initial value, the gross capital 
formation series and the assumption of the annual depreciation rate, counting the capital stock 
series is trivial. The capital stock series are counted separately for each included country, 
because countries have different initial years in the gross capital formation series.  

The OECD’s annual data contains 9 time series from 29 OECD-countries. Necessary data is 
available from 21 countries and they are all included in the empirical analysis. Following time 
series are used:  

 y GDP (volume) 
 g Government consumption (volume) 
 - Government investment (volume)8

                                             
7 The data is available upon request from the Government Institute of Economic Research. 
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 - Private fixed investment (volume) 
 - Employment, total 
 - Employment, government   
     
Generated time series are:  

 ep Employment, private 
 k1 Private fixed capital stock 
 kg Government capital stock 
 kh Human capital stock 

k2 Enhanced capital stock, which includes private and government        
capital stocks 

 k3 Enhanced capital stock, which includes private, government  
  and human capital stocks 
 p Private production 

Generating private employment and enhanced capital stock series is trivial. Private production is 
counted deducting government consumption and investments from the gross domestic product. 
The capital stock series are generated using the same principles as with the World Bank’s data. 
Assumed annual depreciation rates for private capital, government capital and human capital are 
5,9%, 3,8% and 10%, respectively. The depreciation rates are assumed to be same for all the 
countries and the depreciation rates that are used with the OECD’s data are counted for Finland 
by using time series released by the Statistics Finland. The annual depreciation rate is counted 
as average for the time period of 1975–2002 using time series of net capital stock by industry 
and consumption of fixed capital by industry. The initial value of the capital stock is counted as 
in the World Bank’s case, but now it has to be divided into private and public sector. This is 
done by using average shares of private and public investments. These values are corrected by 
the difference of the depreciation rates, because the public investments sustain longer than the 
private ones. The initial value is distributed among the sectors based on these corrected average 
investment shares. When these are known counting the private and government capital stocks is 
trivial.

Human capital stock is much more puzzling, because it’s harder to generate human capital 
investment series and even harder to figure out the initial value of the human capital stock. In 
this study, it’s assumed that the human capital investments include all education expenditure 
and 60% of health expenditure. It’s approximately true that in Finland about 60% of the health 
expenditure is used on children or people at working age (This doesn’t mean that the health 
expenditure used on retired people is waste. It just means that this expenditure has no impact on 
private sector productivity or production growth.). As figures 7 and 8 show all the education 
expenditure and 60% of the health expenditure is about 35% of total government consumption 
in the OECD-countries. That’s why annual human capital investment is assumed to be 35% of 
the government’s consumption expenditure. The initial value is assumed to be 10 times the first 
year’s investment, in other words 3,5 times the first year’s government total consumption 
expenditure. Human capital stock is assumed to depreciate 10% per year. By means of these 
assumptions the human capital stock can be easily calculated. 

Figures 3, 4, 10, 11, 12 and 13 are based on data obtained or generated from the OECD data. 
Figures 5 and 6 are based on data obtained from the Eurostats’ General government expenditure 
                                                                                                                               
8 The government fixed investment series were available only in value so they couldn’t be used. The 
government investment series is used instead. In 18 of the 21 countries government investments and 
private fixed investments are summed up as total fixed investments and in the three remaining countries 
maximum error is 1,2%. 
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by COFOG (classification of the functions of the government) function and type data table. 
Figures 7, 8 and 9 are based on basic time series’ obtained from the National Accounts.   

A.2 Country groups 

The World Bank data is divided into two groups based on the gross domestic product (constant 
in 1995 international dollars) per capita in the year 2000.  

First Group (countries that have GDP per capita over 5000 dollars): 

Argentina, Australia, Austria, Belgium, Canada, Chile, Denmark, Finland, France, Germany, 
Greece, Hong Kong, Iceland, Ireland, Italy, Japan, Republic of Korea, Luxemburg, Mexico, 
Netherlands, New Zealand, Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United 
Kingdom, Uruguay and USA. (Altogether 30 countries) 

Second Group (countries that have GDP per capita below 5000 dollars): 

Algeria, Bangladesh, Benin, Bolivia, Botswana, Brazil, Burundi, Cameroon, Colombia, Congo 
Republic, Costa Rica, Dominican Republic, Ecuador, Egypt, El Salvador, Ethiopia, Gabon, 
Gambia, Ghana, Guatemala, Guinea Bissau, Guyana, Haiti, Honduras, India, Indonesia, Iran, 
Ivory Coast, Jordan, Kenya, Lesotho, Madagascar, Malawi, Malaysia, Mali, Mauritania, 
Mauritius, Morocco, Mozambique, Nicaragua, Niger, Nigeria, Pakistan, Panama, Papua New 
Guinea, Paraguay, Peru, Philippines, Rwanda, Senegal, Sierra Leone, South Africa, Sri Lanka, 
Swaziland, Syria, Thailand, Togo, Tunisia, Turkey, Uganda, Venezuela, Zambia and 
Zimbabwe. (63 countries) 

21 selected countries from the OECD data are: 

Austria, Belgium, Canada, Germany, Denmark, Finland, France, United Kingdom, Greece, 
Ireland, Iceland, Italy, Japan, Republic of Korea, Mexico, Netherlands, Norway, New Zealand, 
Portugal, Sweden and USA.  

A.3. Data sources 

Economic Outlook No 76: Annual and Quarterly data, OECD (in text referred as OECD data) 

General government expenditure by COFOG function and type, Eurostat (release date 
20.3.2005) (in text referred as Eurostat data) 

King, R. and Levine, R., (1994). Capital fundamentalism, economic development, and eco-
nomic growth. Carnegie-Rochester Conference Series on Public Policy. 40: 259-292. North-
Holland.

National Accounts, volume II, OECD (1998) 

World Development Indicators 2004, the World Bank. (in text referred as World Bank data). 
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