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ABSTRACT

Abstract

The relationship between economic development and public infrastructure capital
has puzzled economists, economic geographers, planners, and other social scientists, for
many years. This thesis presents an attempt to theorise and conduct empirical research on
this field in the context of a developing economy within the European Union - Greece.
Key to understanding the work undertaken in this thesis is the wider theoretical and
applied research, which has flourished in the US and other countries during the last
decade. The thesis examines the effects of public capital investment on Greek economic
development viewed at different spatial scales. More specifically, it explores the role of
infrastructure spending at national, regional, and urban (metropolitan area of Athens)
levels.

The empirical presentation begins with a description of the Public Investment
Programme from 1976 onwards. This is the main channel for public investment in
infrastructure capital in Greece. Its various public capital sub-categories have been
aggregated into two basic types, ‘productive’ and ‘social’ infrastructure. The next step
was to utilise a production function analytical framework and panel data analysis to
explore the direct and network effects of infrastructure investment on manufacturing
industry. Positive effects of infrastructure spending are apparent. An alternative approach,
cost function analysis, is deployed in the second major empirical section. Using various
spatial levels, the role of public capital on the private costs of production can be examined
by the calibration of a cost function for industrial sectors. The results show that
infrastructure investment reduces private costs in manufacturing at most spatial levels.

Finally, the thesis investigates other direct and indirect channels by which public
capital can affect the non-manufacturing and manufacturing sectors of the private
economy. The empirical findings show that there is no significant infrastructure impact
on the former sector, whereas there are mixed results for the indirect channels on
manufacturing. It can be safely argued that the public capital and regional development
relationship is a complex one, especially as infrastructure effects can be different at

different spatial levels.
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INTRODUCTION

Chapter 1

Introduction

1.1 The infrastructure ‘puzzle’

The relationship between public infrastructure capital and development has
puzzled economists and other researchers for a long time. This thesis aims to examine
empirically the economic impact of public investment in infrastructure capital in Greece
during the period 1976 to 1992 with a view to shedding some light on this fascinating
relationship. One fundamental problem is that all the elements of this relationship are far
from being theoretically unproblematic, and that, as with all social/economic phenomena,
such a relationship is extremely complex. As will be demonstrated in the subsequent
chapters, public capital may well have different effects on different aspects of private
sector production activity (productivity, cost structure, returns of scale, etc.) when viewed
at different spatial scales. It is this underlying complexity that has given rise to the
‘puzzle’ characterisation of the relationship between public infrastructure and

development in some of the research literature.

Even though eminent writers from previous times, such as Adam Smith, showed
an interest in the effects of public works on the economy, it was not after the second
World War that there has been a systematic attempt to theorise and assess the impact of
infrastructure on development (see chapter 2). During the last decade, however, an even
more intense interest in the effect of public infrastructure on national and regional
economies has generated a voluminous literature. The renewed debate was sparked by the
works of Ratner (1983) and especially Aschauer (1987, 1988; 1989a), about the way in
which public capital in the United States has affected development and productivity.
Despite the fact that there are numerous examples of similar research, both from the US
and other countries, the term public infrastructure capital (here used interchangeably with
the terms public capital, public infrastructure, or just infrastructure) remains problematic.
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INTRODUCTION

It tends to have different meanings in different contexts, as the introduction to definitional

issues on infrastructure by Diamond and Spence (1989) indicates.

The are only two previous attempts before this thesis to examine the infrastructure
investment effects in Greece utilising a modern analytical framework, those by
Dalamagas (1995), and Segoura and Christodoulakis (1997). This thesis differs from
these earlier attempts in the sense that it uses a much narrower definition for public
capital, and employs panel data instead of time series analysis. The most crucial
difference, however, is that there is the explicit introduction of the spatial dimension in

the analysis.

1.2 The spatial dimension of the infrastructure-

development relationship

The introduction of space creates an additional difficulty in the examination of the
problem at hand. There is no guarantee that public capital can have the same impact in all
regional economies. As economic and social structures vary regionally so it is plausible to
expect different infrastructural effects in such varying contexts. However, as will be
argued later in this thesis, the introduction of the spatial dimension is essential for the
understanding of the infrastructure effects on the economy, even if the only objective of

the research sets out to understand the role of public capital at the national level.

To be more specific, the majority of recent infrastructure studies have been based
on the analysis of time-series datasets. However, the use of such data, apart from the
obvious shortcoming of the relatively few available observations, has an even more
significant disadvantage. As infrastructure effects can be different at the micro-spatial
level (for instance prefectural or NUTS III levels), the use of aggregate data, at national
level for instance, can result in the loss of such crucial information. For this reason a
different approach has been used in this thesis (which, it must be confessed, was also
dictated by the lack of sufficiently long enough time-series for the Greek regions, either at
prefectural levels, or regional or NUTS II levels) - that of panel analysis.

In a typical time-series analysis, a dataset of say some 15 or 20 observations in

time is used for the country or the region under investigation. In contrast, in the cross-
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INTRODUCTION

section analysis say some 30 or 40 observations of, for example, spatial units or firms are
used for a given moment in time. In the panel data analysis, the time-series observations
for all similar cross-sectional units (prefectures, regions, sectors, firms, etc.) are stacked
together. This method has some very significant advantages (a concise description is
offered in Appendix I), of which the most important are the important increase in the
number of available observations, and the enhanced ‘richness’ of the dataset (for instance,

the information say derived from spatial units or sectors).

Even though the impact of public capital investment in the non-manufacturing
part of the economy has been examined in more than usual detail (see chapter 6), the
great bulk of the analysis undertaken here refers to Greek manufacturing industry. This
analysis has been conducted at both regional and sectoral levels. In fact, even the sectoral
analysis has been undertaken at different spatial levels - the nation as a whole, the
metropolitan area of Athens, and a region composed of the Rest of Greece. (The dataset
for this last region was obtained by subtracting the data for the Athens sectors from those

of Greece as a whole).

1.3 The Greek economy during the period 1976-1992

The post war economic development of Greece was characterised by remarkable
rates of growth up until the seventies. The Gross Domestic Product (GDP) was 350$ per
capita in 1953, increasing to 574 $ per capita in 1960, to reach 1133 $ per capita by 1970.
However, during the first half of the seventies it became obvious that the economic
growth of Greece was being hampered, and an economic crisis of the Greek
manufacturing in particular, and the Greek economy in general, began to emerge. Growth
rates started to decelerate and after a while investment, demand and production suffered
from severe decline. Concurrently, several structural changes took place in the Greek
economy, such as the reinforcement of the traditional industrial sectors at the expense of
the most advanced ones, the decline of foreign investment, the rise in foreign trade deficit
and, after many years, the appearance of unemployment (for a further analysis, as well as
some potential explanations for the dramatic drop of the rate of economic growth in
Greece, see Georgakopoulos 1995, Gianitsis 1985, pp. 356-383, Katseli 1990, Kintis
1995, Lianos et al. 1995, Sakkas 1994, or Vaitsos et al. 1987).
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INTRODUCTION

The Greek economy did not recover during the eighties. As Christodoulakis has
argued “the three salient characteristics of Greek economy during the period 1980-94
was the decrease of the growth rate, the dramatic decline of investment, and the
threatening swelling of public debt” (1998, p. 23). It is characteristic of the problems of
the Greek economy that during 1981 and 1982 the increase of the national product was
almost zero (ibid.). As Greece had become a member of the European Economic
Community during that period the trade deficit almost doubled from 1980 to 1982.

The fiscal austerity programmes previously adopted by the government had not
been successful and, thus, by 1985 public spending had reached 43 percent of the Gross
Domestic Product (GDP), the inflation rate was over 20 percent, and public investment
had fallen to 11 percent of GDP (ibid.). A new austerity package did not change the
situation. In 1989, public spending had skyrocketed at S0 percent, and the public deficit
reached 15 percent. It general, it can be argued that during the period under examination
in this thesis “Greece has experienced repetitions of fiscal political cycles with pre-
electoral expansions giving way to post-electoral stabilizations, and the cycles have been
getting wilder at each new turn” (Thomadakis 1993, p. 363). It is true that during the
nineties some of these indicators improved. However, it was certainly the case that
Greece failed to meet the Maastricht Treaty criteria in order to be in the first wave of the
European Monetary Union.

The problems of Greek economy are not restricted only to the macro-economic
level. The structural problems at the micro level, particularly evident in the secondary
(industrial) sector, as mentioned earlier, abound. High transaction costs for all types of
economic activity (Papandreou 1988a), an underdeveloped capital stock and capital
markets, a black economy of approximately 30 percent of Gross National Product
(Pavlopoulos 1987), an agricultural labour force about 28 percent of the total (for year
1986, as cited in Katseli 1990, p. 270), are just some of these problems.' It is in this
economic context and era that this thesis examines the role of public capital in regional

and national development.

! Lianos and Lazaris (1995) have argued that although the Greek economy will probably do better in the
beginning of the next century, when compared to the last thirty years, a “potential recovery would be far
Jrom spectacular” (p. 72).
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1.4 A digression to methodological problems and research

alternatives

The recent resurgence of research about infrastructure has been based on the
mainstream approach of neoclassical economics. The emphasis in this approach on
empirical research is one of the main reasons for its dominance in current public capital
thinking. Yet, this analytical framework is not uncontested. A comprehensive critique (of
positivism and empiricism, which underpin this dominant approach) at the
methodological level, can be found in Sayer 1992; equally interesting critiques about the
underlying assumptions of neoclassical economics exist and one can be found in Dobb
1973.

Even though this thesis utilises mainstream theoretical and statistical tools, it
would be interesting to present briefly some of the basic ideas of the radical alternative
theorisation for the role of infrastructure capital. A basic summary of this theorisation can
be found in Skayannis (1990; 1994), along with a critique of the more mainstream
approaches’. Some of the most interesting ideas of the radical theorisation draw directly
from the work of Marx (despite the fact the he did not address the subject directly). He
argued that “the relative surplus population and surplus production” must be all the
greater if the fixed capital is of large scale, long life and only indirectly related to
production — “thus more to build railways, canals, aqueducts, telegraphs, etc. than to
build the machinery” (Marx 1973, p. 707, cited in Harvey 1982, p. 217).”

As is argued in chapter 2, there is no general agreement of what types of fixed
capital should be included in an infrastructure definition within mainstream public capital
research. There has been a similar debate in the context of the more radical tradition.
Authors like Lojkine (1976) have proposed a broad definition including public works on

2 Unfortunately, this analysis ignores the (then) emerging literature from the United States (Aschauer,
Munnell, etc.). At the same time this study has two additional shortcomings. First, it conflates the critique
of the whole neoclassical analytical framework with the critique of particular research project (such as the
work of Biehl [1986] for the regional effects of infrastructure in Europe) which really should be judged in
its proper context. Secondly, it seems that it lacks a basic understanding of the rudimentary tools of
economic analysis (see, for example, the misrepresentation of production function in Skayannis 1994, p.
105), and the standard economic ‘jargon’ either of Marxist or orthodox approach, at least in Greek. That
said, this basic summary has been able in addition to incorporate some of the more obscure pieces of radical
research into the debate, which is useful in itself.
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social infrastructure. Other authors, for example, Theret (1982), have argued that such a
broad definition confounds the actual physical basis of infrastructure with its operation’.

One of the most interesting recent attempts at theorising the role of public capital
following the radical tradition has come from a not unexpected source. Harvey has argued
that “fixed capital formation and in particular the creation of physical infrastructures in
the built environment cannot be understood independently of the social processes that
regulate distribution” (1982, p. 69). In his view, fixed capital in general (which includes
of course physical infrastructure) is installed to increase labour productivity, which,
however, “becomes, once it is installed, a barrier to further innovation” (ibid. p. 123). In
that sense, infrastructure can either increase or decrease economic development at a
particular point in time. Governments can create infrastructure either by direct investment
(such as public utilities, transport and communications), or by regulating the private

sector which would undertake the investment.

Harvey justifies the public involvement on the basis of the “scale of investment
required and in part because we are dealing with ‘natural monopolies’ which arise
because it is physically impossible to have a large number of competitors operating in the
same area” (ibid. p. 151; see also Harvey 1989b, chapter 7). Other authors have argued
that there is an ‘oscillation’ in the provision of infrastructure between the public and
private sectors, which depends mainly on technological and economic (profitability)
factors (see Laepple 1973, or Skayannis 1990, 1994).

However, on of the most interesting points raised by Harvey’s analysis is the
direct relationship between evolving infrastructure fixed capital and the temporal and
spatial displacement of resources and excess capital. He argues that “excess capital and
surplus labour can, for example, be absorbed by switching from current consumption to
long-term public and private investments in plant, physical and social infrastructures”
(1989, p. 182). Similarly, the over-accumulation problem in a specific space can be
solved if the excess resources can be used for the ‘production’ of new spaces in which

capitalist production can continue. The importance of the finance and credit systein in

3 This is a crucial point to the radical debate, which cannot be developed further here due to space
limitations. For a more extensive analysis, as well as discussion of the prerequisite conceptual tools refer to
Skayannis 1994, chapter 3.
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mediating these temporal and spatial displacements has to be noted (see Harvey, 1982 and
1989b).

Those who control excess capital, credit, and the political system can determine
the spatial allocation of the new infrastructure investment. This means “the ability to
influence the production of space is an important means to augment social power”
(Harvey 1989b, p. 233). This power to command ‘space’, the argument continues,
“becomes an even more important weapon in class struggle” (ibid. p. 294). At the same
time the increased mobility of private capital and the different regional endowment of
infrastructure capital would lead to “spatial competition between locdlities, cities,
regions, and nations” (ibid. p. 295).

Sheppard and Barnes (1990) in a most useful, yet underrated attempt to ‘reshape’
the radical approach in economic geography, summarised previous arguments of the
Marxist literature (Harvey 1982, or Walker 1981). They agreed that infrastructure
investment reduces the size of inputs necessary per unit produced for a substantial period
in the future. However, they argued that “such a strategy diminishes the flexibility of
future actions, however, since fixed capital investments must be depreciated before they
can be economically written off, and because fixed capital from bygone eras may no
longer be functional for capital accumulation” (Sheppard and Bames p. 192). Even
though they did not incorporate explicitly infrastructure capital in the spatial models they
developed, their transportation model illustrates how improved transportation investment
can ameliorate the production capabilities of a given economy (see Sheppard and Barnes
pp. 277-280).

The radical approaches to infrastructure analysis have delineated a general
(macro) framework in which public capital investment can be theorised. However, they
have not yet developed appropriate analytical tools for an empirical analysis and
assessment of specific infrastructure projects or policies. For these reasons, and without
forgetting the theoretical value of these radical approaches, this thesis has opted to utilise

the more conventional analytical framework provided by the neoclassical approach.
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1.5 Thesis structure

The chapters of the thesis can be divided to three basic types according to
purpose. Chapters 2 and 3 provide the theoretical and data foundations for the empirical
analysis. This analysis is then presented in chapters 4, 5, and 6, and the last part (chapter

7) provides a summary of the main conclusions.

More particularly, the first part of chapter 2 contains a compendium of the earlier
attempts to theorise and investigate empirically the public capital and economic
development relationship. There is also an analysis of the theoretical difficulties that a
“public infrastructure’ definition entails, and a synopsis of the main ‘empirical tools’ upon
which the empirical analysis has been based. However, the largest part of this chapter has
been used to undertake a comprehensive presentation of the recent resurgence of
academic work on infrastructure research. An attempt has been made to offer an account
of all sides of the debate, and to do justice even to the very recent (and to, a large extent,
tentative) methods of empirical investigation of the problem. Special attention has been
given to illustrate the nuances and complexities that the addition of the spatial dimension
adds to the problem.

Chapter 3 is a description of the Public Investment Programme (PIPR), which has
been the main source for infrastructure investment in Greece. The first sections cover the
historical and legal context in which PIPR has evolved. The latter sections present the
temporal evolution and regional distribution of PIPR investment in total, and of its basic
categories. Several measures have been used in order to gauge the degree of regional

inequality.

The empirical investigation starts in chapter 4. The dominant approach in the
recent infrastructure research is the use of production function analysis, and more
particularly of the Cobb-Douglas variant. This analytical framework has been used in this
chapter primarily in order to facilitate a comparison of the Greek results with similar
findings from other countries. The centre of the investigation is the Greek manufacturing
industry at regional (prefectural) level, and several empirical specifications have been
used. There are also several different spatial levels of analysis, as well as temporal and

network analysis undertaken in this section of the work.

23



INTRODUCTION

One recent and promising alternative analytical framework is that of cost function
analysis and this constitutes the primary focus of chapter 5. There, in addition to the
regional (prefectural) dataset for Greek manufacturing, several sectoral panels of data
have been used. The first regards a sectoral dataset for Greece as a whole. The second,
which is the only available from the National Statistical Service of Greece at the
‘regional’ level, is that for the manufacturing industry in the metropolitan area of Athens.
The third is the dataset for the manufacturing industry in the Rest of Greece, which has
been derived by subtraction. Even though the interpretation of the empirical results is not
as straightforward as might be the case for the production function analysis, the cost
function analytical framework presents the opportunity for a deeper investigation of the
infrastructure impact on the production and cost structure of manufacturing. Thus, several
measures have been used to help in this direction. These are the cost elasticities of
manufacturing with respect to infrastructure, the private factors of production bias effects,
the private input demand elasticities with respect to public capital, and the ‘shadow
values’ of public infrastructure.

The production and cost function approaches are perhaps the standard tools of
empirical analysis in infrastructure research, certainly this statement is true of the former
lines of study. There are, however, some more recent attempts in economic modelling that
have been undertaken with the aim of investigating other more indirect channels by which
public capital can affect private sector economic performance. Chapter 6 has used one
such model, which takes a simple but comprehensive view of the economy, in order to
explore further the infrastructure effects in Greece. The first part of chapter presents this
theoretical model. The second is dedicated to the analysis of public capital’s impact on
the non-manufacturing part of the economy, using again regional data (at the prefectural
level), and for this purpose quasi-production functions have been employed. The use of
these production functions was dictated by the data limitations regarding the non-
manufacturing sectors. The next part of chapter 6 presents the analysis of the potential
indirect channels of infrastructure effects on the manufacturing part of the economy. The
first of the explored channels concerns the effects of public capital on the preferred scale
of production. This point is explored further by analysing the impact of infrastructure on
the total output of the manufacturing sector. Another potential channel by which public

capital can affect the private sector is by altering the equilibrium number of
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manufacturing establishments. This and indeed all analysis of these indirect channels has
been conducted using once again the four available datasets, that is regional at the
prefectural level (for total manufacturing), sectoral for Greece as a whole, sectoral for the
metropolitan area of Athens (urban level), and sectoral for the remainder region termed
the Rest of Greece.

The final chapter offers a summary of the major empirical findings of the thesis. It
also presents a list of theoretical and practical limitations of work of this sort in order to
put these findings into context. The last part of this chapter gives a comprehensive list of
possible extensions of this research, a potential based on already existing data and
analytical frameworks, and proposes some ideas for future research, based on different

theoretical premises.

25



ALTERNATIVE APPROACHES

Chapter 2
Evolving Alternative Approaches to
Comprehending the Infrastructure-Development

SymbioSis

2.1 Introduction

Theoretical and applied research in every discipline usually reflects the problems
and needs that a society is faced with at that specific point in time. This is even more the
case for the social sciences. The search for a theoretical and empirical understanding of
the relationship between public infrastructure capital and development has flourished
whenever there was a need for a review and rationalisation of public investment policy.
Such needs have occurred immediately after the Second World War, when there were
numerous projects for rebuilding the destroyed infrastructure, and during the last two
decades. The more recent period has reflected a time in many countries when the
dominant economic philosophy has been to reduce the economic role of the public sector.
This has been coupled with an imperative need for a more rational allocation of

infrastructure investment.

The stabilisation policies followed by many governments have aimed to reduce
inflation and public deficits. In many cases, the policies of fiscal austerity have slashed
public investment in infrastructure, alongside the other public expenditures. However,
even after recent public investment retrenchment, public infrastructure stock remains still
a great part of the overall capital stock of almost every country. For instance, in 1987 the
non-military public capital stock of the United States was 29 percent (1,887 billion
dollars) of the total national capital stock. It could then, of course, be argued that just the
sheer volume of the public investment spend begs for a comprehensive investigation of

its effects on the economy.
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Despite the fact that understanding the relationship between public capital and
development is critically important for national economic efficiency, infrastructure
investment only really became a political ‘buzz’ word in the nineties. The issue of public
investment had a significant place in the 1992 Clinton electoral programme (Clinton and
Gore 1992 and Clinton 1993), while in European Union political agenda infrastructure
projects have always had a special place. Electoral programmes and government policies
have an infrastructure reference because the physical aspect of public capital stock seems
to be construed by the clectorate as a visible evidence of the policy efficiency of a
government. However, and given the huge amounts spent, it is not always clear that
governments know exactly in what type of public capital they should invest, nor what are
the short and long-run effects of this investment (for example, if there is a crowding-out

of private investment, and so on).

The need for policy guidelines has spawned a new theoretical and empirical
interest in infrastructure research. There have been several recent attempts to provide a
summary and further clarification of this literature. This by no means implies that there is
a lack of previous similar literature reviews of the field. Rietveld’s (1989) review or
Vickerman’s (1991) Infrastructure and Regional Development collected volume are
excellent examples of the infrastructure effects literature. As regards the new strands of
research originating in the US, Gramlich’s (1994) review essay, Sturm’s (1998) book, and
the collected volumes edited by Munnell (1990) and Batten and Karlsson (1996) can also

be recommended.

This chapter sets out to present in section 2 a summary of earlier attempts to
investigate the infrastructure puzzle, before the resurgence of research in the late eighties,
primarily utilising a different method of measuring public capital stock. Section 3 gives a
brief presentation of the seminal work of Aschauer on US infrastructure and some key
points of the subsequent debate, particularly about production function analysis. Part 4
delineates the main alternative - the cost function analytical framework - and discusses
examples of such applied work. Section 5 presents a summary overview of empirical
research on infrastructure effects from around the world. The next part addresses the
econometric problems and controversies of the debate to date. Part 7 offers a preview of

some recent examples of innovatory and alternative methods that have been developed

27



ALTERNATIVE APPROACHES

recently for the investigation of the infrastructure-development relationship. The
conclusion summarises the main points of this literature survey, tables 2.1, 2.2, and 2.3
providing a concise report of the most important contributions to the field, as well as to

some of the main results of this research.

2.2 Early approaches to understanding the public capital -

development connection

2.2.1 Definition of public infrastructure capital

The notion of governmental or public provision of infrastructure capital is, of
course, not new. Adam Smith (1970) in the Wealth of Nations suggested that the state had
the duty to erect and maintain certain public works. Historical experience has shown that
different countries have chosen different paths for the construction of the infrastructure
necessary to underpin the economy. A classic example is the case of railway networks,
which in some countries have been set up by private companies (United States), while in
others they have been funded (and run) by the public sector, as is (was) the case in many

European countries.

However, the exact nature of public infrastructure capital is not always clear. In
the search for a definition of the term public capital (or public infrastructure, or just
infrastructure, as here these terms are used interchangeably) a helpful departure point
could involve the clarification of the term ‘capital’. A basic definition of capital' includes
“all those man-made aids to further production, such as tools, machinery and factories,
which are used up in the process of making other goods and services rather than being
consumed for their own sake” (Lipsey 1989, p. 3). Sometimes the term financial capital
is employed to describe the money used to start up or maintain a business, and the term
Physical capital (or capital goods) for the tangible factors of production (see Varian
1993).

'Thisisa widely accepted definition for capital, in the neoclassical context of analysis. It has, however, to be
reminded that other schools of though view capital differently. The radical (marxist) approach sees capital as
“process rather than a thing” (Harvey [quoting Marx] 1982, p. 20).
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However, even if a proper and acceptable definition of capital can be generated, it
still would be a different and, to some extent, a more difficult task to measure it. This
measurement is even more problematic if the task is to measure public capital. The
treatment, for instance, of military outputs or non-durable goods causes difficulties.
Residential housing sometimes is also included in the capital stock. Education, too, is
also difficult in terms of its human capital interpretation. It seems that public capital is a
problematic and rather elusive term, and in most cases, instead of a well-founded

theoretical definition, what has been employed has been a rule of thumb.

As mentioned above, the period just after the second World War brought
infrastructure investment under the spotlight. Infrastructure networks, especially in
Europe, had been seriously damaged, and also many governments saw investment in
public capital as an efficient tool of economic development. One of the first authors
dealing with the term ‘overhead capital’ was Singer who distinguished between
‘overhead’ and ‘directly productive’ projects for development (Singer 1951). Nurkse
(1961) considered overhead capital to be a crucial factor, which if present could lead a

country, especially an underdeveloped one, out of a stagnation phase.

Another key writer, Hirschman (1958) adopted the distinction between ‘social
overhead capital’ (SOC) and ‘directly productive activities’ (DPA) in his seminal work -
The Strategy of Economic Development. His concept of SOC includes those basic
services without which the productive activities in primary, secondary, and tertiary
sectors cannot function. In addition to the conventional understanding of what the
physical infrastructure entails, SOC also includes services associated with public health

and welfare as well as education and public security.

According to Hirschman, there are three necessary conditions by which an activity
can be classified (or not) under the heading SOC. First, it should be able to support a
great variety of economic activities. Second, it should be provided by public agencies free
of charge or at rates regulated by these agencies. And third, the services that it supports
cannot be imported. He also uses a rather complex fourth condition. The investment
necessary to provide SOC services should be characterised by technical indivisibility

(‘lumpiness’ as he calls it) and a high capital-output ratio. This condition forms the basis
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upon which the difference between the wide and narrow definition of SOC is based. If
this condition is adopted, then SOC is restricted to ‘hard’ infrastructure such as highways,
airports, power installations, whereas categories such as education and health are

excluded.

Further, he was able to identify two sequences of development - development via
excess capacity of SOC and the development via shortage of SOC (expansion starts
through increases in the supply of DPA). He also argued that regional policies that follow
the excess capacity sequence rarely generate the desirable expected results. In his
opinion, it was irrational to rely on the ability of the SOC facilities to induce development
of other economic activities in backward areas. He also considered that a moderate
shortage of SOC is unlikely to do much damage to a dynamic and developing area. On
the contrary he argued, if good quality SOC facilities were provided, there would be a

tendency for industries to refrain from creating their own facilities.

Some writers such as Rostow (1963) suggested that, in fact, everything that is
necessary for economic development can be considered as overhead capital. Hansen
(1965a; 1965b) has also used the terms, direct productive capital, and overhead capital.
He argued that public capital has different impact on different regions believing that it is
the characteristics of the recipient region and the type of public infrastructure that will
determine the actual impact. He took the view that it would be better to direct an
investment in economic overhead capital to a region developed to an intermediate level,
where it would stimulate economic growth. The contrary line is where an investment in
overhead capital is directed to a lagging region, which well might need it most. Hansen
takes the view that, if economic overhead capital investment is directed to the lagging
region, this could well constitute a waste of resources because they are unlikely to be able
to compete with the intermediate regions. It is clear for Hansen that the sequence of
development policy should be social capital investment in lagging regions, and overhead

capital investment in intermediate regions.

Youngson (1967, p.40) proposed another definition suggesting that “overhead
capital is that capital which the government feels itself called upon to provide because

private investment is absent or inadequate”. His definition implies that in order to
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characterise capital as overhead capital it has to be kept in mind that the latter is not a set
of things but a set of properties. The two main features are first an ability to create
external economies and second a requirement to be built ahead of demand. This

definition 1s in accordance with the concepts invoked by Nurkse discussed earlier.

Diamond and his co-authors (1984) also adopted Hirschman’s theoretical
approach to infrastructure using this term as synonymous with SOC. Diamond and
Spence (1989, p.49) also argued that infrastructure provision is like an intermediate input
into production activities in the economy. They also provided a working and workable
definition that indicates that “infrastructure is the collective and integrative capital basis

for economic activity”.

A thorough analysis of the theoretical problems of infrastructure definition has
been provided by Diewert (1986). He applied duality theory to a restricted profit function
to examine how public services might affect private manufacturing firms. He classified
infrastructure investment into four categories: utility, communication and transportation
investments, and land development projects, each one of which comprised several
subcategories (19 in total). He also provided an extensive presentation of the different
approaches to measuring the potential benefits of investments in local public goods or

infrastructure services.

The precursor of modern regional infrastructure research can be considered in the
work of Mera (1973) on Japan. Using ordinary least squares and covariance analysis he
showed” that public infrastructure capital was significant in the production process in
every economic sector (primary, secondary, and tertiary), with the caveat that the

estimations were sensitive to the specification of the relevant equations.

One of the most important research projects yet undertaken attempting to analyse
the relationship between public infrastructure and regional development was that of the
study group co-ordinated by Biehl (1986) for the European Community.

2 Recently, Merriman (1990) commenting on the Mera analysis suggested that it would not be correct to
transfer his conclusions to other countries, as there are significant differences of the definition of public
capital from country to country.
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In Biehl’s report, infrastructure is defined as a resource that simultaneously displays the
properties of both public and capital goods. The study argues that infrastructure cannot be
provided efficiently by the market mechanism, and that, in general, it has a longer life
cycle and/or capacity compared with private capital. Infrastructure demonstrates
simultaneously ‘publicness’ both in production and consumption (at least in principle). It
is usually the case that infrastructure is characterised by non-excludability, immobility,
indivisibility, limitationality, and polyvalence, but the degree varies according to
infrastructure type. Another type of analytical breakdown used in this report was a
consideration whether an infrastructure category represents a ‘point’ or ‘band’ or
‘network’ infrastructure subsystem, with bridges, roads, and the combination of a bridge
with a road being respective examples. The group also considered as infrastructure public
human capital, such as knowledge, information, planning and organising capabilities as

well as basic research.

Biehl’s team examined the regional effects of public capital in nine European
countries, Belgium, (West) Germany, Denmark, France, Greece, Ireland, Italy, Holland,
and Great Britain. Various descriptive statistical tools were used in their analysis as well
as the calibration of quasi-production functions®. The prime focus was on how income,
employment, and other potentiality factors are linked with infrastructure. The general
conclusion was that public capital does indeed contribute to regional research, although
there has been considerable subsequent discussion about the methods and data used in

coming to such a view.

2.2.2 Measurement of public infrastructure capital

Apart from difficulties of definition, a fundamental problem which applied
research about public capital has to confront is how to measure it. There are two
competing approaches on this subject, together with a third that is something of a
compromise. The first employs physical measures of the existing stock in a country or

region. The road capacity, for instance, can be measured in terms of length and width

? For an implementation of quasi-production functions refer to the UK case in Meadows and Jackson (1984).
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(quantitative characteristics), and can be additionally weighted by specific indicators of
its features, such as the number of lanes (qualitative characteristics). Such an approach
was followed consistently cross-nationally by the research team convened by Biehl

mentioned above.

The second approach uses monetary measures, usually by adding up past public
investment in infrastructure. This has been extensively used in the recent research in the
US and other countries. Both methods appear to have some advantages and
disadvantages. The physical approach can measure the existing stock at a certain moment
of time with few conceptual problems. However, in practice it is rather difficult to
produce such a measurement, not to mention the problems arising from the qualitative
characteristics of the physical capital stock. The monetary approach seems more suitable
for macro-scale analysis, as it incorporates qualitative characteristics (a better road
network would tend cost more than a poor one, for example), but it also has its
drawbacks. Estimations of the stock of public capital often assumes that the price of
public capital is set in a perfectly competitive capital market, and that the devaluation of

the stock can be accurately estimated. These assumptions can rarely be met.

Eberts, in order to avoid these problems, proposed a third hybrid approach, where
“the monetary estimates of public capital could be benchmarked by using the physical
quantity and quality measures of public infrastructure” (1990, p.18). Even though,
conceptually, this way of thinking seems most proper, in that it potentially could give the
most accurate picture of the infrastructure stock, in practical terms it has the deficiencies

associated with both the physical and the monetary approaches.

However, it is the monetary approach, which seems to be dominant in the

renewed interest about the effects of infrastructure on productivity and development.

2.3 The resurgence of research on public capital and the

production function approach

During the eighties a resurgence in interest about the role of public capital

occurred and resulted in considerable research advance. This research is based on the
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monetary approach to measuring public capital, and uses either a production or a cost
function methodology to measure the impact of infrastructure investment on the private
sector output and productivity. This renewed interest originates in the work of Aschauer

(1987; 1988), and initially was focused in US public capital.

This current strand of research was spawned by the debate about the declining of
productivity growth of the American economy during the seventies. Even though the US
enjoyed the highest absolute level of real gross domestic product per employed person
during the period 1960-1990, it had the smallest rate of increase in comparison to the
other economic powers of the world. The output per worker in the United States had gone
up by less than 50 percent, when in Japan, probably the most significant economic rival,
it had increased by more than four times. More specifically, labour productivity growth in
the private non-farm business sector in the US declined significantly (from an average
annual rate of 2.5 percent in the period 1948-1969 to 2.0 between 1969-1973, and further
to 0.5 percent over 1973-1979). During the eighties a small increase occurred but the
average 1.2 is significantly smaller than the average of the period 1948-1969. (For a more
detailed and thorough analysis of this context see Munnell (1990a).)

Several explanations have been proposed to explain this productivity slowdown,
among which are changes in demographic characteristics and the level of education of the
labour force as well as the energy crisis. At the same time as the productivity growth of
the US economy declined, a downward trend was observed regarding the nation’s public
infrastructure capital. The most conspicuous form of the deterioration was that of urban
infrastructure and for an analysis of this see, for example, Patton (1984). A possible link
between this deterioration and the general level of economic development was advanced
in the early eighties. Choate and Walter (1984) suggested that the bad condition of the
basic public facilities in the US was an obstacle for its economic growth. Barro (1981)
was hinting at the problem when he included government services in a developmental
production function, but he did not estimate directly their productivity. Ratner (1983)
appears to be the first economist to add public capital to a production function in order to

examine whether its marginal product would be positive.
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However, to repeat, it was Aschauer who accounted for the productivity
slowdown as the direct result of a fall in public capital investment. His findings showed
that there was a huge impact of public capital on the productivity of the private sector.
These arguments generated a vigorous debate over this relationship in the US, and some
of his ideas are regarded today as a common truth, or, at the very least, as an absolutely

essential part of the debate on public spending’.

Aschauer used a neoclassical theoretical framework influenced by that of Arrow
and Kurz (1970). The basic idea was to expand a Cobb-Douglas production function by
including the stock of public infrastructure capital, a similar kind of analysis to that used

by Mera for the Japanese case.

The Cobb-Douglas production function normally has the form:

Q= AK*L 2.3.1)

where Q represents output, X is the private capital input, L is the labour input, and 4
represents, normally, a measure of technological progress. If public capital is considered

as another (unpaid) factor of production, the above equation takes the form:

Q = AK*L'G® 23.2)

where G is public capital input. It can be added here that this basic form of equation can
be expressed not only in terms of output, but also in terms of capital productivity
(Aschauer 1989a):

* See, for example, Thurow (1994) Head to Head and Krugman (1994) Peddling Prosperity.
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Q/K = AK*'L’G* (2.3.4)

and labour productivity (Munnell 1990a)

Q/L=AK'L*'G® (2.3.5)

None of these forms of Cobb-Douglas function can be estimated by standard
econometric methods as they are non-linear in the parameters a, b, and c. Equation 2.3.2,
for instance, has to be transformed into a log-linear form®, by taking the natural
logarithms of variables O, X, L, and G, and of the constant 4, in order to be estimated by
conventional econometric methods. The operational form of equation 2.3.2 after the

logarithmic transformation and appending an error term (e) becomes:

InQ = InA + alnK + bInL + cInG + ¢ (2.3.6)

The parameters a, b, and ¢ measure the elasticity of output with respect to private
capital, labour, and public capital respectively. These coefficients are the relative shares
of the respective factors of the total product, under the assumption that each production
factor (input) is paid by the amount of its marginal product (which implies that there is a
perfectly competitive market for each production factor). These shares, in a more
rigorous language, measure the elasticities of output in respect to private capital, labour,
and public capita16. This means that if labour, for instance, is increased one unit then the

coefficient b indicates the respective increase in output. The relationship between these

3 Some econometricians call such a model a double-log formulation, reserving the term log-linear for models
where the dependent variable is in logarithmic form and the independent variables have not been transformed
(Ramanathan 1992). Here, however, the more widespread convention is followed, by which the former
model is called log-linear (the terms log-log, and double-log sometimes are also used) and the latter Jog-lin
(Gujarati 1995).

® In a log-linear regression the estimated coefficients measure the elasticity of the dependent variable with
respect to the corresponding independent variables, in contrast to simple linear regression where such
elasticities have to be calculated. See Gujarati (1995) for an illustrative analysis of this point.
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coefficients represents the degree of homogeneity of the equation, or in economic terms

the type of returns of scale (see chapter 4, section 4.6, for a more thorough analysis).

As mentioned, Aschauer’s initial interest was the examination of the effects of
public spending on the US economy. He argued that expansions of public investment
spending have a larger stimulative impact on private sector output than equal increases in
public consumption expenditure have. Thus, an increase in public investment generates
an increase in the rate of return of private capital. This increase, in turn, stimulates
private investment (1989a). His empirical analysis showed that an increase in public
investment produced four to seven times greater increases in private-sector output than
increased public consumption. At the same time, changes in government consumption
(salaries of public servants, consumption goods purchased by public sector, etc.) had no

effect, or at least only a small positive influence, on private-sector output (Aschauer
1987, 1988).

Further, his empirical analysis for the US economy during the period 1949-1985,
showed that different categories of public capital investment affected productivity in
different ways. Aschauer used the ‘core’ infrastructure concept, a subdivision of non-
military capital stock which is comprised by the sum of public investment on highways,
mass transit, airports, electrical and gas facilities, water, and sewers. Core infrastructure
seems to have the greatest impact on productivity, in comparison to other forms of public
investment, such as on general public buildings (office buildings, fire and police stations,
courthouses, garages, passenger terminals), hospitals, conservation and development, and
educational buildings. Military capital stock did not appear to be an explanatory factor at
all of the productivity slowdown, despite the fact that it represented one third of the total

government stock of equipment and structures (Aschauer 1989a).

Aschauer took the view that there are two main reasons justifying public
investment in the public infrastructure. The first is the private market’s failure to allocate
resources the optimum way. Producers of such goods and services cannot find a practical
manner to exclude particular agents from consuming them and, thus, cannot receive the
right price in order to get a competitive return. The second reason is because of

economies of scale. In the case of the acquisition and distribution of water, for example,
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there are substantial decreases in cost when the scale of production increases (Aschauer
1989).

One of the most important supporters of these ideas is Munnell. She has justified
public provision of goods and services using similar arguments to Aschauer and agreed
that the drop in labour productivity was due to a decline in the growth of public
infrastructure. She argued that an increase in public capital investment would not only
stop the erosion of the existing infrastructure stock, but would also raise the rate of
growth in the amount of capital per worker and, thus, labour productivity (Munnell
1990a).

Aschauer and Munnell's ideas were truly influential and generated a vigorous
debate with Holtz-Ealkin probably the most prominent and informed opponent. Holtz-
Eakin, in series of papers, (1992; 1993a; 1993c) argued that the emphasis on the
productivity and competitiveness effects of public capital is misplaced’. He did not deny
the fact that during the seventies productivity growth fell to unprecedented levels, but he
supported the theory of reverse causation with regard to the public infrastructure. His
argument is that after the Second World War and until the early seventies, the US
economy performed well. As result, substantial investment in the public infrastructure
was undertaken, for example the construction of the interstate highway system. However,
productivity growth dropped significantly in the seventies and in consequence
government budgets were tightened and this, in turn, caused a serious decline in the
growth of public capital stock. In other words, it was the decline of productivity that

caused the decrease in the rate of infrastructure accumulation and not the converse.

Holtz-Ealkin did not deny also the fact that the large stock of public capital in the
US provides benefits for the national economy as a whole. However, he argued that the
US already has on average a rather good stock of infrastructure and any additional
increase to this stock would be hardly likely to increase the overall productivity of the
economy. He pinpointed as the major problem with public capital the fact that it is free to

use and that there is no incentive to maintain the existing infrastructure stock.

7 However, recently Holtz-Eakin argued that public capital does affect positively private sector behaviour via
more compex channels of influence and these are discussed later.
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What he suggested was not new investment programmes for public capital, but
alternative programmes whose goal was to charge users for the services that the
infrastructure delivers. These charges could be collected with the assistance of the
appropriate sensor-mechanisms and systems (given the recent innovations in electronics
and computers). Further, he considered that if such programmes were adopted, instead of
new investments in public capital, then the intensity of demand for infrastructure services
would be revealed and this, in turn, would lead to the improvement of the planning
process. User fees, he argued, could then be directed towards the maintenance and
modernisation of the already existing public capital. Basically, he is critical of the post-
war Federal policy in the US, which has tended to subsidise new investment in
infrastructure rather than maintaining well the already existing stock. If a new
philosophy, along the lines he outlines, was adopted by the Federal government then a
more efficient use of the infrastructure stock would result. Furthermore, he feels that this
would also help to save on resources since this policy would be more cost-effective than

new build.

All the aforementioned examples of research on public capital have used a
methodology based on the Cobb-Douglas production function. This category of
production function is easy to estimate and the interpretation of the results gives some
immediate answers about the elasticities of the production inputs. Unfortunately, granted
its convenience and ease of use, this approach it is characterised by some restrictive
properties. The Cobb-Douglas function is characterised by constant (unitary) elasticity of
substitution, which is the measure of how the ratio of factor inputs changes as the slope
of an isoquant changes, or alternatively is the measure of the substitution possibilities of
the production function. However, this restriction does not represent accurately the
dynamic aspect of the real production process, especially in cases where technological

innovation affects the intensity of use the production inputs.

A way to relax such a restrictive assumption as the unitary elasticity of
substitution, is to adopt a different type of production function, such as the transcendental
function (translog). The translog function allows for variable elasticity of substitution,
and also has the advantage of being easily estimable. If public infrastructure capital is
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added to the private capital and labour inputs the basic logarithmic form of the translog is

as follows:

nQ=0+p, L+ MK+B, NG+, (nLXInL)+ By inKXInK)+B;(InGYInG)

+B (LYIK) + B, (LY G)+ B (nKXInG) +e (2.3.7)

where InQ, InL, InK, and InG, are, as before, the natural logarithms of output, labour,
private, and public capital, respectively, a is the constant term, and e the error term. The
drawback of translog production function is that in an applied econometric calibration
there is a need for significantly more degrees of freedom for its estimation, certainly in

comparison to the Cobb-Douglas function.

There are, nevertheless, several examples of infrastructure research based on
translog production functions. One, actually predating Aschauer’s work, was that of da
Silva Costa et al. (1987) who estimated such a function for the US for the period 1932-
1972. Their results showed that public capital and labour were complementary inputs,
public capital exhibited diminishing returns, and the ratio of public to private capital was
negatively related to the output elasticity of public capital.

Production function analysis, either in Cobb-Douglas or translog guise, has proven
popular in infrastructure applied research in the US. This research field is conducted at
three, many times intertwined, spatial levels - the national level, regions and/or states, and

sub-regionally say at the level of metropolitan areas.

Garcia-Mila and McGuire (1992) estimated a Cobb-Douglas production function
using a panel consisting of observations for the 48 contiguous states. As a public
infrastructure capital proxy the study used data relating to highway capital and education.
An interesting feature of their estimations was that they did not use state dummy
variables because they did not want the cyclical variation to dominate the long-run
relationship. Instead, they used the state population and a measure of the average
industrial mix of every state to capture potential differences across states. Both highway

and education public capital was shown to have a positive impact on output.
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However, in a more recent attempt, and estimating again a Cobb-Douglas
function, these same authors used first differences of the data, and tested for random and
fixed regional (state level) effects, nonstationarity, endogeneity of the private inputs, and
measurement error. The results showed that here public capital variables were not
significant, with the caveat that there are aspects of the problem yet to be explored, such
as the use of time lags for the impact of infrastructure, or the networks effects (Garcia-
Mila and McGuire 1996).

~ Pinnoi (1994) estimated a translog production function also using panel data (48
states from 1970 to 1986) an applying various econometric techniques. His findings
showed that water and sewer services are complements to private capital and labour in

most regions and industries.

Sturm and de Haan (1995) estimated a Cobb-Douglas production function for the
same period as Aschauer. However, they used the first differences suggesting that this is
necessary because the variables are neither stationary nor cointegrated. They concluded
that infrastructure does not affect development, and also stressed that the alternative cost
function approach might be helpful.

Dalenberg and Partridge (1995 p. 635) examined the effects of public capital,
along with taxes and government spending, on employment in 28 metropolitan areas of
the US. Their overall conclusion is that public infrastructure “did not appear to positively
influence metropolitan employment”.

Evans and Carras (1994a), using panel data from the 48 contiguous states in a
production function analysis, concluded that if specific econometric methods (correction
for serial correlation, attempt to take endogeneity into account) are used, then
government capital, statistically, has negative productivity, with the exception of

government educational services.

Moomaw et al (1995) replicated Munnell’s regional work for the US, but with one
major difference. Instead of using the Cobb-Douglas form, they preferred the translog
function. Their basic conclusion was that water and sewage systems have had the biggest
contribution (in comparison with other types of public capital) to regional (state) output,
especially in the southern states. They also argued that their results supported Hansen’s
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assertion that the economic impact of various types of infrastructure depends on the

characteristics of the region.

The results of Baltagi and Pinnoi (1995), for a panel of 48 US states, showed
again that water and sewerage capital investments make a significant contribution to

private sector productivity, in contrast that is, to the other categories of public capital.

2.4 The cost function (duality theory) approach to

infrastructure researchs

Production function analysis is by no means the only avenue of approach to
understanding the role of public capital. One alternative theoretical framework is that of
cost function analysis and duality theory. An extensive theoretical presentation of this
approach can be found in Diewert (1986) and Chambers (1988). In a nutshell this
approach can be described as follows. In the context of a national or regional economy
any industry can be assumed to be seeking to minimise its production cost. This can be

expressed in terms of a private cost func<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>