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Abstract

This paper ams to offer a new perspective on the productivity enhancing impact
of public capitd. In contrast to the mgority of the literature which addresses mainly
infragtructure effects on national or regionad growth, the present contribution argues
that a much broader analyticd viewpoint is needed which encapsulates dso
knowledge and research capital (suprastructure) and environmental capital
(ecodtructure). After a discusson of the dtate of the at and a criticd overview of
various cavests in a traditional approach, a new evauation framework is presented. A
quaitative test on the vdidity of the new approach is conducted by means of a
comparative case study analyss.



1. Productivity and Public Capital

The scene of public policy has dragticdly changed in recent years. Policies of a
directly controlling nature have largely been replaced by indirect policies which serve
to faclitate the operation of the market by means of flanking measures or market-
based (dis-)incentives. The devolution movement has had far reaching implications
for the functioning of our economies & the turn of the century.

This observeation gpplies adso to regionad policy. Decentraization, deregulation
and privdizaion have become trend-setting mechanisms to enhance efficiency in a
regiond system while leaving the responshility for regiond devdopment as much as
possible with the stakeholders involved. In this context a vivid debate has started on
the range of competence and effectiveness of regiond planning. The typica
traditiond view on regiond planning as ‘manna from heaven’ has faded away and
more modest ambitions on the role public policy can play have emerged.

Public policy - induding regiond and infrastructure policy - is nowadays
increesingly viewed from the perspective of endogenous growth theory (see eg.,
Romer 1986, Lucas 1988, Aghion and Howitt 1988, and Nijkamp and Poot 1999).
The idea is that an extenson of the range of traditional production factors (such as
capital, land, labour) towards contemporaneous modem productivity-enhancing input
factors (such as knowledge, R&D, education etc.) may offer a more appropriate
explanation for additiond returns on investment. By focussng on human cepitd and
by incorporating the creetion of such capitd as an endogenous explanatory factor, the
role of public policy is no longer externd to the (regiond-) economic system, but an
intrindc part of its operation. Clearly, some caution is warranted on the assumed
pogtive impact of public capitd on economic development (Andrews and Swanson
1995, Mas et al. 1996).

An important gtarting point for a thorough analysis of the impact of public capita
on regiond development was given more than forty years back by Hirschman (1958)
who in his sudy on the drategy of economic development convincingly demondrated
that socia overhead capital is a necessary but not sufficient condition for economic
development. A mgor chalenge of public policy is to address the baance between
directly productive inputs and socia overhead capitd, where an optima dlocation of
both types of factor inputs can be based on conventiona cogt-minimizing principles.
Unbaanced growth may then be the result of a lack of fine tuning between directly
productive capital and socid overhead capital. In Hirschman's view socid overhead
capitd has a raher broad meaning; it is usudly public cgpitd which is normaly
characterized by lumpiness and indivisibility and does not necessarily have an directly
productive character (in contrast to labour or capitd). It may be either materid in
nature (roads, railways, (air)ports, pipelines etc.) or immateria (knowledge networks,
communication, educetion, culture etc.), but its relevance is high. The firgd dass is
cdled here infrastructure, the second one suprastructure (see Nijkamp 1986, and
Lakshmanan 1989).

An avdanche of sudies has subsequently been conducted in this fidd. Rostow
(1960) has argued tha trangport infrastructure is of decisive importance for economic
development, witness the impact of railroads on economic growth in many US states.
In regiond deveopment theory the man emphass has been placed in the past
decades on the physcd (or materid) components of public capitd, i.e, on
infragtructure.  The focus has often been on the removd of bottlenecks in the
development of a region in order to improve its accessibility (e.g., the congtruction of
a bridge, tunnd or rallway connection) (see eg., Mera 1973, and Bruingma et 4d.
1996). Later on, atention was dso devoted to the ingrumenta role of infrastructure in



removing dructurd interregiond inequality conditions (see eg., Blum 1982, Nijkamp
1986, and Biehl 1995). And more recently, this equity argument has been extended
towards a broader anadlyss of interregional competitiveness conditions, in particular
with a view to the acquistion of foreign direct investments (see eg., Conrad and Seitz
1997, Van Geenhuizen and Nijkamp 1998, and Nijkamp 1993). In recent years, aso
the relationship between infrastructure and suprastructure (in particular,
innovetiveness and knowledge use) has intendvely been sudied (see dso Capello
1996). Suarez-Villa (1996) has argued that in the US some convergence can be found
between the long-term upswings and downturns of both infrastructurd investment and
innovative capacity, while he was dso ale to reved a remakable associaion
between educationa infrastructure development and (both aggregate and corporate)
innovetive capacity. Apparently, the growth potential of an area is influenced by both
infrastructure and supragtructure capital of a public nature.

Empiricd evidence on the pogdtive correlaion between infradructure and
suprastructure supply and economic development is not dways conclusive, adthough
they seem to be rather convincing a a macro level (see World Bank 1994). Various
surveys can be found in Rietveld (1989), GarciaMila and McGuire (1992), Munnell
(1992), Johansson (1993), Nijkamp and Blaas (1995), Bergman and Daoshan Sun
(1996), Binder and Smith (1996), Gillen (1996), and Tdley (1996). An attempt at a
systematic cross-sectional comparative study of such impacts based on meta-analysis
is found in Button and Rietveld (1998), while a broad overview and various empirical
case dudies can be found in a recent study of Rietveld and Bruinsma (1998), who
ummarize vaious dudies.

The quegtion is now whether a limitation of infrastructure concepts to physca
objects offers a dgnificantly broad framework for andyzing regiond impects of
public investments, in paticular as there is increesngly the need for regiond
sugtainable development. This will be the subject of this paper. We will dart with a
citigue of traditiona impact assessment of conventiond physica  infrastructure

capital.

2. Ambiguities in Impact Assessment of Public Capital

In a recent comprehensive survey paper of Nijkamp (1998) various cavests have
been mentioned in the Sudy of effects of infresructure invesments. They will
concisely be summarized here as a lig of causes for inconclusve datidtica results in
vaious empiricd sudies.
¢ déefinition of public capital

An agpplicable and unambiguous definition of infrastructure and Suprastructure —
interpreted as a possibly productive contributor to regiond growth — is not easy. Both
caegories comprise a diverse portfolio of condituents ranging from roads to
telecommunication systems or from sewage sysems to busness information centres.
Dozens of indicators can be envisaged which may be assumed to play a role in
enhancing the growth (potentid) of an area, but therr precise measurement — even in
finandd terms — turns out to be full of hurdles An aggregate denominator is difficult
to find, and even a financid andyss is problematic in the light of the long planning
horizons of different types of infrastructure and suprastructure.
* measurement of output

Clearly, the assessment of the output or performance of public capital
expenditures is not smple ether. Severa authors argue that GDP per capita is a
proper output indicator, while others (see Aschauer 1989, and Mullen et a. 1996)
argue that productivity growth is a good messuring rod. The productivity argument



cams that a cost-benefit gpproach may lead to overestimated nationd benefits, as the
outcomes are drongly influenced by trave time savings of households, a phenomenon
which does not have directly messurable economic implications for GDP. On the
other hand, the generative effects are often underrepresented in a codt-benefit
agpproach. And therefore, again others argue that the business response in terms of
locationd choice with a view to new invesments or new jobs is the mog suitable
indicator. Which indicator is the most preferable one depends patly on the
availability of data (which are in most cases ingppropriate anyway) and on the goa of
the policy study concerned (e.g., the remova of bottlenecks, the reduction in spatid
welfare differences, or the enhancement of the competitiveness of the areq).
. geographical scale

It is evident that the geographicd scde of the impact andyss of socid overhead
capitd is of critical importance. This scale gppears to range from nationa to local
gudies in empiricd research. Examples of macro studies are Kessides (1996) and
World Bank (1994) while studies on loca impacts can be found inter alia in
Bruinsma et d. (1996) and Seitz (1995). In generd, it is clear that the smdler the
geographicd  scde, the higher the expected consequence of socia overhead
expenditures due to the absence of gpatial subdtitution effects (eg., as a result of
business rdocation in the same areg). Thus, the identification of the rdlevant region is
a difficult task, not only because of a frequent different spatid coverage of input and
output indicators, but aso because of different adminidrative subdivisons (eg., in
terms of infrastructure condruction and labour markets).

time horizon

Next, the time horizon of the impact assessment of infrastructure or suprastructure

expenditures is another important source of concern. Surprisngly, most impact
sudies are gatic in nature, and hence suppose that the economic effects materidize in
the same period as the invesments are made. This approach very much contrasts
empirica facts, where often a long time horizon is needed before public expenditures
lead to measurable achievements in a region or city. In an assessment study on
regiona impacts of expenditures of the European Regiond Development Fund by
Nijkamp (1995), it was shown by means of a time-varying sendtivity anayss that the
edimated order of magnitude of the impact parameters - and even their datitica
sgnificance - was highly dependent on the lag structure in the impact moddl.

typology of effects

The edimated success of public investments is largely determined by the various

effects under congderation (Rietveld and Bruinsma 1998). In generd, three mgor
types of effects on the regiond or urban economy can be distinguished:

- direct construction and building effects associated with the public
expenditures at hand; these effects are usudly of a short-term nature and
accrue mainly to the building and condruction sector, ether indde the region
or outsde (dependent on the location of the building firms).

- indirect economic efficiency effects (redidributive effects) associated with
the reative price advantages of firms located in a region where the socid
overhead capitd is redized (eg, as a result of a better geographica
accessbility or an improved access to educational or research facilities). Such
price effects lead to an enhancement of the competitive postion of regiond
firms through the gains of trade. The basc argument is that the improvement
of accesshility leads to a reduction in transportation cods for firms and
households. This may give rise to subgantid redigribution effects among
economic groups and aso among regions.



. generative effects asociated with the birth or rdocation of new firms
atracted to the region & hand because of its improved competitive postion.
These firms may locate in the region as intermediate actors serving the stock
of exiging firms (through forward and backward linkages) or as new
opportunity seekers in a successful busness environment (the Slicon Vdley
phenomenon) (see also Martin and Roberts 1995).
o network dructure

The importance and output of socid overhead investments are co-determined by
the network configuration in which the region or the capitd good a hand is involved.
The dloceationad efficiency and the didributive gains of interregiond trade are
dependent on the connectivity dructure (and thus on the degree of openness) of the
network concerned (see dso Capineri and Rietveld 1997). This applies to both
materiad and immaterid networks (see ds0 Beckmann € a. 1998). In addition, the
provison of an extensgve network may make indudries more footloose. Open access
networks may be favourable for regions with a strong economic performance, so that
an improvement of the connectivity patterns of these regions may reinforce ther
competitive podgtion. On the other hand, improvement of dmost missng links with
isolated regions may suddenly expose such regions to uncommon competitive forces
from abroad and even deteriorate their wesk economy.

* initial postion and future perspective

The effects of public cepitd expenditures are decisvely contingent on two critica
conditions, viz. the initid gStuation and the future contextud factors.

The initid gStuation refers to two factors, viz. (i) the overal economic condition
in the region: an area with a feeble and backward economic structure will face greater
difficulties in regping the fruits of public expenditures than an area with an aready
flourishing economy, and (ii) the overdl infrastructura and suprastructurd condition:
an area with severe gructurd bottlenecks for a promisng economic growth will find
it much easer to accelerae its growth pace after proper overhead capitd investments
than an area with a properly functioning infrastructure and suprastructure (the
phenomenon of decreasng margina productivity).

The future contextual factors refer to the embeddedness of socid overhead
invesments in the future economic Stuation which is characterized by intrindc long-
range uncertainties. In this framework, the use of scenario andyss has become very
popular in the assessment of possble development peths of a region in association
with the provison of infrastructure and suprastructure (see for an extendve andyss
and case study aso Nijkamp et al. 1998).

. theuser perspective

In recent years - especidly in the European context — the restructuring potentia  of
infrastructure (networks) has become an increasingly important issue, both
analytically and politically. Industrial restructuring and spatial dynamics are
contingent on spatiad networks in a mobile society. Spatia-economic connectivity and
changes in indudrid organization have far reaching consequences for the competitive
profile and pogtion of dl regions in a network economy. In particular, geographicaly
isolated regions have expressed a concern that they may find themselves positioned
outdde current mangream indudria developments. The indudtrid-economic sysems
of our world are indeed rapidly changing, at al geographicd levels. It is a the end the
user of networks who will decide on the socio-economic benefits of such network.
And the industry plays a mgor role there. The traditiona large-scale production plant
is gradudly losing its rdevance. In a podt-fordist economy we observe much more
emphass on flexible entrepreneurid behaviour based on lean production. Modem



indudrid production is characterized by both specidization and globdization, in
which the modern component industry and industrid assembly play an important role.
Flexible production in a globaizing economy means that the naiond identity of
products as ‘nationd flagships is disgppearing. Globa dliances and partnerships
generate some sort of a ‘glocalization’ feature of home-based production.

private-public partnerships

The ownership conditions, the governance competence and the exploitation
conditions of various types of socid overhead capita have recently gained much
atention. We have seen privatization trends in the public utility sector (eg.,
eectricity), the public transport sector (eg., buses, railways) or the cultura sector
(eg., musaums), while dso for new types of infragtructure entirdly privately financed
network links have been designed and built (eg., the Channd Tunnel). Much debate
has centered around the question of the economic-financid dedrability and feashility
of private financing or — more appropriately — of private-public cooperation in the
supply of public goods. Since the beginning of this century network supply has often
been a public government responsbility, but in recent years — after the recognition of
market falures and government falures - we observe an increasngly commercid
atitude towards network supply. This means that the organization of the supply sde
of networks will likdy change dradicdly with more emphass on commercid
exploitation. This means once more that physicdly isolated areas (eg., idands) which
have rddively higher codts for their volumes of trangport may face more problems in
the future. Networks are a the same time vehicles through which nations (or regions)
can influence (pat of) the internationd (or interregiona) competition. Monopolistic
and oligopoligic structures in space are the result. The socio-economic benefits of
coordination and harmonization are, however, often neglected in favour of emphass
on narow nationdigic or regiondidic interests. Clearly, the fundamenta postion of
the government as an initiator, facilitator or risk-bearing entrepreneur is a stake here,
even though the arguments are more indigated by public deficit conditions (including
for many EU countries even nowadays the entry conditions for the EMU). Less
dtention has been given to the regiond financing conditions of infrastructure,
epecidly in a federd dructure where fiscd federdism adso assgns an important
position to the regions.
& acomplex portfolio

Public capital is a complex portfolio of various public goods which may show up
in different mixes in different regions. The overd| effect of this portfolio depends on
the synergy within this package of public service provisons. Any improvement in one
component of this portfolio has of course a potentidly beneficid impact on the
region, but its red long-lasting effect depends aso on the emergence of a sequentid
bottleneck in the development process of regions. Thus, it is necessary to identify the
order of importance of the successve growth barriers, as is advocated in the
potentidity factor gpproach. As a result, an improvement in public capitd may in an
absolute sense be favourable for a region, but perhaps in terms of market share (in a
relative sensg) be disadvantageous. Especidly in a competitive multiregiond  setting
this is an important cavest.

3. A New Pergpective

In recent years the discusson on the feashility and dedrability of infrastructure
policy has recaived in many countries a new focus. There is a growing awareness that
physcd infrastructure is by far not a sufficient condition for a competitive edge of
regions. The productivity gains of public cgpitd may be dgnificantly enhanced if



there is a proper balance with suprastructure. But even the combination of
infrastructure and supradtructure is dill far from a sufficient condition for economic
development. We observe increasingly that prosperous regions place more and more
emphasis on ther qudity of life as a mgor attraction force for advanced business
activities and high-skilled labour (the so-called ecostructure). The proper blend of
infrastructure, suprastructure and ecostructure then serves to offer an appropriate
contribution to regional efficiency objectives, employment objectives and
environmental condderations. This would aso postion public capitd provison in the
center of the sustainability debate.

This can be illugrated by a recent Dutch policy trend. An important discusson
in the Netherlands aims to answer the question how the scarce space can be structured
in such a way that a good economic competitive podtion can be mantained and
developed. Because of the gradually decreasing importance and influence of classca
economic insruments to maintain or to drengthen the competitive podtion of the
Netherlands in an internationd context (like foreign exchange, budget and monetary
policies); infradtructure is one of the few remaning policy fidds to influence the
nation's podtion in a compstitive environment. However, economic targets are not
the only aspects to which policy-makers pay dtention in recent years. This
observation, fed by various developments in the wide socid and economic context,
leads to the recognition that infragtructure is not a datic term, but responds to new
conditions for proper economic growth (recently often expressed as sudtainable
devdopment). This paper will describe the role and meaning of infrastructure
nowadays and in redion to sustainable development. First, the term infrastructure
will be given a new meaning based on current trends and literature research. Next the
contribution of various (Dutch) invesments to a sudanable development is shown.
This al leads to a contemporary and operationd description of the term infrastructure.
We will demongrate in our andyss that an infrastructure portfolio is a suitable tool
for the andyds to fulfil susainable policy objectives.

Various economic and technologic developments have resulted in an
increasing emphads in our economy on the production and supply of high-vaued
products and services. Growth in the Sze of the economy and growing competition,
which inter alia becomes clear from the shift of a large part of our production to low-
wage countries, form partly the cause of this tendency. This dso appears from the
way in which companies organise and co-operate. More often, networks of different
companies arise to respond to rapid changes outsde the company. Another cause is
related to rapid technologicd developments, like those in the ICT, mobile phoning
and the digita network. This shift towards high-qudity services and products has led
to the increasng importance of knowledge in our economic process. Clearly, R&D
plays a pivotd role in competitiveness. The result of this is that infrastructure should
have to be devedoped or mantaned in order to facilitate and dimulate these
devdopments. At the same time this is of importance in maintaining and/or cregting a
well-developed climate for domestic and foreign companies to seitle. By the way, a
good climate to locate means not only the supply of proper infrastructure, but adso the
availability of other rdevant aspects, like exising knowledge and, more recently,
qudity of the environment. So infragtructure has a multidimensona effect. It serves
in a macro-economic way to facilitate a productive ratio of production factors (see
Aschauer, 1989). Next to this it serves spatid economic objectives by simulating the
atractiveness of regions and cities (see for an overview, Nijkamp, 2000), in which
aso ecologica and socid factors play a role.



The importance of a good climate for business location- together with infrastructure
— ismogt obvious in the development of large cities. At present, a lot of companies
move to the ring of the city, because city-centres (as engines behind economic
activities) lost a great ded of ther attractiveness. Causes related to this development
are, for example, weak accesshility and lack of acceptable housing. Because of this,
and the increasing distance between weak groups and the rest of the society, more and
more socid frictions in large cities will arise. Two tasks seem to show up here for the
government. Frgt, making the inner cities again attractive for companies to sdtle in
order to create employment and production, and second coping with socid

difficulties, for example, by dimulaing initiatives of locd entrepeneurship to creete
aso employment for the less skilled people.

Another, more recent, development is the concern that the growth of economic
activities puts a lot of pressure on the environment. This environmental pressure can
assume different forms. Especidly in larger cities there is a greast pressure on the
avalability of space, which limits a hedthy economic deveopment. Ancther
observation to be made is the reatively large annoyance of noise and smel in cities.
This again affects the atractiveness (as working and living area) of cities in a negative
way. There are of course dso other negeive environmentd developments in many
countries, like increesing soil contamination, which led to the growing attention for
the policy aim to reach an “absolute decoupling” of economic growth and
environmental  pressure. The various key forces of economic, social and
environmental nature are mapped out in Figure 1.
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Figure 1: The general overview of three systems and their indicators

The combination of these economic, technological, socid and ecologicd trends, and
the problems and possbilities of these, have gradudly caused a shift of thinking
towards a sustainable development of our society. The question, which arises here, is
how infrastructure can contribute to this am. After a conceptua approach of
infrastructure, the various results of an empiricad study to the effects and impacts of
infrastructure projects will be outlined. Furthermore, some lessons will be drawn with
regard to future infragtructure policy. We will start an andyss with a clear description



of the concept of infrasiructure. Various developments have indeed resulted in the fact
that the conventiona ideas about infrastructure are not anymore in accordance with
recent economic and socid phenomena. An enlargement of the meaning of the term
infragtructure is thus clearly necessary. In addition to this, the term sudtainable
development will be described with regard to current policies and the role of
infrastructure.

4, A New Description of Infrastructure

An agpplicdble and modern infrastructure concept will not only have to take into
account the just mentioned developments, it aso has to correspond to existing policy
ideas of infrastructure. Next to, of course, the traditiona transport infrastructure, the
Mc Graw-Hill Dictionary of Modern Economics definition of infrastructure mentions
dements like energy supply, communication sysems and an aggregated leve of
education and knowledge (The Mc Graw-Hill Dictionary of Modem Economics,
1983). It appears that dso more immaterid and other forms of infrastructure belong to
this term.

Clearly, many of the above mentioned dements of infrastructure have to be
confronted with essentid characteristics of infrastructure, which have been usad in
definitions and descriptions in the literature. Biehl uses in a fundamentd dudy a
production function in which, next to labour and capita, also infrastructure is seen as
a production factor (Biehl, 1985). This fact shows the productive character of
infradtructure. In order not to extend the meaning of infrastructure too wide (thus
becoming without any meaning and content), it is sendble to qudify infrastructure as
directly productive. Indirect productive dements as, for example, education are in this
way exduded from the ddfinition. Ther productivity will only be influenced in the
long term via the factor labour. In addition to this the description of the Dutch Socid
Economic Council (SER) can be mentioned which emphasises the red edtate pat of
infragtructure  (SER, 1987). This means tha infragtructure is not only directly
productive, but it dso is a capitd good or has an immovable nature. So, infrastructure
has not only a productive character but aso the characterigtic of a stock.

 Features of infrasiructiure

Essential features !

1. Facilitating: increasing the efficiency of Environment as production factor is of more !
production factors importance

2. Capital good: stock magnitude Increasing importance of capital

3. Public or semi-public; no rivalry and More and more private and public-private
excludability of users partnerships in financing

Excludability measures more and more
implemented, like road pricing

Optional features

1. Network: composed of interconnected parts Transition towards a network economy
which are less meaningful on their own

2. Non —substitutability: high costs to substitute R& D-efforts are also made in private companies '
infrastructure with a private production factor

3. Tiedtothelocation: infrastructureis hard to Knowledge is not tied to the location
move

4 Polvvalence: input for alarge number of Infrastructure is more and more a portfolio of
production processes offered services _

Table I: Essential and optional features of infrastructure with related developments

Furthermore, infragtructure is provided in a (semi) public way because of the large
invesment cods, non-divishility and non-excludability. These three characteristics




return in dmost every description or definition of infrastructure and are thus essentia
on the devdopment of a new interpretation. Indeed, other characteristics are
mentioned as wdl in literature, but these are more category-dependent and thus to
qudify as optiond characicristics (see Table 1). This andyss of characteristics and
new developments based on Table 1, has findly led us to formulate a new and modem
decription of infragtructure:

Infrastructure  encloses those red edate provisons, which increases the
efficiency of the use of production factors and meet the following requirements.
infragtructure is directly productive, is characterised by stock festures (capital good)
and it has the character of a (semi-) public good.

When we test the many mentioned elements on the three essentid features of
infragtructure, it gppears that three categories of infrastructure can be digtinguished
(see ds0 Figure 2). The fird category is the physcd network infrastructure, which
encloses dements like transport infragtructure and public utilities, water management
and indudrid dtes Second, the immaterid knowledge infrastructure can be
diginguished, which encloses dements like research a universtiess R&D and ICT.
The last caegory is the nature and environmentd infradructure, which is of
increasing importance as a factor for companies to settle somewhere (for example, the
Dutch province of Utrecht). This new definition corresponds in a better way to present
socid and economic discussions.

Figure 2: The three categories of infrastructure

5. Sustainable Development as a Policy Challenge

The above-presented trends show that the development of economic potentia
only is not dedrable. Developments and problems in other areas than in economics
have gradualy led to the notion that a broader basis has to be used in making policy
decisons. The term sustainable development forms the heart of these thoughts . In our
attempt to give this teem some subgtantive contents, the Brundtland report is hdpful
(World Commisson on Environment and Development, 1987). From this report it
becomes clear that attention should be paid to future generations and the possbilities
to fulfil their needs. However, this description is very abstract and not very practica
and gpplicable. A more detalled study into the term is necessary to give us more
conclusve evidence about this aspect. As wel as in policy documents as in the
literature three different sysems are mentioned which form the heat of the term



sudstainable development. These three are the economic system, the socia system and
the ecological system (see for example CPB (1998) and Serageldin and Steer (1994)).
The remark has to be made that a podtive contribution to dl those three systems is
necessty to spesk about a sustaindble development. The measurement of the
development of these systems can be done on the bass of reevant, measurable
indicators. These can be sdected for each system in order to study the effects in more
detall. In this way a dear vison of the levd of sustainability is obtained.

These three systems form not only important aspects for sustainable
development. These components can aso be recognised as potential inputs for proper
economic growth. Factors like qudity of life and the environment are recently often
mentioned to be potentid inputs for production (see Kowaski and Schaffer, 1999).

Different gandards can be used to qudify such a development. Firs, we
mention the dready earlier named term of absolute decoupling, which means the am
to obtain a growing economy while the environmental pressure is being reduced (see
Table 2). Strong sudanability, by which dl the three sysems show a pogtive
development with regard to sugtainability, is a second standard. In making a more
dynamic gpproach possble, one can use other standards which take a less postive
devdlopment into account (relative decoupling, decoupling and wesk sugtainability)
(Opschoor, 1987). Rdative decoupling may mean an increase in  environmentd
pressure, which is less than proportiond to economic growth. Wesk sugtainability
dands for a negative development within one of the three sysems, but which is more
than compensated by postive developments within the other two systems.

Economic growth Changein environmental pressure (AEP)
Coupling 1% AEP21%
Absolute  decoupling 1% AEP <0
Relative decoupling 1% 0<AEP<1

Table 2: Absolute and relative decoupling, illustrated, based on | % economic growth

Now that we have standards which can be used to qudify a sustainable development,
something has to be said about the fina judgement of various cases. For each system
various indicators can be identified, as can be seen in Figure 1.

“Bysterm:

Economic system
e Growth GNP + + +
o Income per capita +
o Employment |
L]

Social system

e Income distribution - +

¢ Labour paticipation - -

e Liveahility - +
[ ]

Eie.

Ecological system

¢  Emissions ++

o Use of space + +
o  Landscape/nature - +

Etc.

Table 3: Example of the judgement of a case
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Important is to keep in mind that these indicators can be different depending on cases,
athough aso an approach of a standard package of indicators is possble. Here we
used the former approach in using indicators depending on the cases. Furthermore, we
made a digtinction between different effects. Three kind of aspects arc distinguished;
effects caused by construction, first order and second order effects. First order effects
ae mos of the time direct effects, while second order effects have an indirect
character. Because of the temporary character of condruction effects, these are
neglected in our evauation. Other aspects, which have to be taken into account with
this judgement, are spatial scae, sSze of the project and the approach (datic or
dynamic). Table 3 gives an example of the judgement of a case. Applying our
sandards here, one can peak of weak sustainability and absolute decoupling.

The foregoing can be clustered into one system, the so-caled expert system
(see Figure 3). This sysem can be used as a decison support plan concerning
investments in infrastructure and their contribution to a sudainable development. It
can be seen as an overview of different steps to make a clear judgement of concrete
cae dudies possble. The expet sysem will help locd and regiona governments in
deciding whether infrastructure projects are to be carried out or not.

Infrastructurs?

f‘iéure 3: The expert system

6. Empirical Results
It is interesting to test the above-mentioned framework on its empirical merits.

For this purpose, next to (socia)economic aspects also ecological aspects have to be
taken into congderation. A compadive case-study agpproach is chosen. Various
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Dutch cases of different szes and with various policy gods are consdered in more
detail.

The am of this empiricd study was two-9ded; on the one hand to show which
investments contribute to a sustainable development and on the other hand to test the
applicability of the new description of infrastructure. The purpose was to include as
many different projects as possble (so-caled contrast projects) to make the
framework for testing as wide as possble. Not only the sze of the projects was
important, o the nature of the cases, in the light of the earlier used description.

The case-sudies were investigated by means of an andyss of background
reports and interviews with stakeholders. The results are presented in a summarised
way in Table 4. This table shows that only one project does not belong to our
description of infrastructure. Our description is indeed stretched out, but not in a way
that it contains every investment. This appears to be sufficiently discriminating. For
most of the cases one can spesk about wesk sustainability and relative decoupling.
Only five cases show a positive development seen from the perspective of
sugtainability (strong sustainability and absolute decoupling). Two of those four are
knowledge infrastructure projects, which can be explained because of the minima use
of space and limited impact on the environment. Another concluson, which becomes
not directly clear from the table, is the fact that a lot of the projects mentioned here is
based on a public-private partnership (PPP) congruction. This congtruction can
gpparently often contribute to a sustainable development. These kind of projects are
often from, an economic perspective, interesting for private firms, the government can
then pay more attention to socid and ecologica godls.

No + +

Physical network + + - Wesak Relative

Infrastructure

] Knowledge + + + Strong Absolute
;| infrastructure

Physical network + + + Strong Absolute

Infrastructure

Knowledge + + + Strong Absolute
Infrastructure

| Physical network + + + Strong Absolute

nfrastructure

Physical network + + . Weak Relative

Infrastructure

| Physical mawiork + + - Weak Relative
| Infrastetage

1 Physical network _— + + Strong Absolute

Infrastructure

Table 4: Results of the empirical study of infrastructure projects
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This andyds produces some interesting recommendations for investment policies
regarding infragructure and spatid planning, which are not necessarily limited to the
Netherlands. Investments in  knowledge infrastructure and <imulation of PPS-
congructions  could become important locd points in future policy aiming at
achieving a sugtainable development.

7 Concluding Remarks

From the foregoing it becomes clear tha infrastructure is a comprehensive and
dynamic term. Recent ideas and various trends showed that the traditionad concept of
infrastructure is subject to change. This made a rethinking of the meaning of
infrastructure necessary. The new description, as presented above, was supposed to
take these new circumgtances into account and to fit within present-day policy.
Another requirement was the correspondence with recent discussons in the
Netherlands, in which the strengthening of economic dructure is important. These
agoects are dl taken into account with the development of a new description of
infrastructure through which findly a contemporary and applicable description has
arisen.

At the same time, this description forms an excdlent starting point to approach
investments in infrastructure as portfolios. A portfolio is here a collection of different
invesment options, which are mutudly integrated and contribute to different policy-
gods by their pogtive synergy. This portfolio-approach is based on different parts,
which form together the whole project. An advantage of this approach is the
flexibility within the invesment portfolios (Geerlings e d., 1998). Because not every
Sseparate part has to contribute to the same extent to the previoudy formulated
objectives, there are posshilities for compensation. Criteria and risk are examples of
these possibilities to compensate within the portfolio-gpproach. Criteria compensation
means, for example, that one pat of an invetment which may improve economic
performance, while it neglects environmental objectives, is compensated by another
part, which reduces the negative impact on the ecologicd sysem. In the end it is
important that the whole project contributes to the specified policy objectives (for
example, sustainable development). This gpproach can aso lead to synergy, clustering
and cohesion. These advantages gppeared aso from the empirica anayss.

Findly, a diginction can dso be made between a portfolio of investments and
a portfolio of supplementary measures. The difference between both is that in the firg
case each project can condst of more invesments in infrastructure, while in the latter
cae only one invesment in infrastructure is undertaken. This one investment can be
extended by a package of supplementary measures to decrease negative effects of the
invetment and generate pogdtive effects within the three systems (concerning
sugtainability). From many projects it appears that there are possbilities to carry out
more than one investment in infrastructure within one project. A big advantage of
such an gpproach arises in judging whether projects are to be carried out or not. When
we evauate projects on the bads of sustainable development, which is an important
theme in current Dutch policy, it becomes clear that a portfolio approach is more able
to eadly redise an integrated sustainable development. This dso becomes clear from
Figure 4. This figure shows posshilities to adjust invesments in infrasiructure to
obtain a sustainable development.
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Figure 4: Adjustment possibilities policy with regard to investments in infrastructure

So, investments in infrastructure have to be consdered as a portfolio, certainly
from the viewpoint of a judgement on the bads of various (socid)economic and
ecological objectives, where not only economic criteria are important. It will be
obvious that, in the light of the proposed portfolio-approach, the wider description of
infragtructure  offers  improved posshilities to reach a susainable development
compared to the conventiond ideas. PPS-projects and investments in the knowledge
infrastructure, as good examples of the case sudies, can play a podtive role here. This
provides a more integrated agpproach, which can play an important role in the
decison-making process about infrastructure projects. So there are many possbilities
for loca and regiona governments to contribute to a sustainable society and to an
absolute decoupling between economic growth and environmental pressure with the
help of invesments in infrastructure.
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