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Abstract

This licentiate thesis is about the provision of transport infrastructure and the
regional impacts of such provision. Three different techniques have been investigated
that can be used for the assessment and forecasting of the effects of infrastructure:
transport demand models and parametric and non-parametric econometric estimation
techniques. The main interest is focused around the regional effects of the Öresund
fixed link, which was opened on July 1, 2000.

The thesis is a collection of three papers plus a general introduction: papers 1 and 2

are concerned with the effect of accessibility in the transport networks on productivity
on an individual firm level. In paper 1, a translog cost function, extended with an ac-
cessibility variable, is estimated for 24 business aggregates using panel data techniques
and tests on a dataset covering single workplaces in Scania over the years 1990–98. The
results are not conclusive, and cannot be used for forecasting of the after-situation. In
paper 2, a non-parametric method, propensity score matching, is applied on the same
dataset to test if productivity differs in high accessibiliby areas compared to those with
low accessibility, while controlling for other differences between firms. The result here
is the same as in the first paper: for no business there is a significant difference in pro-
ductivity that can be related to accessibility. In paper 3, a framework for the external
validation of models of transport, landuse and environment is developed, with a focus
on transport forecast models. The scenario assumptions and forecast results of earlier
models are presented and compared. A before-and-after database under construction
for the Öresund region is also presented, to be used for validation of such models.

Key words: infrastructure assessment, validation, Öresund, transport demand mod-
els, regional consequences.



Sammanfattning

Denna licentiatavhandling handlar om utbyggnaden av infrastruktur och den regio-
nala inverkan av sådan utbyggnad. Tre olika tekniker som kan användas för utvärdering
och prognoser av infrastrukturens effekter har undersökts: transportefterfrågemodel-
ler, samt parametriska och icke-parametriska ekonometriska skattningstekniker. Det
huvudsakliga intresset är inriktat på de regionala effekterna av den fasta förbindelsen
över Öresund, som öppnades den 1 juli 2000.

Avhandlingen är en sammanläggning av tre artiklar samt en allmän inledning:
artikel 1 och 2 handlar om effekterna av tillgängligheten i transportnätverken på pro-
duktiviteten i enskilda företag. I artikel 1 skattas en kostnadsfunktion med en s.k.
translog-specifikation, som utökats med en tillgänglighetsvariabel, för 24 branschag-
gregat med hjälp av paneldatatekniker och -tester. Datamaterialet består av enskilda
arbetsställen i Skåne åren 1990–98. Resultaten visar att det inte går att dra några
slutsatser om situationen efter det att den fasta förbindelsen tagits i bruk. I artikel

2 används en icke-parametrisk metod, propensity score matching eller ”matchning av
behandlingssannolikheter”, på samma datamaterial för att testa om produktiviteten
i lägen med hög tillgänglighet skiljer sig från den i lägen med låg tillgänglighet när
man kontrollerar för andra skillnader mellan företagen. Resultatet är detsamma som
i den föregående studien: det finns ingen signifikant skillnad i produktivitet som kan
relateras till tillgängligheten. I artikel 3 utvecklas ett ramverk för extern validering av
modeller för transport, markanvändning och miljö, med tyngdpunkten på transportmo-
deller. Tidigare modellers prognosförutsättningar och resultat presenteras och jämförs.
En före-och-efter-databas för Öresundsregionen presenteras, som är under uppbyggnad
och är tänkt att kunna användas för validering av sådana modeller.

Key words: utvärdering av infrastruktur, validering, Öresund, transportefterfråge-
modeller, regionala effekter.



Preface
This thesis was produced within the project “Regional development consequences
of the Öresund bridge”, which was set out by Professor Folke Snickars at the De-
partment of Infrastructure and Planning, KTH, in 1999 and received financing
from the Communications Research Board (KFB)1, the Swedish National Road
Administration (Vägverket) and the Swedish National Rail Administration (Ban-
verket). The project aimed at making before- and after-analyses of the situa-
tion in the Öresund region in view of the opening of the bridge and tunnel that
would connect Malmö and Copenhagen with each other in 2000. The project
is unique in the sense that it started before, so it was actually possible to col-
lect data from the before-situation. The research focus was early defined to be
long term panel data analysis (e.g., through household and business surveys, and
interviews with decision-makers), cross-border studies, before-and-after-analyses,
regional economic modelling, and Swedish-Danish co-operation. Results of the
project have been presented in a number of conferences of the European Regional
Science Association (Zagreb 2001, Dortmund 2002, Jyväskylä 2003), as well as in
two reports published at KTH (Kaag Andersen and Karlström, 2001; Hårsman
and Wijkmark, 2003).The part of the project presented here deals with both panel
data analysis (econometric estimation of the link between accessibility and pro-
ductivity) and before-and-after studies (building a before-and-after database for
validation of models for transport, land-use and environment).

1KFB is now incorporated in VINNOVA.
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General introduction
1 Introduction
The aim of the project, in which the work with this thesis takes part, was initially
to start a long-term study of the Öresund fixed link. This link is one of the key links
in the Trans-European Network (TEN) (Vickerman, 1995): a major infrastructure
project in Europe, which together with for example the Channel tunnel between
England and France symbolises the integration of the new European Union. It
connects two adjacent major cities, and improves the accessibility of the whole
Scandinavian peninsula to the European core. In this context, it was desirable
to develop forecasts of the “effects” of this improvement in terms of economic
activity, integration of the labour market, price and wage convergence and regional
development.

For planners and decision-makers, the demand for forecasting models is high
before the decision is taken on such a great commitment. For researchers, who
provide the tools for forecasting, there is equally great interest after the decision
is made, and especially after the decision is implemented. It is not until then
that the model shows its true colours, and the researchers can look for measures
of improvement. Forecasting models are never in a “final version”, and with new
data sources and increased computer capacity, there is a constant development
in the field. But sometimes it is interesting–and important–to evaluate the
performance of old models. By necessity, because of the length of the planning
process, the models that are studied in this way are ten years old or more; a vast
time in connection with computer development.

But the antiquity of the forecasting models do not necessary mean that they
differ so much from those developed nowadays. At least in the case of transport and
land-use modelling, not much in the basic theory (maximisation of utility under a
random specification) has happened since the breakthrough in the mid-1970’s (for
an overview of the development, see the chapters by McNally, Bates, and Martínez
in Hensher and Button, 2000). What has really changed is the amount of data
that can be processed, and the level of detail that can be modelled; on the spatial
level and regarding socio-economic groups.

1.1 The Öresund region
The study area is Scania, the southernmost county in Sweden with about 1.1 mil-
lion inhabitants and a gross regional product (GRP) of € 26 billion (around 12 %
of the Swedish total). Scania is the Swedish part of the “new” region which has
been formed through the construction of the Øresund fixed link between Malmö,
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the third largest city in Sweden, and Copenhagen, the capital of Denmark. The
bridge between these two cities was opened on July 1, 2000. The region in to-
tal comprises some 3.5 million inhabitants and produces for € 94 billion or 26 %
of the total production of Sweden and Denmark together. As a comparison, the
Greater Stockholm Area has 1.8 million inhabitants and produces for € 62 billion
(all figures from the end of 2000)4.

2 Infrastructure
In classical economics, the three factors of production are land, capital, and labour,
where land includes natural resources and capital is taken in a broad sense. Capital
could be defined as “a stock of resources that may be employed in the production
of goods and services”5. Another definition, that stresses the fact that capital is a
good that is produced as any other good, only on a longer time-scale, is: “assets
available for use in the production of further assets”. Infrastructure capital refers
in a broad sense to “any physical means of production or means of protection
beyond that which can be gathered or found directly in nature”, i.e. beyond
natural capital and that which is not considered as “fluid capital” (money). It
may include tools, clothing, shelter, irrigation systems, dams, roads, boats, ports,
factories or any physical improvements made to nature6.

A maybe more operational definition is given by Youngson (1967). He defines
infrastructure as “not a set of things but a set of attributes”7: first, it is a capital
good for which the users do not pay market price, and which is perceived as a
source of external economies; and secondly, the provision of infrastructure leads
to a very high cost for the first user, but a neglectable cost for an extra user (see
also Rietveld, 1989; Lakshmanan, 1989).

Related to infrastructure services is the notion of a “public good”, which is
characterised by nonrivalness and nonexcludability (Varian, 1992). This means
that the use of it does not restrict other’s use of it (nonrivalness), and at the
same time it is difficult or impossible to prevent people from its consumption
(nonexcludability)8. There is always the possibility of substituting private capital

4Sources: the Ørestat database (Statistics Sweden and Statistics Denmark) and Statistics
Sweden. Purchasing power parities (PPP) according to Eurostat.

5Capital. Encyclopædia Britannica. Retrieved March 1, 2004, from Encyclopædia Britannica
Online. http://search.eb.com/eb/article?eu=20452

6Infrastructural capital. The Free Dictionary. Retrieved March 1, 2004, from The Free
Dictionary. http://encyclopedia.thefreedictionary.com/infrastructural%20capital

7Youngson uses the term “overhead capital”, i.e. such capital that serves everyone, but the
costs of which are not attributable to anyone specific; cf. also Hirschman (1958), who distin-
guishes between “social overhead capital” (SOC) and “directly productive activities” (DPA).

8Note that also in the case of tolled roads, they are only economically viable if there is a
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or labour for infrastructure, but the cost will increase with increasing publicness
of the resource (Biehl, 1991). Moreover, it is the combination of “capitalness” and
“publicness” that is the main characteristic of infrastructure. So, in order to offer
the transportation services of, say, a road, it is necessary to construct it in the
first place, i.e. creating the capital resource.

These characteristics of infrastructure or public capital normally lead to an
under-provision of infrastructure (compared to what is optimal on the system
level) because of a market failure, and this is the reason why a large part of in-
frastructure investments are provided by public means. Examples of infrastructure
with network properties are transportation networks, energy supply networks, wa-
ter supply and sewage systems; education and health facilities, and social, sporting
and cultural facilities.

The externalities, however, are both of a positive and negative kind, which
has become more and more evident during the last decades, at least as regards
infrastructure related to vehicle transport. Fossil fuel consumption, noise produc-
tion, encroachment and barrier effects, depletion of natural biotopes etc. are only
some of the adverse effects of the construction and use of roads, tunnels, bridges
and motorways. Also in the case of the Öresund bridge, a major concern before the
final decision was taken was its environmental impacts on air, water and wildlife
(especially fish and birds). Therefore, it is now increasingly important to assess
the impacts of infrastructure investments, both in terms of gains and losses.

3 Transport and the economy
In a 1999 report, the Standing Advisory Committee on Trunk Road Assessment
(SACTRA) elaborates the effects of transport improvements on the economy.
Transport improvements was defined as “any intervention” which reduces trans-
port costs or improves the quality of transport services–not only the construction
of new links.

The issue was divided into three parts: if there is a positive effect of transport
improvements on economic activity; if there exists a “decoupling” of growth in
traffic volumes from growth in in the economy; and if the economic impacts are
captured in cost benefit analysis.

The mechanisms by which transport improvements could, in theory, influence
economic activity include the reorganisation of production, distribution and land
use; enlargement of the labour catchment area; increases in output due to lower
costs; stimulation of inward investment; unlocking inaccessible sites for develop-
ment; and triggering self-reinforcing growth. All these mechanisms seem to be
monopoly granted from the government, and no obligation to provide access at all points in the
system (Biehl, 1991).

3
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relevant in the case of the Öresund bridge.
One of the main conclusions was that the outcome of a transport improvement

was dependent on whether the price of the service is higher or lower than the
marginal social cost (including marginal cost of taxes, subsidies and uncharged
external costs, and assuming that all costs are expressible in monetary terms, i.e.
also environmental impacts, time delays, accident costs, etc.). If the local prices are
high due to monopoly power, then a transport improvement, opening up the area
to external competition, could lead to additional benefits to the overall economy.
On the other hand, if transport prices are too low due to uncharged external costs
(congestion or environmental effects), then a transport improvement (according to
the definition above, facilitating transport) would lead to additional overall costs.

It is however evident that some of these mechanisms will not lead to a uniform
effect over the whole study area. The SACTRA report also states that some ben-
efits (e.g., increased employment, in the example with the local monopoly above)
might accrue to areas outside the “target area” (e.g., the distant competitors).
In our case, the situation of connecting Malmö with Copenhagen–two large re-
gional centres, up till now self-sustaining–will affect both centres radically when
the business activities reorganise, specialise and rationalise. At the same time, we
should not forget the relationship of the so-called hinterlands (Eastern Scania and
the area outside the Large Copenhagen area) to the new “twin city”. In order to
capture the overall effect of the Öresund bridge investment, we need to closely ex-
amine also the effects of the new competition from Copenhagen on Eastern Scania
(and from Malmö on the areas outside Copenhagen).

4 Modelling infrastructure effects
However convinced policy makers are of the benefits of infrastructure investments,
there has been a long academic discussion about what these positive effects really
are, and especially how to measure them.

In his survey of multi-regional economic models, Rietveld (1989) discusses some
approaches to modelling the effects of infrastructure on the regional economy.
Besides the short-run direct effects in the construction sector, and the short-run
indirect effects of intermediate deliveries, he categorises three long-run effects (one
positive and one restraining), on the national or global economic level, of large
infrastructure investments: multiplier effects, program or spin-off effects and the
crowding out of private investments.

Multiplier effects means that the infrastructure investment will induce more
private investments (to take advantage of the benefits of it). The crowding out-
effect, on the other hand, if it exists, leads to less overall private investment,
because of generally higher interest rates (the infrastructure investment consumes
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a considerable part of available capital or tax money). The program or spin-
off effects refer to the long-term changes in income, employment and investment
induced by the opportunities of the new piece of infrastructure. It is often this
dynamic effect that is attracting many a policy-maker, and it is maybe also the
effect that is most urgent to measure.

There are three kinds of models discussed in his paper, characterised by the
specific way that infrastructure can influence the economy: its influence on pro-
duction factors, on location factors, and on interregional trade. The first approach
is basically a regional production function with labour and public/private capital
as input factors. The estimation of the parameters in such a production function,
with for example a Cobb-Douglas or Leontief specification, provides, in principle,
the elasticities of the different input factors. It is also possible to detect regions
which are under- and overprovided with infrastructure, or equivalently, in which
regions there are bottlenecks.

The second approach is concerned with the attractiveness of the location (pos-
sibly as a result of infrastructure investment). Firms and production factors, other
than physical infrastructure, are regarded as mobile and tend to “agglomerate”,
driven by not only relative prices, but also by the proximity to factors like quali-
fied labour and suppliers, markets, recreation, international contacts, knowledge.
Economic driving forces also include economies of scale, sectorial structure, and
regional policies. Evidently, the key word here is accessibility–many activities
and contact opportunities accessible in a short time. The usual model specifica-
tion is the gravity model (or the linear programming model, at least in that era).
Another modelling approach is a regression of labour or total factor productivity
on production factors extended with an accessibility indicator. For example, in
Johansson (1993) and Forslund and Johansson (1995), a Cobb-Douglas production
function is employed, extended with variables describing the regional endowment
of physical (manmade) infrastructure: capacities of different transport services, ac-
cessibility to skilled labour, to international freight (harbours), the density of the
built environment etc.

A special case of this approach is the analysis of production potentials (Blum,
1982; Biehl, 1991), whereby infrastructure capital, along with location, agglomera-
tion and sectoral structure are regarded as the main determinants for the develop-
ment potential of a region. These are fixed immobile factor inputs, in contrast with
the mobile labour and private capital inputs. The fixed factors are measured in
physical units. A quasi-production function is then estimated on the cross-section
of regions, with or without the addition of mobile production factors, and the re-
gions can be ranked according to their degree of over- or under-utilisation of the
fixed production factors. The rate of change is also estimated: whether the over-
or under-utilisation is increasing decreasing or stays constant.
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The third modelling approach, interregional trade, tries to describe what hap-
pens between regions if the transport cost between certain nodes in the network
alter. Trade shares between nodes and sectors are modelled in a gravity or multino-
mial logit framework, with production and transport prices as arguments (an ex-
ample is Johansson and Westin, 1994).

In the work presented here, we use a combination of the first and second ap-
proaches: the first to the extent that we consider the production (firm perfor-
mance), but the second in that we use capital services in the form of accessibility
as a possible cost-reducing input to production. If there are productivity effects
from accessibility, they should also be possible to reproduce on the micro level.

In articles from the United States, the public capital approach is more common,
while in the European, and especially Swedish approach, the use of variables for
physical infrastructure capital and capacity is more common. This probably re-
flects different policy interests: in the U.S. the questions of productivity slowdown,
taxation and federalism are in focus, while in Europe, at least since the constitu-
tion of the European Union, regional balance, integration and convergence have
been more important (Blum, 1982; Biehl, 1991). In Sweden, regional balance in
the context of infrastructure investments has been important for a long time, be-
cause of the large distances and sparse population, with the urban concentrations
in the south and most of the natural resources in the north. See for example the
studies by Snickars and Granholm (1981), Wigren (1984), Andersson, Anderstig
and Hårsman (1990), Anderstig and Hårsman (1986), and Johansson, Anderstig
and Strömqvist (1991).

Despite this, many of the Swedish articles stem from the Mills-Carlino DYN
model, which tried to explain the population and employment differentials in the
U.S. (Mills and Carlino, 1989; Johansson et al., 1991; Johansson and Karlsson,
1994).

5 Productivity and public capital
The question of the productivity of public capital has of course implications for
policy decisions–where will investments in infrastructure give the highest total
return in the form of increased welfare? Is infrastructure provided in sufficient
amount? How should investments be distributed among regions to improve the
overall performance of the economy? And further, is it beneficial to raise more tax
in order to be able to build large physical structures for transport and communi-
cation?

But the issue is not only interesting from a policy perspective, it has also
more general theoretical connotations: infrastructure as a determinant in economic
growth.

6
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Of course, there are many difficult questions that arise when considering eco-
nomic growth which we must leave aside here. It is also a quite different story
when you estimate cost functions on the micro level, compared to when the mod-
els pertain to aggregate (national or state) growth. We could just mention that any
estimation of infrastructure effects will be dependent of the underlying assumptions
of the assumed model of economic growth. The most common economic growth
model is the neoclassical, due to Solow (1956), which it implies diminishing returns
to capital, which in turn leads to the catch-up of the followers and convergence of
all regions. But in recent years, Romer (1986) and Lucas Jr (1988) have presented
another theory, endogenous growth, according to which capital accumulation (also
in the form of human capital) can lead to perpetual growth differentials by con-
stant or increasing returns to capital (an application is given in Mankiw, Romer
and Weil, 1992).

5.1 Why measure productivity?
Productivity growth on the macro level is, according to the neoclassical school,
the one most important determinant for increased welfare and real wages for the
population. For example, labour productivity is related to gross production by

Q = POP · θ · τ · PRODL (K,G,X)
where Q is gross production, POP is population, θ is the participation rate of the
population in the work force, τ is the average number of hours worked per worker,
and PRODL is labour productivity Q/L, where L is hours worked. Productivity
is dependent of capital endowment, both private (K) and public (G), and other
factorsX (for example management, organisation, innovations, education, health).
Now, differentiating this equation yields the different components of growth of the
macroscopic production:

∆Q = ∆POP · θ · τ · PRODL + POP ·∆θ · τ · PRODL

+ POP · θ ·∆τ · PRODL + POP · θ · τ ·∆PRODL

We see that the production growth, besides the change in labour productivity,
is composed of terms related to population change, change in the participation in
the work force, and change in the average number of hours worked per worker.
The productivity differential of the last term is further divided into effects from
changes in capital and other factors:

∆PRODL = ∂PRODL

∂K ∆K + ∂PRODL

∂G ∆G+ ∂PRODL

∂X ∆X
In the micro world we have a somewhat different perspective on productivity:

we are not concerned here with changes in population, only with labour as a factor
7
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input. We do not care about supporting the population and future generations,
we only care about production and efficiency. We do not care so much about
the participation rate of the population, but rather about minimising the absence
from work of our staff. However, we might want to maximise the number of hours
worked per worker (τ ), which is a measure of factor utilisation. Also for the input
of capital, we would want to increase our returns to input.

Economic growth is commonly understood as growth of the “gross domestic
product” or GDP–the value of the total production within the confines of the
region studied. This growth on the macro level, however, must reflect some changes
in the micro levels as well, probably all the more brutal and catastrophical. In
order to describe these changes, Schumpeter (1950) hypothesises that the small
fluctuations of economic growth on the macro level reflects processes of “creation”
and “destruction” (of firms and different kinds of product and process innovations)
on the micro level. Furthermore, the evolutionary theory of economic change
(Nelson and Winter, 1982; Jovanovic, 1982) suggests a selection process where
efficient firms grow and survive, while inefficient decline and fail.

The main focus of the firm is thus efficiency, profitability, and survival, while
the aims of the state are more long-term. On the aggregate state or regional level,
account is taken for all residents, not just the profitable ones.

Therefore, we should not expect the same results when measuring productivity
on the firm or plant level as we do on the aggregate, state-wide or region-wide level.
In both cases, we approximate the production technology with a representative
firm, but in the micro level approach we leave out all the factors described above.
While changes in micro productivity is a prerequisite for changes in aggregate
productivity, the opposite is not true.

The inter-firm, intra-industry dynamics are also much more complicated than
what is possible to approximate with the representative firm approach. For exam-
ple, “factor reallocation” on the macro level is often represented by firms disap-
pearing or emerging. Another difference between micro and macro productivity
is that macro productivity is constituted by a weighted sum of the productivities
of micro units, according to their relative economic importance (size measured by
number of employees, output, turnover or the like). A productive firm with a large
business has a greater influence on macro productivity than a small one.

Some part of the macro growth thus emanates from more efficient production
processes andmanagerial ability within the firm, leading to growth within this firm.
Some part of the macro growth is explained by the failure and disappearance of
obsolete, inefficient activities. Therefore, the question that Aschauer brought up,
and the policies he promoted, are quite different from the ones we are investigating.
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5.2 Households
It is important also not to forget the benefits of infrastructure from the household
side. The polyvalence of transport infrastructure (Biehl, 1991) is also an input
in the ”household production” and makes shopping, visiting relatives, going on
vacation etc., more efficient. Reductions in transport time are not necessarily con-
verted to more productive time at work, but could according to the worker’s own
will be used for more leisure. The focus in this kind of studies on productivity
effects only captures one part of the benefit, which might not even be the major
one. Haughwout (2001) points out that the most important effect of infrastructure
investment is not the level but the location (and relocation) of economic activity,
which in a situation with spatial externalities might or might not lead to over-
all benefits. If density and agglomeration is good, then infrastructure projects in
peripheral areas, aiming at the improvement of the competitiveness of those ar-
eas, could deteriorate the existing agglomeration economies by making firms and
households decentralise, and thus offsetting the potential productivity benefits in-
duced by the new infrastucture. He therefore suggests that benefits should be
measured in a general equilibrium framework, with changes in land prices in addi-
tion to labour costs as determinants for a compensating variation welfare measure
(Rudd, 2000; Haughwout, 2002).

5.3 Measuring productivity
In the case of one output, which is the one considered here, productivity is mea-
sured as the ratio of this output volume to some function of the input volumes
(Good, Nadiri and Sickles, 1997). Productivity can thus be spelled “average out-
put per input”, and therefore has a component related to the scale of operations.
Maximum productivity is achieved when it is equal to marginal output (see the
two top rays from the origin in Figure 1). The two curved lines in the figure rep-
resent the two frontiers of the production technologies: the lower at time t and the
higher at t + 1. Consider a firm producing at point A. The productivity of this
firm would increase if input could be reduced whith the same amount of output (a
horizontalshift to the left). If on the other hand input is increased, the firm must
exhibit increasing returns to scale in order to increase productivity (an upwards
movement to the right, above the ray through A).

A change in productivity is composed by two terms: changes in technical effi-
ciency, which is the ratio of output to the maximum output with the same amount
of input (along the vertical line to the production frontier), and technical change,
which is the shift of the production frontier from t to t+1 (given the same amount
of input). Technical efficiency refers to the decision-making unit (DMU; firm or
the like) itself, while technical change is the overall, or industry-specific tecnolog-
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Figure 1: Illustration of productivity, efficiency and technical change.

ical or mangerial production improvements common to all DMUs. The DMU in
the graph is inefficient with regard to both technologies (its input and output has
not changed between the two points in time).

There are basically four methods of measuring productivity, two parametric
and two non-parametric (Coelli, Rao and Battese, 1998):

1. Least squares estimation of production, cost or profit functions (parametric;
a random specification assumes all firms are efficient);

2. TFP indices (measures changes in TFP; non-parametric);
3. Data envelopment analysis (DEA; measures technical efficiency, i.e., distance

to production frontier; non-parametric);
4. Stochastic frontier estimation (parametric; accomodates random perturba-

tions in output through a special form of error distribution).
We are here only concerned with the first two methods, the first one in paper

1, and the second in paper 2.
10
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5.4 Econometric issues
There are a number of issues to consider in the estimation of the effects of in-
frastructure on the economy. In the most common approach, the estimation of an
aggregate state or regional production or cost function, we find in the literature
these critical points:

1. Aggregation/disaggregation: according to Munnell (1992), spatial disaggre-
gation leads to an underestimation of the infrastructure parameter because
of positive spill-over effects from adjacent regions; but the results of Boarnet
(1998) indicate the existence of negative spillovers in Californian counties;
the investment in one county draws mobile factors of production away from
counties with similar population and production structure (not necessarily
from adjacent counties). Industrial disaggregation is motivated by the fact
that different industries are not equally sensitive to transport services, for
example.

2. Endogeneity of two kinds:
(a) Endogeneity of production function, in general: simultaneity of decision

of input bundle and output (all studies using cost or profit functions,
i.e., Berndt and Hansson (1992), Morrison and Schwartz (1992; 1996),
Sturm and Kuper (1996), Sturm (1997) and others). However, it is not
entirely safe using cost functions either since they include production
volume;

(b) Endogeneity of infrastructure provision–simultaneity of provision and
(regional) productivity growth (Holtz-Eakin and Schwartz, 1995b; Duffy-
Deno and Eberts, 1991; Chandra and Thompson, 2000). This criticism
hardly applies on micro studies;

3. The existence of common trends and lack of cointegration in macro variables,
leading to spurious regression (Aaron, 1990; Tatom, 1991; Munnell, 1992;
Lynde and Richmond, 1993; Sturm and de Haan, 1995). If two variables
are dependent on a third, which is excluded from the regression, there will
be a spurious relationship between the first two (for spurious regression, see
Granger and Newbold, 1974);

4. The existence of incidental parameters (“fixed effects” or individual/regional
dummies) (Holtz-Eakin, 1994; recognised in most later works);

5. Self-selection bias (not recognised, and only relevant to micro-data; related
to the endogeneity question of regional production, see Petersen, 2004);
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6. Spatial effects and spatial autocorrelation; the question of spill-overs (Munnell,
1992; Holtz-Eakin and Schwartz, 1995b; Kelejian and Robinson, 1997; Moreno,
Artis, López-Bazo and Suriñach, 1997; Boarnet, 1998);

7. Autocorrelation and heteroskedasticity (temporal and/or spatial);
8. Direction of causation (Tatom, 1991; Gramlich, 1994);
9. Existence of long-run or short-run equilibrium (Morrison and Schwartz, 1992;

Shah, 1992; Moreno, López-Bazo and Artís, 2002);
10. The measurement of public capital stock and public capital services. These

services have a different value (shadow price) in different situations, and for
different agents.

In order to cope with these serious problems, the following remedies are rec-
ommended:

• The use of fixed regional and temporal effects;
• Differentiation of the data, cointegration analysis, or vector autoregression
(VAR);

• Preferrably long differences (≥ 5 years);
• The use of dual cost or profit functions;
• The use of a dynamic specification (Sturm and Kuper, 1996, but interpreta-
tions get difficult);

• Disaggregation: micro studies have been suggested, but the specification is
not self-evident;

• It is necessary to study the effects for a long time period (more than five
years), covering time periods both before and after the investment.

Other estimation methods than linear regression include:
• Non-parametric or semi-parametric estimation (Chandra and Thompson,
2000; Rephann and Isserman, 1994). In an interesting paper, Boisso, Grosskopf
and Hayes (2000) estimated a Malmquist index of productivity change, which
was separated into effects of technical change and efficiency change. These
were both regressed on public capital variables, which resulted in significant
parameter estimates for these variables. However, there might be a problem
with autocorrelation and non-stationarity that is not accounted for;
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• Non-linear regression (Duggal, Saltzman and Klein, 1999);
• Neoclassical growthmodels (long-run steady state) (Holtz-Eakin and Schwartz,
1995a; Crihfield and Panggabean, 1995; Shioji, 2001);

• Endogenous growth models (Hulten and Schwab, 1993; Bougheas, Demetri-
ades and Mamuneas, 2000).

“Successful” estimations, meaning that they considered and attended to many
of the above-mentioned difficulties, include, among others (using a parametric ap-
proach): Boarnet (1998), who found that local benefits were offset by negative
impacts in similar counties, summing up to an overall zero effect; Sturm (1997),
who found an effect, but only for the protected sector (in The Netherlands); Chan-
dra and Thompson (2000), which is a mixed parametric/non-parametric approach,
which found positive effects in interstate highway counties in the U. S. (except
metropolitan counties) and negative in neighbouring counties, both with a lag of
several years.

Among non-parametric studies, we find Rephann and Isserman (1994), who
report positive effects using a multidimensional matching technique.

6 Summary of papers
6.1 Microlevel cost function approach
In the paper “The impact of accessibility on cost: A microdata panel approach”,
a microlevel panel dataset is used to investigate the public capital hypothesis for
the Swedish part of Öresund (Scania). Microlevel data reduces problems with
endogeneity of infrastructure provision and the direction of causation, provide
more exact prices on labour and private capital, and introduces the possibility to
analyse the sources of macro productivity. In earlier studies, it has been found
that the elasticity of public capital on output has decreased with the level of
disaggregation, and the question that is investigated here is what happens at the
most disaggregate level of the economy. As a proxy for infrastructure services we
use an accessibility measure, which better describes the service derived from the
transport system than the traditional measures of public capital stock or highway
density. A translog cost function, augmented with accessibility, is estimated for
24 industry aggregates. Tests for autocorrelation and heteroskedasticity reject
the null hypotheses of no such effects. Using a Within variation (fixed effects)
approach, some indications of cost reductions are found in the Construction and
Transportation sectors, and for the aggregated Manufacturing or Service sectors
in areas with low accessibility; but not on the pooled dataset. The results are
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very sensitive to specification. The microlevel approach provides, however, an
interesting alternative to the aggregate production function, and many new models
emerging from research could be adapted for infrastructure analysis. The new
approach also introduces new problems, like selection bias of entry and exit, large
dispersion, measurement errors, and the location of the activity.

6.2 Non-parametric approach
The paper “Estimating the link between accessibility and productivity with propen-
sity score matching” deals with the same issue as above, but employs a non-
parametric approach. Problems with the specification and error distribution are
thus avoided. The firms are set up as in an experiment, with a “treatment group”
and a “control group”, except that the assignment to treatment cannot be ran-
dom. This is why the outcome of the firms–the productivity, measured as total
factor productivity (TFP)–is balanced by the probability to be in the treatment
group. The treatment group consists of the firms located in places with “high
accessibility” (higher than the median accessibility), and the hypothesis tested is
whether the average treatment effect on the treated is significantly different from
zero. The balancing procedure is carried out by kernel matching. The accessibility
is a cross-section for the year 1997. We use a “short and wide” panel dataset, con-
sisting of almost 25,000 individual firms/workplaces during 1990—98, subdivided
into the same industry aggregates as above. Each firm is geocoded with a 250 m
resolution, as above. The results show no effect of the high accessibility-treatment
on productivity; neither on any branch level, nor on the pooled dataset. Alterna-
tive dependent variables are also tested: an individual efficiency indicator (“fixed
effect”) and a Törnqvist index of productivity change, but the result is the same.

6.3 Validation of transport models
The last paper, “Modelling cross-border transport in Öresund: Scenario assump-
tions, model results and a before-and-after database”, is a survey of some old and
new transport models, that have been or can be used for the forecast of the traffic
across the Öresund Strait. Transport models, and transport/land-use interaction
models, are important decision support tools for large-scale infrastructure invest-
ments, for example in the road network. A bothersome feature of these tools are
their distant forecasting horizon of 10—30 years ahead, and the uncertainty fol-
lowing from this. Although widely used, these models have rarely been put to
test after this period have passed. The predictive power of a transport model
is dependent on its ability to reproduce reality, which is assessed by validation.
Apart from modelling the specific transport demand, which is based partly on
socio-economic (demand) factors and partly on the supply of transport facilities
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(infrastructure), a number of scenarios of the future socio-economic development
must be set up, called the scenario assumptions. Three different transport models
are presented: FREDRIK/SSV, COMVIN and SAMPERS/Skåne, out of which the
first two have been used to model the transport across Öresund. COMVIN was
used by the Øresund Consortium until February, 2003. Model structure, forecast
results and scenario assumptions are considered in order to identify the key sources
of uncertainties, and to prepare for external validation. External validation will
in the future be carried out by estimating the true model error versus the error
caused by incorrect scenario assumptions. Furthermore, the contents of a before-
and-after database is outlined, to be used for the external validation of models of
the interaction of transport, land-use and the environment in Öresund.
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