
Abstract

This thesis consists of three main parts. The �rst and most impor-
tant part, in terms of e¤ort and time spent, is devoted to the estimation
of the importance of accessibility for production at the �rm or plant level
using three di¤erent econometric estimation approaches. The results could
have implications for the calculation of �wider�economic bene�ts of trans-
port infrastructure, stemming from agglomeration externalities (e.g., scale
economies). There are both methodological and result-wise conclusions that
can be drawn from this research: methodologically, �rst, using unbalanced
�rm-level data requires the use of proxy variables to account for (initial)
�rm-speci�c unobserved productivity e¤ects, and non-random exit from the
dataset. Second, there are unsolved theoretical problems when applying an
essentially aggregate approach to productivity analysis on disaggregate data,
viz., relating to the existence of aggregate production functions, and to the
aggregation of productivity from a disaggregate level to a more aggregate
level in a spatial framework.
Result-wise, clear productivity di¤erences are presented, when compar-

ing �rms in the same time period but in di¤erent locations with di¤erent
accessibility. However, it is not possible in this dataset to detect increased
productivity for representative �rms stemming from the opening of the Öre-
sund link. It is therefore discussed whether the reason for this result could
be the inappropriateness of output measures in a competitive business envi-
ronment, where a large portion of the bene�ts are gradually transferred to
consumers and thus remain unmeasured. Other, more comprehensive struc-
tural approaches to econometrics, including the demand side of the economy,
are also recommended.
The second part of the thesis treats an unjustly neglected area of trans-

port research: the validation of transport demand models. These transport
models are for example used to calculate the new tra¢ c patterns and changes
in accessibility from a transport infrastructure investment like the Öresund
�xed link, around which most of this thesis orbits. The third and last part,
written with two co-authors, deals with the �vulnerability�of the road net-
work, in terms of e¤ects on the travel time delays of the users when a link is
disrupted. The calculated indices of importance and exposure could also be
seen as extreme forms of accessibility, especially when there is no alternative
route besides the one that is cut-o¤.

Keywords: Öresund link, productivity, accessibility, micro data, validation,
exposure
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Svensk sammanfattning

Denna avhandling består av tre huvuddelar. Det första och viktigaste delen, vad
gäller nedlagt arbete och tid, ägnas åt att uppskatta vikten av tillgänglighet för
produktionen på företags- eller anläggningsnivå med tre olika skattningsmetoder.
Resultaten skulle kunna få konsekvenser för beräkningen av �större�, hittills obeak-
tade ekonomiska fördelar av transportinfrastruktur, som härrör från externa ag-
glomerationse¤ekter (t.ex. skalfördelar). Det �nns både metodologiska och re-
sultatmässiga slutsatser som kan dras från denna forskning: metodologiskt kan
man först konstatera att obalanserade1 data på företagsnivå kräver användandet
av proxy-variabler för att fånga upp företagens speci�ka, icke-observerbara beg-
ynnelsetillstånd, samt ej slumpmässiga utträden ur datamängden. Vidare �nns
det olösta problem när man tillämpar ett huvudsakligen aggregerat angreppssätt
för produktivitetsanalys på disaggregerade data, som handlar om existensen av
aggregerade produktionsfunktioner, och hur man aggregerar produktiviteten av
individuella företag till en mer aggregerad nivå i ett rumsligt sammanhang.
Resultatmässigt presenteras klara produktivitetsskillnader när man jämför före-

tag i samma tidsperiod men på olika ställen med olika tillgänglighet. Det är däre-
mot inte möjligt i denna datamängd att fastställa någon ökad produktivitet för
representativa företag som härstammar från öppnandet av Öresundsförbindelsen.
Därför diskuteras huruvida orsaken till detta resultat kan vara olämpligheten av
produktionsmått på en konkurrensutsatt marknad, där en stor andel av nyttorna
successivt förs över till konsumenterna och därför undgår mätning. Andra mer
omfattande, strukturella angreppssätt, där även efterfrågesidan inkluderas i skat-
tningsmetodiken, rekommenderas också.
Den andra delen behandlar ett orättvist försummat område av transport-

forskningen: validering av transportefterfrågemodeller. Dessa modeller används
till exempel för att beräkna nya tra�kmönster och förändringar i tillgänglighet från
en transportinfrastrukturinvestering som Öresundsförbindelsen, omkring vilken
det mesta av denna avhandling kretsar. Den tredje och sista delen, skriven med
två medförfattare, behandlar �sårbarhet� i vägnätet, i termer av e¤ekter på de
förseningar i restid för användarna när en länk blir avskuren. De beräknade in-
dexen av betydelse och utsatthet skulle också kunna uppfattas som extrema former
av tillgänglighet, särskilt när det inte �nns någon alternativ färdväg till den som
är avskuren.

Nyckelord: Öresundförbindelsen, produktivitet, tillgänglighet, mikrodata, valid-
ering, utsatthet

1Obalanserade data innebär här att varje företag �nns med i olika många tidsperioder i
datamängden.
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Preface

The �rst part of this thesis was produced within the project �Regional develop-
ment consequences of the Öresund bridge�, which was set out by Prof. Folke
Snickars at the Department of Infrastructure and Planning, KTH, in 1999 with �-
nancing from the Communications Research Board (KFB)2, the Swedish National
Road Administration (Vägverket) and the Swedish National Rail Administration
(Banverket)3. The project, which was �nished in 2006, aimed at making before-
and-after-analyses of the situation in the Öresund region in view of the opening of
the bridge and tunnel that would connect Malmö and Copenhagen in 2000. The
project was unique in the sense that it started before, so it was actually possible
to collect data from the before-situation. The research focus was early de�ned to
be long term panel data analysis through household and business surveys, inter-
views with decision-makers, etc.; cross-border studies, before-and-after-analyses,
regional economic modelling, and Swedish-Danish co-operation. Results from this
project have been presented in a number of conferences of the European Regional
Science Association (Zagreb 2001, Dortmund 2002, Jyväskylä 2003, Porto 2004)
and at VTI Transportforum in Linköping in 2005 and 2009, 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 econometrics (estimation of the connection between accessibility and pro-
ductivity) and before-and-after studies (a before-and-after database, validation of
transport demand models). The econometrics parts have since then continued in
several other projects, which �nally rendered the third paper as the ��nal point�
of this thesis.
A somewhat di¤erent paper was produced together with Erik Jenelius and Lars-

Göran Mattsson in the project �Vulnerability analyses of roads�. My main contri-
bution there is the Introduction and Background, and the De�nition of concepts�
especially the term �exposure�, signifying the �pure�consequences of an adverse
event to a speci�c site, without consideration to the probability component of
vulnerability (or risk), which can be very di¢ cult to assess.

2KFB is now incorporated in VINNOVA.
3Both Vägverket and Banverket are now incorporated in the Swedish Transport Administra-

tion (Tra�kverket).
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1 Background

Most of this thesis (four out of �ve papers) started in a project aiming at a long-
term study of the Öresund �xed 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. Equally important
from a Swedish perspective was to provide stimulus to a region with a backward
development after especially the crisis in the shipyard industry and its restructuring
around 1990, and a diminishing population trend. The link 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 �e¤ects�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 decisions are
made, and especially after implementation. It is not until then that the model
comes to a real test, and researchers can look for measures of improvement.
Forecasting models are never in a ��nal version�, and with new data sources

and increased computer capacity, there is a constant development in the �eld. 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
necessarily mean that they di¤er so much from those developed nowadays. In the
case of transport and land-use modelling, not much in the basic theory (maximisa-
tion of utility under a random speci�cation) has happened since the breakthrough
in the mid-1970�s (for an overview of the development, see McNally, 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.

2 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 e 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 Öresund �xed link between Malmö,
the third largest city in Sweden, and Copenhagen, the capital of Denmark. The
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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 e 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 e 62 billion
(all �gures from the end of 2000)8.
Scania and Copenhagen are di¤erent in terms of industrial structure, and po-

sitions in their respective national invention systems. Copenhagen is the obvious
economic and cultural centre, comprising around half of the economic activity of
Denmark and almost two thirds of the region, with the service-dominated indus-
trial diversity of a metropolis. Scania, in contrast, is relatively more dominated
by knowledge-intensive manufacturing industries and has a subordinate role be-
hind Stockholm in the Swedish innovation system. According to Lundquist and
Winther (2006), Denmark has a more polycentric innovation system than Sweden;
on the other hand, the share of R & D expenditure in Sweden has been around
twice that of Denmark for decades. Lundquist and Winther analyse these dif-
ferences, and argue that this knowledge is necessary in order to understand the
future development in the respective parts of the region, e.g. their complementar-
ities and substitutabilities. Both Sweden and Denmark have been among the top
three competitive countries in Europe in all �ve reviews of the World Economic
Forum since 2002 (Blanke and Kinnock, 2010).
Until 2005, the gross regional product of Scania has not evolved better than

the other metropolitan regions Stockholm and Gothenburg� the gap to them of
about 1 % per year has remained constant (Table 1). In addition, this economic
growth has been more than o¤set by a strong increase in the population, resulting
in a slower development of GRP per capita, and a wider gap compared to the other
to metropolises than before 2000 (Table 2 and 3).
In fact, the population growth in Scania has since 2000 been on par with the

one in Stockholm, resulting in a growth of GRP per capita that is 1.1�1.2 %
lower until 2005, compared to only 0.8�1.0 % lower before 2000. There is however
a slightly more positive development in the employment statistics, which have
evolved better than Stockholm (but not than Gothenburg). This di¤erence could
however mainly be explained by the crisis in the Information and Communication
Technology (ICT) sector in 2001�2002, which hit Stockholm more severely than
the other regions (table 4).

Accordingly, Nalin (2010) concludes that there is no evidence of a compara-
tively more bene�cial development in the Öresund region, neither in respect to the

8Sources: the Ørestat database (Statistics Sweden and Statistics Denmark, 2010) and Statis-
tics Sweden. Purchasing power parities (PPP) according to Eurostat.
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GRP avg. yearly growth (%)
Region/county 1993� 2000 2000� 2005
Stockholm 4:7 3:1
Gothenburg 4:1 2:9
Scania 3:3 2:0

Table 1: Gross regional product (GRP) in volumes: average yearly growth rates
before and after 2000 in three Swedish metropolitan regions. Source for this and
the following three tables: Statistics Sweden.

Population avg. yearly growth (%)
Region/county 1993� 2000 2000� 2005 2000� 2009
Stockholm 1:1 0:7 1:1
Gothenburg 0:3 0:4 0:5
Scania 0:5 0:7 1:0

Table 2: Population: average yearly growth rates before and after 2000.

GRP/capita avg. yearly growth (%)
Region/county 1993� 2000 2000� 2005
Stockholm 3:6 2:4
Gothenburg 3:8 2:5
Scania 2:8 1:3

Table 3: GRP per capita: average yearly growth rates before and after 2000.

Employment avg. yearly growth (%)
Region/county 1993� 2000 2000� 2005
Stockholm 1:4 0:1
Gothenburg 0:7 1:2
Scania 0:8 0:4

Table 4: Employment: average yearly growth rates before and after 2000.
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other Swedish metropolises, nor to comparative European regions. On the other
hand, this does not mean that there cannot be positive e¤ects on a smaller, local
level: Åkerman (2009) �nds con�rmatory evidence of increased productivity in the
municipality of Malmö due to increased export in a trade model with heteroge-
neous �rms (Melitz, 2003). And, disregarding second-order e¤ects (the breaking of
monopolies and the net e¤ect of positive and negative externalities), Rich (2010)
estimates the consumer surplus of the link to e 1.5 billion in total for the period
2000�2010, rising to e 3.8 billion until 2020 (about e 139 million per year in 2000
and e 265 million per year in 2020). 85 % of this is related to business travel and
commutes, 68 % to car users, and 48 % to residents on the Danish side.9

Statistics of the relocation of households and commuting suggest that most of
the bene�ts have accrued to households, and not to �rms in the �rst place. Between
1997 and 2007, the number of cross-border commuters increased by 700 %, from
2,300 to 18,600 (Statistics Denmark, 2009). In 2007, 17,900 or 96 % commuted
from Scania to Denmark. 39 % of these (7,000) where born in Denmark, 40 % in
Sweden, and 21 % were born elsewhere (but most of these were Swedish or Danish
citizens).
2007 was the year when the Swedes �catched up�with the Danes, who had

dominated the commuter �ow from Scania to Eastern Denmark since 2002. Also
the foreign-born share increased from around 10 % to more than the double during
this period. These 7,000 Danish-born commuters (plus those of the foreign-born
who decided to move from Denmark to Sweden10) are the result of a massive
�ow of Danish immigrants which started when the link opened. The reasons are:
lower real estate prices and a more attractive living standard in Scania, and lower
purchase prices on cars. Because of the link, they can keep their job in Denmark,
where salaries and labour demand are higher, buy a car and easily drive to work.

3 Theoretical background

3.1 Modelling infrastructure e¤ects

However convinced policy makers are of the bene�ts of certain infrastructure in-
vestments, there is a long-standing academic discussion about what these positive

9In Rich�s partial analysis, business travel time reductions are included in the bene�ts,
amounting to 67 % of the surplus (in 2005). This is correct in projects which can be assumed
not to in�uence product prices and wages, i.e. in �small�projects relative to the whole economy.
The share of the number of commuters in the total labour force in Öresund was about 1 % in
2007, and their income 734 million e or about 0.7 % of the GRP, so at least on the labour market
this criterium seems to hold (source: Orestat).
10The harsh Danish immigrant laws has made it more attractive for households with one

foreign-born member to reside in Sweden� so-called �love refugees�.
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e¤ects really consist of, how to measure them, and which is the direction of causal-
ity (Munnell, 1990). The provision of infrastructure must also always be weighed
against the costs, as it is usually �nanced with tax money.

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

Multiplier e¤ects means that the infrastructure investment will induce more
private investments (to take advantage of the bene�ts of it). The crowding out-
e¤ect, on the other hand, if it exists, leads to less overall private investment,
because of generally higher interest rates (the infrastructure investment consumes
a considerable part of available capital or tax money). The program or spin-
o¤ e¤ects 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 e¤ect that is attracting many a policy-maker, and it is maybe also the
e¤ect that is most urgent to measure.

There are three kinds of models discussed in Rietveld (1989), characterised
by the speci�c way that infrastructure can in�uence the economy: its in�uence
on production factors, on location factors, and on interregional trade. The �rst
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 speci�cation, provides, in
principle, the elasticities of the di¤erent 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-
�ed 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 speci�ca-
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 Jo-
hansson (1993a) and Forslund and Johansson (1995), a Cobb-Douglas production
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function is employed, extended with variables describing the regional endowment
of physical (manmade) infrastructure: capacities of di¤erent 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 �xed immobile factor inputs, in contrast with
the mobile labour and private capital inputs. The �xed 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
�xed production factors. The rate of change is also estimated: whether the over-
or under-utilisation is increasing decreasing or stays constant.

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 �rst and second ap-
proaches: the �rst to the extent that we consider the production (�rm 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 e¤ects
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�ects di¤er-
ent policy interests: in the U.S. the questions of productivity slowdown, taxation
and federalism are in focus, while in Europe, at least since the constitution 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, because of the large distances and sparse popula-
tion, 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), Wi-
gren (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 ex-
plain the population and employment di¤erentials in the U.S. (Mills and Carlino,
1989; Johansson et al., 1991; Johansson and Karlsson, 1994).
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3.1.1 New economic geography

In the wake of the New Economic Geography (NEG) theories (Krugman, 1991),
the importance of increasing returns and costly transport and trade in explaining
such phenomena like persistent global inequalities and intra-industry trade have
been more and more recognised, both theoretically and empirically.
Increasing returns can be categorised depending on which level of the economy

it operates (Eberts and McMillen, 1999):

1. increasing returns internal to the �rm,

2. increasing returns external to the �rm, but internal to the industry (locali-
sation economies/externalities),

3. increasing returns external to the �rm and the industry (urbanisation economies/externalities).

The �rst item corresponds to the �factory town�, where it is possible to lower
average costs by installing larger machinery. Since the second and third items
are unrewarded bene�ts to other parties, they are externalities (Meade, 1952, cf.).
Examples of the second case can be seen in specialised clusters around the world,
for example in the garment industry, shoe or furniture manufacturing or engi-
neering industries (e.g. Gnosjö in Sweden). If these externalities are attributed
to knowledge spillovers, they are sometimes referred to as Marshall-Arrow-Romer
(MAR) externalities, while Marshall (1920) also suggested other mechanisms for
these externalities, such as pooling of specialised labour and input and output
linkages. In the third case, the bene�ts derive from the variety of products and
skills that are present in major metropolitan areas, which are also referred to as
Jacobs�externalities (Jacobs, 1970).
When there are internal increasing returns to scale, there is an economic in-

centive for the �rm to grow. But when there are external returns to scale, there
are only small incentives for �rms to agglomerate, because as with all externali-
ties, the individual �rm only receives a small share of the bene�t, while it supplies
all other �rms with its own impact without compensation. Instead, the �urban
equilibrium�, i.e. the equilibrium spatial con�guration of �rms and households in
a consolidated metropolitan area, is established through the labour market, which
also constitutes �nal demand (households). The total welfare e¤ects of NEG mod-
els are complicated, comprise both positive and negative externalities, and depend
on assumptions about labour or capital mobility and ownership, for instance. They
are somewhat explained in section 3.2.3 below.
In the exposition of Baldwin, Forslid, Martin, Ottaviano, and Robert-Nicoud

(2003), there are three driving mechanisms behind agglomeration in the core-
perifery model: the market-access e¤ect, the cost-of-living e¤ect and the market-
crowding e¤ect (p. 10). The market-access e¤ect (or home-market e¤ect) describes
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the tendency of �rms to locate in larger markets and export to smaller markets.
The cost-of-living e¤ect is the decrease of the average price of goods in the home
market, due to lower transport costs (fewer goods need to be imported). These two
e¤ects together create a potential for �circular�or �cumulative causality�(Myrdal,
1957) and are agglomerative forces. The market-crowding e¤ect re�ects the fact
that imperfectly competitive �rms tend to locate in regions with few competitors,
and when located in the larger region they are only able to pay lower nominal wages
in order to break even11; both these outcomes represent a dispersion force. The
�rst two e¤ects encourage spatial concentration, while the third one discourages
it. Note that agglomeration as such is a quite di¤erent question than its welfare
implications, which depends on which social welfare function we apply.
The micro foundations of why businesses agglomerate are succinctly sum-

marised by Duranton and Puga (2004), and divided into three main categories:
sharing, matching and learning. Sharing refers to the sharing of inputs, of public
infrastructure, of a common pool of skilled workforce, of risks (of investments),
for example. Matching is enhanced when there is a larger diversity of inputs and
specialised workers etc. Learning is promoted by e.g., informal contacts, rotation
on the job market, and intense communication.

3.2 Transport and welfare

The e¤ects of transportation investments can be divided into direct and indirect ef-
fects Rietveld (1994); Banister and Berechman (2000, p. 164 ¤.). A comprehensive
overview of welfare e¤ects from transport investments is provided in Small (1999),
while more complete treatments of cost-bene�t analysis in general are given in Jo-
hansson (1993b) or Layard and Glaister (1994). A recent account and theoretical
development of indirect e¤ects is given in Meléndez-Hidalgo, Rietveld, and Verhoef
(2006).
The direct e¤ects include travel time and cost reductions, and increases in tra¢ c

volume, and consist of the consumer surplus (willingness-to-pay for transport time
reductions), producer surplus in the transport sector (taxi, trucking etc.) and
e¤ects on the government budget (through taxes on fuel, for example). The largest
negative direct e¤ect is of course the investment cost of the project. Besides
these direct e¤ects, there are a host of indirect e¤ects, in the short-term and the
long-term. Short-term e¤ects include �investment multipliers�, i.e. the �trickling-
down�of the instantaneous demand shock from the investment, through all layers
of subcontractors to the �nal demand of households. The long-term indirect e¤ects
include the relocation of households and businesses, as a response to changes in

11There is empirical evidence for that wages are certainly higher in cities, but not high enough
to compensate for the increased cost of living.
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accessibility and rising land and real estate prices.
For implications for the welfare e¤ects of an investment, the main interest lies

in the deviations from ideal, competitive market conditions: economies-of-scale
leading to monopoly situations; external e¤ects; public goods; and disequilibria.
We concentrate here on the �rst two.
Positive and negative externalities are �unpriced bene�ts or nuisances accruing

to third parties�. These are often di¢ cult to assess and value in monetary terms,
and much e¤ort is spent to do this. The best known externalities from trans-
port projects are negative� congestion, noise, pollution, accidents, encroachment,
severance, degradation of habitats, deteriorated health etc.� but there are some,
potentially important, positive externalities as well. To this category we count
agglomeration economies, labour market imperfections, and network externalities.

Agglomeration externalities can be de�ned as �bene�ts accrued to �rms re-
sulting from their geographical proximity to other �rms�(e.g., Banister and
Berechman, 2000, pp. 168�170) and are reciprocal cost reductions that �rms
imply for each other. They are in turn divided into three categories: locali-
sation economies, or economies of specialisation (Marshall, 1920); urbanisa-
tion economies, or economies of diversity (Jacobs, 1970)); and competition
(Porter, 1990). Measures of agglomeration include the specialisation, variety
and density of �rms in the own or in other industries, in relation to some
reference point, e.g. the national average. It can also be measured as a �mar-
ket potential�, i.e. the accessibility to income and purchasing power (Harris,
1954; Hanson, 2005), or the accessibility to the population or workforce.

Labour market imperfections refer to market entry barriers, like the lack of in-
formation on employment opportunities, or spatial inaccessibility to relevant
jobs (lack of matching) for family members. These barriers can potentially
be reduced by transport investments, resulting in a non-linear response in
labour supply. This should however not be confused with the increase in
labour supply deriving from an expansion of the local labour market (ex-
pansion of the space-time prism), which would already be captured by the
consumer surplus12. Only reductions in search costs should be regarded as
part of a �wider bene�t�, why it could be di¢ cult to separate out in em-
pirical work where labour supply is normally modelled as perfectly elastic.
This e¤ect is usually referred to as �increased matching of labour�: �industry
size reduces search costs for �rms looking for workers with speci�c training

12That is, provided that growth is regarded as endogenous of the model, travel demand is
adequately forecasted, and the saved time be used for productive work and/or consumption. See
also for example Jara-Díaz and Farah (1988, p. 203) and references therein.
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relevant to that industry�(Henderson, 1986; Helsley and Strange, 1990)13.
Duranton and Puga (2004) put it this way: �an increase in the number of
agents trying to match improves the expected quality of each match�, so this
could be regarded as a result of economies of scope in labour supply. Du-
ranton and Puga also mention another channel for agglomeration economies,
deriving from the labour market: �stronger competition helps to save in �xed
costs by making the number of �rms increase less than proportionately with
the labour force�, so this is a result of utilising internal economies of scale in
the �rms and in the industry. A �thick labour market�with a high average
skill that is adapted to the industry is a public good for �rms (Marshall,
1920).

Network externalities are consequences of the connectivity of links a network;
for example, congested tra¢ c on one link a¤ects congestion levels on adja-
cent links as well. Positive examples can be found in telecommunication,
where one extra telephone or fax machine increases the utility of all others�
telephones or faxes. It is hard to �nd positive network externalities in the
usage of a road network14, but there can be signi�cant network economies
in road (or bridge) construction, the extent to which to a large extent de-
pends on where the link is located. For an isolated node in the perifery of
a network, one link would only provide access to and from this node and
all other nodes; but a link connecting the two networks of Copenhagen and
Malmö will bene�t all other nodes on respective side as well. The number of
potential connections in the cities thus increases by the product of the nodes
in respective city, and the cost for constructing the link can be �spread out�
on many more nodes drawing bene�t from it.15

13The importance of search frictions in markets was recognised in the 2010 economics prize in
memory of Alfred Nobel (Royal Swedish Academy of Sciences, 2010; Diamond, 1971; Mortensen
and Pissarides, 1994). A recent book by Zenou (2009) combines search theory with urban
economics, to explain di¤erent patterns of residential location for employed and unemployed
workers.
14One might think of a driver decreasing congestion on an adjacent road by taking another

route; but this requires the existence of an alternative, uncongested route in the �rst place.
Another positive example might be �keeping company�� driving alone in the night on an empty
highway could be scary for some people, but this is probably a marginal problem. Facilities
around roads, like petrol stations or laybys, are subject to mutual network externalities, because
the more users, the higher the pro�t for the business and the better the service for other users
(it is common that stations of di¤erent brands co-locate). However, one can discuss whether the
externalities of roadside restaurants are positive or negative: : :
15As a numerical example, consider each person in Copenhagen and Greater Malmö in 2000

a potential �node� of contact, and disregard transport costs for a while. Just by connecting
the two cities, the number of potential contacts will increase by 53 % compared to the situation
where the cities are disconnected. For Malmö, the change is dramatic: 691 %; more contact

10



Theoretical models of agglomeration economies are surveyed in Fujita, Krug-
man, and Venables (1999), Fujita and Thisse (2002), Duranton and Puga (2004)
and Venables (2007). The policy implications of these models are treated in Bald-
win et al. (2003). Numerous attempts have been made to estimate them, e.g.
Åberg (1973), Sveikauskas (1975), Calem and Carlino (1991), Glaeser, Kallal,
Scheinkman, and Shleifer (1992), Henderson, Kuncoro, and Turner (1995), Cic-
cone (2002), and Rice, Venables, and Patacchini (2006), to mention just a few.
Empirical studies and methodological approaches are summarised in Eberts and
McMillen (1999), Rosenthal and Strange (2004), and Gill and Goh (2010), and a
recent meta-analysis is provided in Melo, Graham, and Noland (2009).
On the other side of the coin, the negative externalities include:

Congestion is perhaps the most well-known negative externality, and appears
on a network when the tra¢ c approaches the capacity of a link in the net-
work. When a new car enters, the collective of �everybody else�will su¤er
immensely more than the private delay accruing to the entrant. Congestion
can be mitigated using road-user charges of di¤erent kinds16. There could
also be an instantaneous positive external e¤ect deriving from congestion,
if a parallell link or alternative mode (public transport or bicycle) attracts
road-users and relieves the congestion. This kind of e¤ect has however a ten-
dency to be attenuated over time, as more new car-users are attracted and
will reestablish the old congestion levels (the so-called �user equilibrium�).

Environmental degradation are also well-known negative external e¤ects of
transport: air and water pollution, noise, encroachment, ecological barriers,
depletion of limited natural resources, acidi�cation, disrupted hydrological
cycles, water run-o¤ from hard surfaces are all more or less well-known neg-
ative e¤ects of transport infrastructure and tra¢ c, some of which is counter-
acted by diverse taxes, e.g. on fuel.

Health e¤ects where the most notable example is the risk of injury and death for
fellow road-users, but there are of course also signi�cant health e¤ects from
noise, emissions, suspended particles etc., if they are not included among the
environmental e¤ects. There are also positive external health e¤ects: the
positive e¤ects of increased exercise by walking and cycling, that reduces the
societal costs for health care.

Out of these, although all of them are important for social welfare, only con-
gestion is sometimes included in modelling, e.g. in some of the models in Baldwin
et al. (2003).

opportunities; for Copenhagen: 58 %.more.
16One of the motivations for the charge on the Öresund link is that the road tra¢ c could cause

congestion in Copenhagen.
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3.2.1 Costs, bene�ts and distribution

A returning and pertinent question of the welfare e¤ects of infrastructure invest-
ment is wether it contributes positively to welfare in an absolute sense, or just
redistributes it. In cost-bene�t analysis (CBA), the bene�ts of publicly provided
transport projects (mainly the time gains) are estimated via the consumer surplus
measure of increases of welfare in the Hicks-Kaldor sense17. The Kaldor-Hicks cri-
terium is not concerned with distribution e¤ects, only total welfare. This means
that some groups of people can be better o¤ and some others worse o¤, if the
worse-o¤ group in principle could be compensated by the better-o¤ and total wel-
fare would still increase. These distribution e¤ects are instead assumed to be taken
care of within the political system, through the voters�preferences.
CBA depends crucially on the assumption of perfect markets and no externali-

ties (i.e., all utility-a¤ecting goods and services are fully owned and paid for by the
agents involved in the transactions and no others). In practical CBA, great e¤orts
are therefore put into the separate estimation of external e¤ects like environmental
damage, accidents, congestion and noise.

3.2.2 Technological and pecuniary e¤ects

Economies and externalities can be divided into technological (or allocative) and
pecuniary (Viner, 1932). The distinction between technological and pecuniary
economies is similar to the one between returns to scale, which refers to the mar-
ginal increase in output due to a scales of production, and economies of scale, which
refers to the cost of production. Pecuniary externalities are e¤ects on prices, e.g.
factor prices or input prices, on other �rms, while technological externalities a¤ect
the �technological coe¢ cients of production�of other �rms (Dodgson, 1973; Small,
1999). If only the level and not the distribution of welfare matters (i.e., the Kaldor-
Hicks criterium is used), only technological externalities will a¤ect social welfare,
because if markets are perfectly competitive, price-taking and free entry will see
to that the economy adjusts to the new prices caused by pecuniary externalities
(for example transport costs), and there will be no extra welfare gains from them,
only transfers between di¤erent economic agents (producers and consumers).
In reality, �rms have �xed (entry) costs that lead to increasing returns to scale

(at least in the short run), prices include markups on marginal costs, and �rms
gain (usually small) pro�ts, which are used for investments or accrue to the owners.
In this case, pecuniary externalities can also a¤ect welfare.
Technological externalities a¤ected by transport investments are mainly the

agglomeration externalities described above. The positive agglomeration external-

17Hicks-Kaldor welfare improvements are improvements in the aggregate, but not necessarily
(and not usually) for all agents involved.
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ities are sometimes called �wider�e¤ects of transport investments (in the United
Kingdom; e.g. Graham 2006; Lakshmanan 2007), to emphasise that they are extra
bene�ts (net of the diseconomies), not usually included in the standard approach
in cost-bene�t analysis.
If equity, or the distribution of welfare, is a matter of concern, both pecuniary

and allocative externalities are relevant. In the geographic context of Öresund,
the relationship between the development of the core of Malmö-Copenhagen, and
the periphery of Eastern Scania and distant parts of Zealand, Lolland, Falster and
Møn, could be interesting for such analyses. Examples of distributional issues in
this context are that the railway fee on the link is subsidised by all rail passengers
in Sweden and Denmark through their railway tickets. Another example is that
commuters living in Sweden and work more than half of the year in Denmark (i.e.,
96 % of the commuters) pay income tax in Denmark, which has yielded a de�cit
of 13.5 billion SEK for Swedish tax payers during the �rst ten years of the link
(Swedish residents have paid 18 billion SEK in income taxes while Denmark has
returned only 4.5 billion according to the bilateral agreement) (Magnusson, 2010).

3.2.3 Welfare in NEG models

To summarise the welfare e¤ects of policy measures in NEG models in a few words
is not easily done. As Baldwin et al. (2003) put it:

The nomenclature of policy e¤ects is rich and confusing. Terms of
trade e¤ects, trade creation and diversion, dynamic e¤ects, scale e¤ects,
growth e¤ects are but a few of the terms applied by various authors to
various channels. (ch. 10, p. 243)

However, Baldwin et al. (2003) present a uni�ed terminology and framework,
deriving three main channels through which the welfare e¤ects manifest them-
selves:

1. trade price and volume e¤ects (the traditional �walrasian�e¤ects), which
consist of quantity changes times initial price wedges, plus price changes
times net trades,

2. e¤ects due to scale economies and imperfect competition; a production-rent
e¤ect, a scale e¤ect, a variety e¤ect and a location (or cost-of-living) e¤ect,
and

3. e¤ects due to capital accumulation and migration; depending on the assump-
tions made about the �xity of the capital stock (both human and physical),
this channel consists of either migration (�xed capital and thus no savings)
or the net of induced capital formation and induced savings required.
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In ch. 11, Baldwin et al. go on analysing welfare in terms of equity and e¢ ciency
for three �slicings�of individuals, depending on home region, factor-ownership and
factor mobility, and present results for two kinds of NEG models (Footloose Capi-
tal, FC, and Footloose Entrepreneur, FE). It is found that with the market outcome
(laissez-faire), maximum welfare is achieved when the regions are equal in terms
of varieties (�rms/income). With the intervention of a social planner, who can
adjust monopoly prices to equal marginal cost and �move��rms between regions,
welfare is maximised when one region is greater than the other. If the di¤erence
in initial endowment between the regions is su¢ ciently large, the equilibrium con-
�guration with maximum welfare is where �the winner takes it all�, i.e. where
all production and population is located in one region. It should be noticed that
the welfare measure used only takes the price and number of varieties (�rms) into
account; not individual utility of space, like in urban economics models. Any e¤ect
of congestion is thus ignored.

In Baldwin et al. (2003, ch. 17), the impact of improved transport infrastructure
on regional income inequality and growth (not "welfare") is analysed in a model
of Localised Spillovers (LS). Policies then have to face a fundamental trade-o¤
between regional equity and e¢ ciency; without intervention, �an infrastructure
policy that facilitates trade between regions of di¤erent size will aggravate regional
inequalities� (p. 444). To escape this trade-o¤, policy should instead attack the
market failure, which in this model is the localisation of the technology spillovers.
This could be done by facilitating the di¤usion of ideas and spurring the entry
of new �rms, e.g., infrastructure policies in telecommunication, internet, human
capital formation and passenger transport.

If congestion is present, policies facilitating trade between the regions may
lead to a �bad� equilibrium with low growth, low competition and high income
inequalities. In this case, again public policies should identify and mitigate the
relevant market failure, i.e. congestion, and not the lack of transport infrastructure
between the regions.

A characteristic of all NEG models is the possibility of so-called catastrophic
agglomeration, i.e. decreases in trade costs may at �rst have no e¤ect on economic
geography at all, until they reach a certain threshold, below which a very small re-
duction will have dramatic implications on the distribution of people and income.
In this range, there might be more than one possible equilibrium (bifurcation).
Public policies may thus have non-linear e¤ects: large infrastructure projects may
not have any impact on the location if it does not alter the stability of the equi-
librium; on the other hand, a small improvement in infrastructure can� in the
�right�parameter range� have a very large e¤ect, if it starts a �snowball e¤ect�
(cumulative causation).
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3.2.4 Connecting two markets

According to Jara-Díaz (1986), the welfare e¤ects of transport cost reductions be-
tween two markets depends on the degree of competitiveness of the markets that
are connected. If the markets are competitive, there will be welfare gains propor-
tional to the di¤erence in prices minus the transport cost (Excess supply in one
of the markets, plus excess demand in the other; cf. the walrasian e¤ects below).
In this case, the consumer surplus derived from the demand for transport (the
transport consumer surplus, TCS) will accurately measure the welfare improve-
ments of the project. If, however, the markets are characterised by some degree
of monopoly, the welfare e¤ects will depend on the unknown paths (�loci�) of
price-volume adjustments going from the old to the new equilibrium, and depend
on the relations in the two market areas between a) the demand elasticities, and
b) the markups of the price compared to marginal production cost18.
For example, if the �xed link enables a �rm in the transport and logistics sector

to cut down on a warehouse on the �other side�, this �rm will be able to utilise
economies of scale by increasing its capacity in one place, and will be able to reach
more distant customers in the same amount of time. In the short run, it will be
more pro�table, but with zero entry costs new �rms will enter the market and
lower the transport price until the pro�ts are almost zero again. In addition, all
pro�ts have to be invested somehow, so also �rms in other sectors will gain. The
result will be that transport-dependent �rms will lower their costs, and with new
entrants be forced to supply their goods and services at a lower price. All this will
gain consumers and especially land and real estate owners in the end. However, as
long as the economy is competitive, these gains are not additional gains compared
to the consumer surplus traditionally computed in a cost-bene�t analysis� they
are just transfers (Dodgson, 1973; Mohring, 1976, ch. 11).
If there are market imperfections, however, the situation will be slightly dif-

ferent. In the case of the Öresund link, probably the most pertinent e¤ect for
business and labour is the reduction in the trade barrier between Copenhagen and
Malmö (Banister and Berechman, 2000, p. 169 and note 11). This meant that
�rms, that before had local monopoly power now have to face a higher level of
competition, which according to the textbook would lead to lower prices and a
more diversi�ed supply, and increase welfare (Jara-Díaz, 1986). It thus entails a
component that is additional to the standard consumer surplus measure of bene�ts
(given that one of the regions is more competitive than the other). However, it is
only the part of the bene�t that is beyond that of the excess demand and excess
supply of the two trading parties, that should be counted as truly additional to the

18At certain values of these parameters, there will actually be equality between �TCS and
the true welfare e¤ect �2W , e.g. if the markups and the demand elasticities are the same in the
two markets, or, in a linear model, if the transported volume is twice the monopoly output.
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consumer surplus. The excess demand and supply are already accounted for in the
consumers�demand for travel, or should be, as calculated in a properly designed
transport demand model.
The SACTRA (1999) report uses the results of Jara-Díaz (1986), and draws

the conclusion that opening a link to a remote area, where industries have local
monopolies, would enable more competitive �rms to compete in that market, po-
tentially replacing the old ones. Workers would be able to commute, residents
to shop at large external malls, and/or move out (factor mobility)19; all of which
would a¤ect local demand. The net of these e¤ects is of course complicated to
predict. One of the main conclusions of SACTRA was also that the outcome of a
transport improvement is dependent on whether the price of the transport service
is higher or lower than the marginal social cost20. 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 bene�ts to the overall economy. On the other
hand, if transport prices are too low due to uncharged external costs (congestion
or environmental e¤ects), then a transport improvement would lead to additional
overall costs.
Although standard cost-bene�t analysis largely ignores distribution e¤ects, it

is evident that some of these mechanisms will not lead to a uniform e¤ect over the
whole study area. The SACTRA report states that some bene�ts (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). These bene�ts
would have to be taken into account in an assessment of the importance of the
project�s impact on import and export �ows, and of their regional value-added. In
a CBA, it is thus essential to clearly specify the borders of the �target area�for
which the assessment is made. In common CBA practice, these borders coincide
with national borders, but this might give unexpected results in a trans-national
boundary project with large regional impacts in both countries, like the Öresund
link.
In our case, the situation of connecting the two regional centres Malmö and

Copenhagen, will a¤ect both centres radically when business activities reorganise,
specialise and rationalise. At the same time, the relationship and development of
the hinterlands to the new �twin city�are likely to also be a¤ected. In order to
capture the overall e¤ect of the Öresund bridge investment, a closer examination of
the e¤ects on Eastern Scania and Zealand outside the metropolitan Copenhagen
area, could have been called for. There are even signs that there are regional
impacts even further away, as regional railway tra¢ c has extended its services to

19Factor mobility was not considered in Jara-Díaz (1986).
20Including marginal cost of taxes, subsidies and uncharged external costs, and assuming that

all external costs are expressed in monetary terms, i.e. environmental and health impacts, delays,
accidents, etc.
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Gothenburg, Blekinge and southern Småland.

4 Methods

This section brie�y describes the essential traits and di¢ culties of productivity
measurement and aggregation, related to papers I�III. The methods of papers
IV-V are described separately, in the end of the Conclusions, p. 27.

4.1 Measuring productivity

There are basically four approaches to productivity measurement, two parametric
and two non-parametric (Coelli, Rao, and Battese, 1998):

� parametric estimation of production or cost functions

� non-parametric residual analysis (growth accounting)

� frontier estimation

� non-parametric data envelopment analysis (DEA)

� parametric stochastic frontier estimation

In this thesis I am only concerned with the �rst two methods, the �rst one in
papers I and III, and the second in paper II.
In the case of one output, which is the one considered here, productivity is

measured 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
output per unit of input�, and therefore has a component related to the scale of
operations (output). Imagining that there exists a continuous production function
like in Figure 1; then maximum productivity is achieved when is equal to marginal
output (the two top rays from the origin in Figure 1). The two curved lines in the
�gure represent the two �frontiers� of the production technologies, representing
maximum possible output at times t and t + 1. Consider a �rm producing at
point A. The productivity of this �rm could increase in three ways: if input could
be reduced whith the same amount of output (a horisontal shift to the left), if
it approaches the production possibility frontier, or if the frontier shifts upwards
while the �rm keeps its relative distance to it.Changes in productivity are thus
composed of three terms: a change in scale of operations, i.e. horisontal movements
in the diagram; a change in technical e¢ ciency, which is the vertical relative
distance to the production possibility frontier; and in technical change, which is
the shift of the production frontier itself from t to t + 1 at all inputs. Technical
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Figure 1: Illustration of productivity, e¢ ciency and technical change.

e¢ ciency refers to the decision-making unit itself, while technical change is the
overall, or industry-speci�c, technological or managerial production improvements,
common to all �rms. The point A in the �gure is ine¢ cient with respect to both
technologies, as long as it is below the frontier.

4.1.1 Estimation

In the �rst three papers in this dissertation, the productivity of accessibility is
either estimated as a factor (Hicks) neutral technological shift to a cost or produc-
tion function (single equation estimation), related to the �rst bullet point above,
or as the residual from such a function, related to the second bullet point.
The code for paper I was adapted from the Ox panel data code (Doornik,

Arellano, and Bond, 2002), and for paper II it was also developed in Ox (Doornik,
2001). The Olley-Pakes method was developed in R (R Development Core Team,
2008).
The accessibility data was created by importing the car network from SAM-

PERS/Scania, one of the �ve regional Swedish travel demand models, into Tran-
sCad where travel times were calculated. These were combined with population
data in R. A MySQL database was used to collect all datasets.
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In the �rst two papers, a �exible (translog) functional form was used to take
account of non-constant returns to scale and cross-elasticities separate from �1
(as is the case with the simplest Cobb-Douglas case). In the third paper, because
of the more involved estimation technique, the simpler Cobb-Douglas was chosen
(as did Olley and Pakes themselves).
In the �rst two papers of the thesis, there is only cross-sectional variation in

accessibility, when production was analysed for the years 1990�98. This is due to
the early start of the project and the delay in the production of microdata from
Statistics Sweden. In �The impact of accessibility on cost: A microdata panel
approach�, a static translog cost function is estimated for 24 industries on the
two-digit SNI21 level, using pooled OLS, Within and Between transformed OLS,
generalised least squares (GLS) and iterated maximum likelihood (IMLE).
In the second paper, �Estimating the link between accessibility and produc-

tivity with propensity score matching�, a non-parametric quasi-experimental ap-
proach is applied, using matching on a propensity score. Problems of speci�cation
and a non-normal error distribution are thus avoided. The �rms are divided into
a �treatment group�(high accessibility) and a �control group�(low accessibility).
In this way, the performance of the �rms� their total factor productivity (TFP)�
is weighted by the probability to be in the treatment group (i.e., the propensity
score).
In the last of the papers treating the relationship between accessibility and

productivity, I use a dataset on �rms covering the opening of the �xed link, 1995�
2004, and two estimates of travel times and thus accesibl. I address the issues of
endogeneity of input choice, and selection bias of exit by using the method of Olley
and Pakes (1996). The sign and signi�cance of the two sources of endogeneity bias
are tested. Taking each one for itself, and thus disregarding interactions between
them, endogeneity of input choice important in all industries, while selection bias
is signi�cant only in some manufacturing industries. Taking them together in the
Olley-Pakes approach, however, interaction between them seems to reinforce their
e¤ect on the accessibility parameter. The results are sensitive to the speci�cation of
the barrier of trips across Öresund, so the robustness of the accessibility parameter
with respect to this speci�cation is also investigated.

5 Conclusions

5.1 Accessibility and productivity

In the �rst three papers, I attempt to estimate the dependence of cost or production
on an accessibility variable, expressing the �closeness� to both the labour force

21This is the Swedish equivalent of the NACE industry classi�cation
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and the �nal demand of households. This closeness is exhibiting a major shift
during the period of study, caused by the opening of the �xed link across Öresund
between Malmö and Copenhagen, and thereby opening up for the markets on
the Danish side (and vice versa� but this study is delimited to the e¤ects on the
Swedish side). Because of the nature of the formula of accessibility, this shift
is di¤erent in di¤erent parts of the study area, providing both a cross-section
and a time series variation to the regressions.22 The idea was thus to try to
estimate possible productivity gains from these di¤erential shifts in accessibility,
by means of disaggregated panel data and small geographical units of observation.
In earlier studies, it has been found that the elasticity of public capital on output
has decreased with the level of disaggregation�from country to state to county in
the U.S., for example� and the question investigated here is what happens at the
geographically most disaggregate level of the economy.
The initial aim was to contribute to the literature on the �public capital hy-

pothesis�, which considers the productivity e¤ects of public infrastructure capital
(Gramlich, 1994; Holtz-Eakin, 1994). As work has proceeded, it has become more
and more apparent that my representation of transport infrastructure by a mea-
sure of accessibility is more closely related the another literature, which considers
agglomeration externalities (Eberts and McMillen, 1999; Rosenthal and Strange,
2004). Although there are clear di¤erences in theoretical models, as to which hy-
potheses can be tested, how the independent infrastructure variable is measured,
and what conclusions can be drawn from the empirical exercises, this distinction
has not always been very clear. Ideally, as Eberts and McMillen (1999) point
out, econometric models should be based on both agglomeration (population) and
infrastructure capital variables, since they are interdependent, but this is very
di¢ cult in practice, mainly because of the di¢ culty to estimate the value of in-
frastructure capital in small geographical units, and their important spillovers to
adjacent units.23 One notable exception is Ciccone and Hall (1996).
On the two-digit industry level, there seems to be relatively robust, statisti-

cally signi�cant e¤ects of accessibility in the cross-section in the Construction and
Retail sectors, in Publishing and Printing, Chemical/Pharmaceutical and Rubber
and Plastics industries, while the evidence in Transport, Business services and
Education are more fragile and sometimes even negative. On the aggregate level,

22There is however an almost perfect correlation between the shift and the initial level of
accessibility, which is mostly due to the fact that the link is situated close to the most densely
populated node, but partly also due to the choice of impedance parameter (a higher parameter
in absolute value would have decreased the radius of in�uence, and provided a smaller shift in
the northern part of Scania).
23The value of transport infrastructure is not even geographically well-de�ned at high resolu-

tions: consider for example a road or railway, where the main value accrues to the entrances or
stations, and not to the space in-between.
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there are positive e¤ects in both Manufacturing (Goods), Services and All �rms.
In paper I there is some evidence of an e¤ect in areas with low accessibility for the
aggregate Manufacturing or Service sectors, but not for the pooled dataset (All
�rms). The results are somewhat sensitive to speci�cation, estimation method,
subsample choice and calculation of the barrier across Öresund. In both papers
I and III, tests for autocorrelation and heteroskedasticity strongly reject the null
hypotheses of no such e¤ects.
In paper II, the hypothesis tested is whether the �average treatment e¤ect on

the treated�(ATT), i.e. �rm productivity or e¢ ciency in high-accessibility loca-
tions compared to their productivity or e¢ ciency in low-accessibility locations, is
signi�cantly di¤erent from zero. The results show no e¤ect of the high accessibility-
treatment on productivity; neither on any branch level, nor on the pooled dataset.
Alternative dependent variables are also tested: an individual e¢ ciency indicator
(the ��xed e¤ect�itself) and a Törnqvist index of productivity change, with the
same result. Since this method, propensity score matching, is sensitive to which
variables are used for conditioning (i.e. used to calculate the score), these results
could be the e¤ect of omitted variables. The estimate of the ��xed e¤ect�is not
consistent in short panels, the productivity index is unfortunately not transitive
in multilateral comparisons24, and also dependent on the assumption of constant
returns to scale; all these factors could have a¤ected the result.
Despite the results in paper II, it is concluded that accessibility matters for the

spatial distribution of �rms: �rms have slightly higher productivity in locations
with higher accessibility, which is probably due to spatial selection. In paper III,
however, I �nd no correlation between the �ve-year changes in accessibility, that
are essentially the result of the opening of the Öresund link, and �ve-year changes
in the e¢ ciency aggregates.
One explanation to this result could be that bene�ts are transfered to con-

sumers through lower prices and/or higher quality, which are not detectable in
output data but which increase consumer surplus. If these undetected consumer
bene�ts, by speculation, were more pronounced in locations with higher accessibil-
ity than in locations with lower accessibility, we would draw the wrong conclusion
from this result. Another explanation could be o¤ered by the theoretical di¢ culties
around how the e¢ ciency indicators should be aggregated into geographical units.
Yet other explanations could of course be speci�cation error and mismeasurement,
or a too short observation period. If these explanations do not hold, there are
in fact no agglomeration e¤ects on the micro level performance of �rms, and the
e¢ ciency gains supported by theory have to be sought for elsewhere; perhaps in

24Transitivity means consistent in comparisons: if A > B and B > C, then A > C should also
hold. This is however not generally satis�ed in productivity comparisons, because of the di¤erent
factor shares of di¤erent units. There are certain methods to deal with this by recalculation of
the indices, but I had not taken them into account at the time.
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the industrial reallocation of inputs; or in the large, multi-plant �rms that are not
part of this dataset.
A re�ection that could be made is that the single-equation production function

speci�cation su¤ers from too little theoretical structure, since it only re�ects a
technical relation at best; and the cost function, while partly re�ecting the opti-
mising behaviour of the �rm, the demand side is still lacking. Too little structure
in the econometric model negatively a¤ects the identi�cation of parameters. A
cure for this could be to also include the demand side in the econometric model,
and to allow for optimising behaviour of �rms through cost and/or factor demand
equations in a structural equations framework.25

Despite these di¢ culties, the microlevel approach provides an interesting al-
ternative to the aggregate production function, and many new models could be
developed for agglomeration and/or infrastructure analysis. The new approach
also introduces new problems, like selection bias of entry and exit, large disper-
sion, outliers, and new measurement errors. Possible new avenues of research could
be structural equations modelling (SEM), the analysis of stochastic point pattern
processes with spatial dependencies, or bayesian approaches like conditional au-
toregression (CAR).

6 Discussion

6.1 Accessibility and productivity

The productivity e¤ects of infrastructure as measured by single-equation produc-
tion or cost functions have gained an enormous interest during the last two decades,
and it has been suggested that the bene�ts of travel-time reductions in standard
cost-bene�t analyses (CBA) do not fully capture these productivity e¤ects. How-
ever, there are several problems with this single-equation approach, even if there
could be established a robust, positive, causal relationship between infrastructure
or accessibility and productivity.
The �rst and simplest problem relates to what bene�ts are already measured

by the travel-time reductions. If travel demand is correctly predicted, and markets
are reasonably competitive, then no extra gains are to be expected except these
travel-time reductions. Reallocations in the labour and land markets, within �rms
and industries, are only pecuniary transfers between economic agents and should
not be considered when the Hicks-Kaldor e¢ ciency criterium is used. There is

25For example, the production function approach employed in paper III is a purely technical
relationship of the transformation of inputs into output. No allowance is made for di¤erential
valuations (shadow prices) of infrastructure, or other inputs for that matter, capacity utilisation,
etc. between �rms.
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both theoretical and empirical evidence on agglomeration externalities, caused by
economies of scale and scope, which could contribute on the margin, but they
are orders of magnitude smaller than the direct bene�ts, and therefore almost
impossible to measure with our short datasets. However, in the long run they
will be important, because of cumulative causation and the longevity of structures
(buildings, roads and railways).

On the other hand it could be discussed what social welfare function should
be used, for example if it should include regional or �nancial equity, the welfare
of other, less developed nations, or future, unborn generations. In standard cost-
bene�t analysis (CBA), using the Hicks-Kaldor criterium, the e¤ects on equality
are deferred to the political system. With a more and more interconnected (�glob-
alised�) world, the question arises as to which �government�should take decisions
that last for the next 100 years (or more, through cumulative causation).

The second problem relates to the permanence of infrastructures, which causes
problems for a proper econometric treatment, mainly due to the lack of indepen-
dent control variables�instruments�su¢ ciently distant in time (100 years ago or
more).

The third problem is related to the non-random assignment of infrastructure.
It is usually built as a response to demand, and the demand is expressed more
strongly by groups (power cliques) that have the largest interests vested in them.
Especially, demand is concentrated to areas with more population, e.g. existing
agglomerations, metropolitan areas and capitals. This is a problem both for esti-
mation and for the generalisation of results.

Fourth, results from this kind of regressions are easily interpreted as more gen-
eral than they really are� as �laws�. A positive result will thus have repercussions
on future decision-makers, and tend to get self-reinforcing.

Besides these problems, inference in a regression that covers 10 years is not very
useful for prediction, i.e. a correlation between two economic variables does not
imply a causal relationship, especially not in the aggregate, in all circumstances,
levels of development, corruption of government etc.

Financing of the infrastructure is the other side of the coin, that is not treated in
the traditional cost function/production function estimation approach. In CBA,
all tax-�nanced costs are in�ated by the excess burden of taxes: the marginal
cost of public funds (MCPF). But this procedure does not take into account the
restrictive e¤ects that are already present in the data-generation process, which
should be included already in the estimation. There are more complete economic
models of growth with public funds that do capture this connection, but they are
part of a completely di¤erent literature, and only on the very aggregate macro
level (nations).
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6.1.1 Econometric estimation

When this work started, the micro-data approach to estimating infrastructure
productivity was new and untested, and to my knowledge there is still no work
trying to explain productivity e¤ects of investments in infrastructure using micro-
level data. The reason is of course that it is impossible to de�ne the value of
the infrastructure stock on a �ne-grained geographical level. My solution to this
problem was to use the accessibility concept instead, which however later turned
out to be more related to another tradition in the literature; the estimation of
�agglomeration economies�(Rosenthal and Strange, 2004).
Choosing a single-equation estimation strategy is of course very restrictive. The

economy not only consists of production, but is an interplay between production
and consumption, i.e. supply and demand, and demand of semi-�nished goods used
as intermediate inputs. It is commonly known that estimation of single equations,
for example by leaving out the demand equation, leads to so-called simultaneous
equations bias (Haavelmo, 1943; Marschak and Andrews, 1944).
Gorodnichenko (2007) reviews most of the common estimators of panel data,

and �nds that none of them is appropriate for determining the coe¢ cients of
production and returns to scale. First of all, since output is measured in terms
of revenue, the coe¢ cients do not express the technical coe¢ cients of production,
but the coe¢ cients of the revenue function. Second, he shows that these common
estimators do not address one or more of three important issues. Either

� they ignore heterogeneity and endogeneity in factor/product prices, or

� assume perfect elasticity of factor supply curves, or

� neglect the restrictions imposed by pro�t maximization (cost minimization).
The latter issue leads to inconsistent or poorly identi�ed estimators. Nadiri

and Mamuneas (1998) make a similar point when they criticise the use of the
production function, which is a purely technical relationship, instead of the cost or
pro�t functions, which explicitly take the �rms�optimising behaviour into account.
Further, they note that most studies do not impose su¢ cient �structure�on the
data, meaning that all available information about the data generation process
should be utilised, and they suggest that the �marginal productivity conditions
should be estimated jointly with the production function�. Failing to do this, they
argue, will lead to seriously biased parameter estimates and could be one reason
behind the wide spread of the estimates found in the literature.
Gorodnichenko (2007) derives the following relationship between returns to

scale (RTS), mark-up of output price over marginal cost, pro�t share and factor
elasticity:

� =


�
= (1� s�) � �
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where � is returns to scale in the revenue function,  returns to scale in the
production function, � is the mark-up, s� the share of pro�t in revenue, and �
is the input factor elasticity 26. The formula above shows that constant returns
to scale in the revenue function is reconcilable with a) increasing returns so scale
and a mark-up over marginal cost � > 1, b) a positive pro�t, if the input factor
elasticity � > 1, i.e. it is increasingly costly to, for example, hire more personnel
(e.g. by overtime compensation, or di¢ culty to �nd the right competence). The
formula also shows why the estimated RTS � is biased towards 1 as soon as �rms
optimising behaviour is taken inte account27.

Gorodnichenko then proposes a structural equations (covariance) estimator,
that also takes account of serially correlated measurement errors, and is able to
estimate � and � (but not  or �) for a balanced panel dataset. His results for
this particular dataset indicate that � and � are both greater than 1, and that the
measurement errors are an important part of the total errors. If it is possible to
impose even more structure, and one more parameter� the demand elasticity� , it
might be possible to estimate � (and subsequently, ), too. On unbalanced data,
estimates of the survival probability should also be included.

The idea of an upward-sloping factor supply curve and search frictions are
intriguing in a regional productivity context, where productivity is assumed to
depend on the accessibility to the workforce. An introduction of a transport-
enhancing project would then amount to reducing the gap between the marginal
cost of hiring experienced by the �rm and the supply elasticity of the workforce,
by a smaller search friction. An alternative approach to evaluate the impact of
an enlarged labour market would then be to estimate � on data before and after
the introduction of a large infrastructure project, and perform a statistical test
of the di¤erence of the estimates. On the other hand, it could be argued that
assuming � = 1 will just move any possible dependence on the accessibility to the
residual (our measure of technical e¢ ciency), in which case our method is equally
appropriate.

26For example, if the wage rate is w (L) = w0L��1, labour supply is L =
�
w
w0

� 1
��1
. When �

approaches 1, labour supply will be 0 if the wage is below the reservation wage w0, and in�nite
if it is above (i.e., perfectly elastic). In the presence of search frictions, the marginal factor cost
for the �rm could be higher than the one implied by the supply elasticity, such that � could have
a di¤erent value for the �rms and for the workers. In virtually all applications, � is implicitly
assumed equal to 1.
27In the context of the Cobb-Douglas functional form, and using a di¤erent argument, this

was also shown by Hoch (1958).
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6.1.2 The problem of aggregation

A lot of papers have been published with estimates of �rm-level productivity the
last 20 years or so (Bartelsman and Doms, 2000). The access to micro-data has
made possible formerly inconceivable analyses of economic dynamics and industrial
organisation. For example, it is possible to disentangle productivity e¤ects into the
e¤ects of entrants, incumbents and exiters, and in shifts due to average internal
productivity changes in the �rms of an industry, and shifts due to reallocation of
production within the same industry (e.g. , from less productive to more productive
�rms, or vice versa) (see e.g. Foster, Haltiwanger, and Krizan, 1998). None of these
studies however take space and transport costs into account.
In paper III, I use the residuals from the projected estimated production func-

tions in order to assess the geographic signi�cance of accessibility for productivity,
i.e., I want to calculate a correlation between the two. For this to be possible, the
productivity residuals have to be aggregated from the disaggregate �rm level to the
level where the accessibility is calculated, i.e., the most disaggregate geographical
level, the small market areas (SAMS) zones.
In the process of aggregation of productivity, several di¢ cult issues arise:

� Due to its approximative nature with regard to inputs, the measure of pro-
ductive e¢ ciency might be intransitive, i.e. due to di¤erent input mixes
(input cost shares), the productivity of separate �rms or zones might not be
comparable;

� Aggregation in economy also puts very restrictive assumptions on the func-
tional forms used; according to Nataf�s theorem, these functional forms must
be additively separable for consistent aggregation (van Daal and Merkies,
1981). It is therefore unlikely that macro production theory is applicable
without modi�cation on micro-data, small geographic markets, and positive
transport costs. Another question which comes up is how much of produc-
tivity (or �technical change�) is disembodied, as it is usually modelled (also
in this thesis), or embodied in physical and human capital. This question
gave rise to the �embodiment controversy�(Hercowitz, 1998) and is treated
by Hulten (1992) and Oulton (2004), among others.

� Since �rms to a large extent trade with each other, using other �rms�out-
put as intermediate inputs and investments, their productive e¢ ciency will
a¤ect each other in the production chain. As a subcontractor becomes more
e¢ cient, it can lower prices which is bene�cial for the �rm using its output
as (part of) input.

� This is normally re�ected via Domar weights. When aggregating the produc-
tivity Residuals of industries in a sector, the Residual (Domar used capital
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R) of each industry should be weighted by the �ratio of the value of the
output of its industry to the value of the �nal product of the sector�(Domar,
1961, p. 719), whose sum exceeds 1. For this we need data on the share of
the sectoral output that is used as input in one of its own industries. In the
case of industrial aggregation, the �nal product of the sector can often be
approximated by its value added, and the weights by the component gross
output divided by this aggregate value added Hulten (1978).

� To aggregate productivity across small spatial units, however, becomes much
more complicated. In this case, apart from knowing the share of output from
the industry which is used as input, we need it also on the zonal level; in
each zone we need to know how much of its production is used inside it and
how much is exported, in order to correctly aggregate its productivity.

In addition, one must re�ect upon what it is that is actually achieved when
productivity estimates are aggregated like this. The use of aggregate production
functions, especially in the Cobb-Douglas form, has been severly criticised by
Fisher (1969) and Felipe and Fisher (2003), for example. One of the reasons
is that there is in general no correspondence between �rm-level optimisation and
optimal allocation of production factors (e.g. capital) in the aggregate.
In our case, we would like to establish a correlation between productivity, which

is the di¤erence between aggregate production and an index of aggregate inputs,
and a spatial variable, accessibility; but this is perhaps useless because the under-
lying causal relationships of e.g. �creative destruction� and embodied technical
change are so much more complex. Any outcome from such a correlation exercise
might thus be meaningless, and will not have any intelligible policy implications.
At best, it will just be �a correlation�without any causal implications.

6.2 Validation of transport models

This paper, �Modelling cross-border transport in Öresund: Scenario assumptions,
model results and a before-and-after database�, is a survey of three transport
models that have been or can be used for the forecast of the tra¢ c across the
Öresund Strait. Transport models, and transport/land-use interaction models,
are important decision support tools for large-scale infrastructure investments,
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 following
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 speci�c transport demand, which is based partly on socio-economic
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(demand) factors and partly on the supply of transport facilities (infrastructure),
a number of scenarios of the future socio-economic development must be set up,
called the scenario assumptions. Three di¤erent transport models are presented:
FREDRIK/SSV, COMVIN and SAMPERS/Scania, out of which the �rst two have
been used to model the transport across Öresund. COMVIN was used by the Øre-
sund Consortium until February, 2003. Model structure and scenario assumptions
are considered in order to identify the key sources of uncertainties, and to prepare
for external validation. External validation could be carried out by estimating
the true model error versus the error caused by incorrect scenario assumptions
(Lundqvist, 2001). Furthermore, I outline the contents of a before-and-after data-
base to be used for the external validation of models of the interaction of transport,
land-use and the environment in Öresund.

6.3 Road network vulnerability

The reliability and vulnerability of critical infrastructures have attracted a lot
of attention in recent years (e.g. Jenelius, 2010). In order to assess these issues
quantitatively, operational measures are needed. Such measures can also be used
as guidance to road administrations in their prioritisation of maintenance and
repair of roads, as well as for avoiding causing unnecessary disturbances in the
planning of roadwork. The concepts of link importance and site exposure are
introduced. In this paper, written together with Erik Jenelius and Lars-Göran
Mattsson, several indices of link importance and site exposure are derived, based on
the increase in generalised travel cost when links are closed. In the calculations of
site exposure, two scenarios for the closure of links are considered: �worst case�(the
most important link is closed) and �random failure�. The measures are divided into
two groups: one re�ecting an �equal opportunities perspective�, and the other a
�social e¢ ciency perspective�. The measures are calculated for the road network of
northern Sweden. Results are collected in a GIS for visualisation, and are presented
per link and municipality. In view of the recent great interest in complex networks,
some topological measures of the road network are also presented.
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