Els Opuscles del CREi

neW
num. 46

December 2019

Optimal Transport
Networks in Spatial
Equilibrium

Edouard Schaal

—

CREi

Centre de Recerca
en Economia Internacional




The Centre de Recerca en Economia Internacional O < 1 T

(CRED is a research centre sponsored by the ptlma r ansport
Universitat Pompeu Fabra (UPF) and the Generalitat
de Catalunya. It is located at the Ciutadella campus

of the UPF in Barcelona.

CREi’s objective is to promote research in
international economics and macroeconomics
subject to the highest standards of academic
scholarship.

Els Opuscles del CREi are the instruments for the
diffusion of CREi’s research beyond the academic
world. Each Opuscle, aimed at a general public,
gathers together conclusions and observations of
specialized papers published, or about to be
published, in professional journals. The opinions
stated in Els Opuscles del CRE( are the sole
responsibility of the authors.

Pdf version of this Opuscle and all the others
Opuscles del CREi can be downloaded at:
www.crei.cat/opuscles.

Editorial Board
Alberto Martin (editor)
Jordi Gali

Teresa Garcia-Mila
Jaume Ventura

Published by: CREi

Universitat Pompeu Fabra

Ramon Trias Fargas, 25-27 - 08005 Barcelona
Tel. 93 542 26 68

© CREi, 2019

© of this edition: Edouard Schaal

Design: Fons Grafic

ISSN: 2604-2266

Network in Spatial
Equilibrium’!

Edouard Schaal

Every year, the world economy invests a large amount of resources in trans-
port infrastructure. Governments dedicate about 6% of their budget to that
goal, and 20% of the World Bank’s annual spending is devoted to infrastruc-
ture. These projects include medium and long-distance transport corridors
across cities within and between countries, as well as urban transport invest-
ments within cities. How should they be allocated to maximize social welfare?

Any answer to this question must consider that an investment in a link of
a transport network does not only affect outcomes between the connected
places, but also leads to indirect effects across the economy through the re-
allocation of economic activity, trade flows, commuting flows, workers, and
other investments. Existing models of infrastructure planning usually rely on
cost-benefit calculations that compare estimates of time savings for users to
building and maintenance costs along with potential external costs (e.g., pol-
lution, noise, traffic congestion). The broader macroeconomic and regional
impact of infrastructure investments are, however, often ignored in these cal-
culations.

Embedding these indirect effects in a general-equilibrium economic model
that can be used to optimally design the allocation of transport investments
is challenging. Ideally, such a model must be able to match spatial data to
be used for realistic quantification, further complicating the task. A first com-
plication is the dimension of the problem: when looking at actual transport
networks, the set of all possible investment choices is very large, making it
infeasible in realistic applications. A second challenge arises from interactions
with other sectors of the economy and locations: improving or creating a link
in a transport network changes the returns to investments in other links.



A new theoretical framework

In Fajgelbaum and Schaal (2019), we develop and apply a new theoretical
framework that allows for the characterization of optimal transport networks
in a spatial equilibrium model that captures many of the previously mentioned
indirect effects. The point of departure for the framework is an economy with
multiple goods, factors, and locations where labor can be mobile across re-
gions. Locations are arranged on a graph (i.e., a set of nodes connected by
links) and goods can only be shipped through connected locations subject to
transport costs that depend both on congestion and on the quality of infra-
structure in each link. We solve the problem of a planning authority that must
allocate infrastructure investments across links representing various roads and
transport corridors. Despite the large number of dimensions considered in the
framework, the model remains tractable through the use of various techniques
from operations research and optimal transport theory in mathematics.

The framework has enough flexibility to be matched to real-world data and
then used to evaluate the efficiency of the existing transport networks. We esti-
mate the model on the current road network across 24 European countries. The
model economies are able to fit the distribution of GDP and population across
locations and are consistent with the observed patterns of trade across regions.

Application to Europe

We use the model to ask where new infrastructure investments should be placed
if a planning authority could invest to improve the current road network. Using
information on the actual shape of road networks and on the spatial distribution
of population and income, the model identifies links with under-investment.
Figure 1 shows the results in the cases of France and Spain. The thickness and
brightness indicate the amount of infrastructure investments a given link should
receive. In both cases, the model suggests a pattern of investments that, on the
one hand, tends to radiate from areas with a higher density of economic activ-
ity and, on the other hand, seeks to connect these various economic centers
together. In the case of France, the suggested pattern of investment is more
centered around Paris, while it appears more dispersed in the case of Spain.
Improving the connections between regional centers is often recommended,
but not automatically so. For instance, the model suggests expanding the corri-
dors between Barcelona and Valencia, or Barcelona and Bilbao, less than the
already well developed connection between Barcelona and Madrid.

Figure 1. Optimal location of new infrastructure investments in France and Spain.




Delving further into the predictions of the model across the 24 countries,
we find that the optimal allocation of new infrastructure is often directed to-
wards locations with a higher density of population, a higher GDP per capita,
a higher share of income in the tradable sector and a relatively deficient cur-
rent level of infrastructure. In response to receiving infrastructure investments,
we find that highly productive regions already specializing in the tradable
sector grow even further. Other regions on the receiving end of these infra-
structure investments increase their consumption of trading commodities but
specialize further in the nontradable sector. Our model implies, however, that
these few observables can only explain about 20% of the optimal investments.
The reminder depends on the network structure of the economy accounted
for by the model. We find that the optimal investments typically reduce re-
gional inequalities, because they reduce the price of consumption of trada-
bles in places where tradables are relatively scarce, leading to movements of
people to those locations.

Turning to the European level, Figure 2 compares the patterns of infrastruc-
ture investments suggested by our model for a subset of European countries to
the Trans-European Transport Network (TEN-T). The TEN-T is a core network
of strategic importance that defines the priorities of the European Commission
for future infrastructure investments. The comparison suggests a broad overlap
between the purely economic motives captured by the model and those of the
European Union.

Efficiency of existing networks

The previous analysis asked how new investments should be allocated. A
different question is: how efficient are existing road networks? Infrastructure
development is often the subject of heated public debates, including intense
lobbying from competing authorities, organizations and the private sector.
An extensive literature dating at least to Flatters et al. (1974) and Gordon
(1983) studies how fiscal competition between local authorities may lead to
inefficiencies in the allocation of public expenditure. Glaeser and Ponzetto
(2018) show how political motives may distort transportation investments. By
comparing the existing network to the optimal one suggested by our model
in a case where the planning authority could reshuffle infrastructure resources
at will, we can quantify the amount of inefficiencies in the existing European
road network. Our results suggest that the misallocation of infrastructure can
be quite substantial with welfare losses averaging about 1.6% of total con-
sumption across the countries we consider. Our analysis suggests no clear

Figure 2. EU’s current infrastructure projects vs model.
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connection between misallocation and country size or income. Some Eastern
European countries such as Georgia, Lithuania or Latvia appear with relatively
high misallocation, but so do Denmark, France or Spain. Belgium and Lux-
embourg appear as the countries with the least misallocation in infrastructure.

Conclusion

Our work offers a new theoretical and quantitative framework that can be
used to design infrastructure projects taking into account their broader macro-
economic impact. The model is rich yet tractable and we illustrate its applica-
tion to the European road network.

Our analysis can be extended along several directions. We currently do not
investigate the source of infrastructure misallocation in relation to political fric-
tions. The model currently abstracts from dynamic considerations such as the
persistence in transport networks. The interaction of infrastructure networks
with agglomeration or congestion externalities in other sectors of the econo-
my, commuting, or applications to developing economies are all avenues to
pursue in future research.

Notes

(1) This opuscle describes ongoing research

Jfrom the article Fajgelbaum and Schaal

(2019). The authors acknowledge financial
support from the European Research Council
(Starting Grant 804095), the Spanish Ministry
of Economy and Competitiveness, through

the Severo Ochoa Programme for Centres of
Excellence in R&ED (SEV-2015-0563) and the
Barcelona GSE (Grant SG-2017-07).

References

Fajgelbaum, P. D. and E. Schaal (2019),
“Optimal transport networks in spatial
equilibrium”, forthcoming in Econometrica.

Flatters, F., V. Henderson and P. Mieszkowski
(1974), “Public goods, efficiency, and
regional fiscal equalization”, Journal of Public
Economics, 3 (2), 99-112.

Glaeser, E. L. and G. A. M. Ponzetto (2018),
“The political economy of transportation
investment”, Economics of Transportation, 13,

4-26.

Gordon, R. H. (1983), “An optimal taxation
approach to fiscal federalism”, The Quarterly
Journal of Economics, 98 (4), 567-586.



Opuscles already published

10.

1.

12.

13.

. Reconsidering Spanish

unemployment
Ramon Marimon (June 97)

. Reducing unemployment.

At any cost?
Fabrizio Zilibotti (December 97)

. Capital and labor taxes,

macroeconomic activity,
and redistribution
Albert Marcet (November 98)

. The lender of last resort in

today’s financial environment
Xavier Freixas (November 99)

. Why does the public sector

grow? The role of economic
development, trade

and democracy

Carles Boix (November 99)

. Gerontocracy and social security

Xavier Sala-i-Martin (July 2000)

. The political viability

of labour market reform
Gilles Saint-Paul (December 2000)

. Are EU policies fostering growth

and reducing regional
inequalities?
Fabio Canova (May 2001)

. Agglomeration effects in Europe

and the USA
Antonio Ciccone (September 2001)

Economic polarization in the
Mediterranean basin
Joan Esteban (May 2002)

How do households invest
their wealth?
Miquel Faig (October 2002)

Macroeconomic and
distributional effects
of social security
Luisa Fuster (April 2003)

Educating intuition:

A challenge for the 21st century
Robin M. Hogarth (September 2003)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

Capital controls in post-war
Europe
Hans-Joachim Voth (April 2004)

Taxation of financial
intermediaries
Ramon Caminal (September 2004)

Ready to take risks?
Experimental evidence on risk
aversion and attraction

Antoni Bosch-Doménech /
Joaquim Silvestre i Benach

(November 2005)

Social networks and labour
market outcomes
Antoni Calvé-Armengol (January 2006)

The effects of employment
protection in Europe

and the USA

Adriana D. Kugler (February 2007)

Urban sprawl:
Causes and consequences
Diego Puga (January 2008)

Western European long term
growth, 1830-2000:

Facts and issues

Albert Carreras and Xavier Tafunell

(June 2008)

Overcoming coordination failure
in firms and organizations:
Experimental evidence

Jordi Brandts (March 2009)

The misallocation of talent

José V. Rodriguez Mora (May 2009)
Complementarities in innovation
strategy and the link to science
Bruno Cassiman (September 2009)

Simple mechanisms to resolve
conflicting interests

and to share the gains

David Pérez-Castrillo (November 2009)

Transfer of university
innovations
Inés Macho-Stadler (January 2010)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Firing costs, dismissal conflicts
and labour market outcomes
Maia Giiell (June 2010)

Inequality and tax progressivity
Juan Carlos Conesa (October 2010)

Happiness economics
Ada Ferrer-i-Carbonell (May 2011)

School choice in Spain: Theory
and evidence
Caterina Calsamiglia (September 2011)

Corporate social responsibility
and social welfare. How to
promote socially responsible
business strategies

Juan-José Ganuza (March 2012)

The effectiveness of foreign aid:
From the macroeconomic
perspective to the experimental
evaluation

José G. Montalvo / Marta Reynal-Querol
(June2012)

Fiscal policy in the European
Monetary Union

Evi Pappa (September 2012)

How important are capital
markets Imperfections

in determining firm decisions
and aggregate fluctuations?
Andrea Caggese (November 2012)

Globalization, technology
and inequality
Gino Gancia (April 2013)

Credit cycles and systemic risk
José-Luis Peydro (December 2013)

The labour market impact
of immigration
Albrecht Glitz (June 2014)

Density forecasts in economics
and policymaking
Barbara Rossi (September 2014)

Local labor markets
Jan Eeckhout (December 2014)

Globalization and aggregate
fluctuations:

The role of international trade
and large firms

Julian di Giovanni (February 2015)

40.

41.

42,

43.

(7

45,

46.

The social effects of divorce laws
Libertad Gonzalez (June 2015)

Why do people buy private
health insurance in the presence
of a public option?

Pau Olivella (July 2016)

Health interventions in low
income countries: A (not so)

low hanging fruit?

Alessandro Tarozzi (October 2016)

Media failures and media
markets
Fabrizio Germano (January 2017)

Mass media and its influence
on behaviour

Ruben Enikolopov and Maria Petrova
(December 2017)

Measures of rationality

and welfare for behavioural
decision-makers

Jose Apesteguia (July 2018)

Optimal transport network
in spatial equilibrium
Edouard Schaal (December 2019)




Edouard Schaal

Received his Ph.D. in Economics at Princeton University in
2011. He currently is a Researcher at the Centre de Recerca en
Economia Internacional (CRED, Adjunct Professor at Universitat
Pompeu Fabra (UPF), and Affiliated Professor at the Barcelona
GSE. He is also a Research Affiliate of the Center for Economic
Policy Research (CEPR). Previously, he was an assistant
professor at New York University and a junior researcher at the
United States Federal Reserve Bank of Minneapolis.

His research interests include macroeconomics, with a
particular focus on the role of labor market imperfections and
informational frictions on the business cycle, and economic
geography. His work has been published in Econometrica
and the Quarterly Journal of Economics. He is associate editor
of the Economic Journal and editorial board member of the
Review of Economic Studies.

ey
—
CREi"”
Centre de Recerca e U @
en Economia Internacional

Ramon Trias Fargas, 25-27 - 08005 Barcelona
Tel: 93 542 26 68

E-mail: crei@crei.cat

http://www.crei.cat

Universitat — )
Pompeu Fabra Generalitat
Barcelona Y de Catalunya




