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This study investigates the determining factors of railway expansion in nineteenth-cen-
tury Spain, a period characterised by limited political interference in route planning but
substantial public subsidies for construction. For the analysis, we developed a new data-
set on municipal railway access from 1848 to 1910 and used Cox regression to assess
the key factors influencing network development. The results show that economic cri-
teria prevailed until 1877. From then on, the focus shifted to political and administrative
interests, but without abandoning the economic interest. This finding nuances the inter-
pretation of railway expansion in Spain as primarily driven by political and nation-building
goals, showing instead a dynamic interaction between economic and administrative pri-

orities over time.
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Introduction

The spatial allocation of investment in infrastructure is among the most prominent chal-
lenges in the planning and development of transportation networks. This type of decision
often depends on a fundamental trade-off between efficiency and equity.'
Efficiency-oriented policies prioritise investment in regions with high income and mar-
ginal productivity, aiming to maximise economic returns. In contrast, equity-focussed
policies target lagging areas to reduce interregional and social disparities, improve
access to basic services, and promote new economic opportunities. Undoubtedly,
beyond economic considerations, other factors can also shape network expansion, includ-
ing strategic defence needs,” the pursuit of cultural uniformity” and the extension of
central administrative control.*

In the nineteenth century, the expansion of railways in the United Kingdom was driven
by economic and commercial interests, as a rapidly growing population and urbanisation
revealed the limitations of existing transport technologies, such as canals and animal-
drawn carts. The first long-distance line, the Liverpool and Manchester Railway,
opened in 1830, linking two major trading centres and facilitating the movement of
people and staples such as cotton and coal. This success fuelled rapid growth across
the United Kingdom as private companies recognised the profit potential of this new tech-
nology. In the 1830s, several companies began building lines to connect major cities with
ports and navigable canals.’ These early successes inspired many local companies to
build further lines based on commercial interests and profit motives, with a very
limited role for the state.®

' Antoni Castells and Albert Solé-Ollé, “The Regional Allocation of Infrastructure Investment: The Role of

Equity, Efficiency and Political Factors”, European Economic Review 49:5 (2005), 1165-205. Muhammad
Majeed, Xianzhi Zhang, and Muhammad Umar, “Impact of Investment Efficiency on Cost of Equity: Evidence
from China”, Journal of Asia Business Studies 12:1 (2018), 44-59. Norihiko Yamano and Toru Ohkawara, “The
Regional Allocation of Public Investment: Efficiency or Equity?”, Journal of Regional Science 40:2 (2000),
205-29.

2 Dennis Showalter, Railroads and Rifles: Soldiers, Technology, and the Unification of Germany (Hamden:
Archon Books, 1975).

3 Greet De Block, “Designing the Nation. The Belgian Railway Project, 1830-1837", Technology and Culture
52:4 (2011), 703-32.

4 David Le Bris, “Les grand travaux du plan Freycinet: de la subvention a la dépression?” [The large public
works of the Freycinet plan: from subvention to depression?], Entreprises et Histoire 69 (2012), 8-26.

5 Stuart Hylton, The Grand Experiment: The Birth of the Railway Age, 1820—1845 (Hersham: Ian Allan,
2007).

® Mark Casson, The World's First Railway System: Enterprise, Competition, and Regulation on the Railway
Network in Victorian Britain (Oxford: Oxford University Press, 2009). Rui Esteves and Gabriel Geisler, “Private
Benefits, Public Vices: Railways and Logrolling in the Nineteenth-Century British Parliament”, The Journal of
Economic History 81:4 (2021), 975-1014.
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In contrast to the United Kingdom, Sweden’s rail network was built mainly under state
control, with a strategic focus on major trunk lines connecting Stockholm with Norway
and major cities in the west and south, following the shortest routes to ensure efficiency
and minimise construction costs. However, the planning process went beyond mere con-
nectivity. Military considerations strongly influenced the routes, with lines being routed
inland to reduce vulnerability to invasion. The state also sought to minimise competition
with existing transport infrastructure, such as canals and other established routes, and to
avoid overlap with alternative modes of transport. As a result, the main lines crossed
many rural, previously isolated regions — not by chance, but as part of a broader
vision. As Heckscher notes, Ericson, a key figure in this effort, saw the railways as a
tool to “stimulate economic development in those parts of the country which, through
the absence of communications, had been left behind”.” Thus, while military security
was a primary motive, railway policy also aimed to integrate and uplift underdeveloped
areas, balancing strategic imperatives with economic progress in those regions.

The French and Portuguese cases are also of particular interest because, as in Spain,
private initiative and local investors proved incapable of developing a national-scale
network. Recognising the need to create a national network, the French state assumed
responsibility for planning the railway network in the 1830s, culminating in the adoption
of the first railway law in 1842. A key feature of this law was the introduction of a subsidy
system that guaranteed investors a minimum return of 4 to 5 per cent on their capital.®
This legislation also laid the foundation for the French system, connecting Paris to the
main regions, adopting the star design proposed by Alexis Legrand in 1838.° The
subsidy system it introduced reflects the dual nature of the factors driving railway expan-
sion in France: economic incentives encouraged private investment, while state planning
ensured the network’s alignment with broader administrative and nation-building goals.
Rather than being contradictory, these motivations were complementary, as linking Paris
to the rest of the country was both an economic necessity and a logical step in strengthen-
ing national cohesion. This mixed model proved highly effective. By the mid-1850s,
France had constructed approximately 5,000 km of new railway lines, connecting the
capital to other vital economic, administrative and strategic centres.'®

In a similar way, the Portuguese state played an important, though less centralised and
systematic, role in planning its railway network, albeit later than France.'' After failed

7 Eli F. Heckscher and Gunnar Heckscher, An Economic History of Sweden (Cambridge: Harvard University

Press, 1954), 241.

Georges Ribeill, La révolution ferroviaire: La formation des compagnies de chemins de fer en France
(1823-1870) [The railway revolution: The formation of the railway companies in France (1823-1870)] (Paris:
Belin, 1993).

o Frangois Caron, Histoire des chemins de fer en France [History of railways in France] (Paris: Fayard, 1997),
vol. L.

10" Michele Merger, “Los ferrocarriles franceses desde sus origenes a nuestros dias: evolucién del marco
juridico e institucional” [The French railways from its origins to our present day: evolution of the legal and
institutional framework], in Siglo y medio del ferrocarril en Esparia, 1848—1998: Economia, industria y soci-
edad (Madrid: Fundacién de los Ferrocarriles Espaiioles, 1999), 65-80.

""" Hugo Pereira, “A legislaco ferrovidria portuguesa (1845-1892)” [The Portuguese railway legislation
(1845-1892)], Revista da Faculdade de Letras. Historia 8:1 (2018), 199-218.
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initiatives in the 1840s, a coherent strategy emerged in the early 1850s, combining state
planning with economic incentives to attract private capital. The network was designed
with an international outlook: Portugal adopted the Iberian gauge (1,668 mm) and priori-
tised linking Lisbon to the Spanish system and other key regions such as Porto through
three main lines'” — to Elvas on the border, to the Douro in the north, and to Beja in the
south.'® By 1864, Portugal had established a basic network of nearly 700 km, integrating
its most developed regions and securing its first cross-border connection.

In Spain, railway development was initially based on private initiative, with the first
lines focusing on local connections. However, this approach quickly revealed insufficient
to provide the means for the construction of long-distance lines linking key nodes. To
overcome this limitation, the Liberal government introduced a model of public-private
cooperation that borrowed heavily from the French railway law of 1842. This framework
was formalised by the Railway Act of 1855, which offered private companies 99-year
concessions to build and operate railway lines, often with subsidies per kilometre of
track built. Regarding the morphology of the network, it established that priority was
to be given to connections between Madrid and the ports and the frontiers, which
meant that the lines that followed these directions were given marginal administrative
facilities. However, these were very general guidelines, and the Liberal government
did little to intervene in the design of the railway network.'”> In fact, subsidies could
and were given to companies building fransversal, mining and many other lines. In
other words, the discriminatory nature of the 1855 law was practically nil. Although
the railway companies received substantial public subsidies — some of the largest in
Western Europe — and some guidelines for network design, they also enjoyed a large
degree of freedom in the routing of their lines.

This context has stimulated research into the factors driving the expansion of Spain’s
railway network in the nineteenth century. Some scholars argue that political objectives'®
and state-building efforts'” played a central role in shaping the network’s design, while
others highlight its inefficiency. Nadal underscores the dominance of an extractive,
outward-oriented model, as opposed to one aimed at fostering internal economic

12 Magda Pinheiro, “Portugal e Espanha: Integracdo e ruptura. Os caminhos-de-ferro (1850-1890) [Portugal

and Spain: Integration and rupture. The railways (1850-1890)]”, Ler Historia 11 (1987), 47-76.
'3 Magda Pinheiro, “Lisboa e a Rede Ferrovidria Portuguesa: os caminhos de ferro da capital” [Lisbon and the
Portuguese Railway Network: the railways of the capital], Ler Histéria 26 (1994), 77-91.

Luis Espinha da Silveira, Daniel Alves, Nuno Miguel Lima, Ana Alcéntara and Josep Puig-Farré,
“Caminhos de ferro, populagdo e desigualdades territoriais em Portugal, 1801-1930” [Railways, population,
and territorial inequalities in Portugal, 1801-1930], Ler Historia 61 (2011), 7-37.

!5 Rafael Barquin and Carlos Larrinaga, “Los limites de la intervencién piiblica. Ingenieros de caminos y
ferrocarriles en Espaiia (1840—1877)” [The limits of public intervention. Civil engineers and railways in Spain
(1840-1877)], Historia y Politica: Ideas, Procesos y Movimientos Sociales 43 (2020), 27-56. Miguel Muiioz
and Pedro Pablo Ortifiez, “El ferrocarril en la construccién del Estado liberal en la Espaia del siglo XIX”,
Investigaciones Historicas, época moderna y contempordnea, extraordinary issue, no. 2 (2024), 409-28.

Germa Bel, Espaiia capital Paris. ; Por qué Espafia construye tantas infraestructuras que no se usan?: una
respuesta economica a un problema politico [Spain capital Paris. Why does Spain build so many infrastructure
that are not used? An economic response to a political problem] (Barcelona: Destino, 2013).

17" Juan Pro, La construccion del Estado en Esparia: una historia del siglo XIX [The Construction of the state in
Spain: a history of the nineteenth century] (Madrid: Alianza, 2019).
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integration.'® Similarly, Broder contends that the network was poorly aligned with the
country’s economic needs, ultimately increasing the cost of connecting production and
consumption centres.'® Another perspective suggests that the network was built primarily
to meet the country’s most pressing transport needs, implying that economic factors were
dominant. This view is supported by simulation-based analyses, which indicate that much
of the actual network coincided with routes that were predicted based on population size,
GDP and distance alone. For instance, Equipo Urbano and, more recently, Marti-Romero
and others use gravity-type models to show that the Spanish railway’s initial configur-
ation broadly matched patterns of economic interaction and regional accessibility, imply-
ing an underlying economic rational in its layout despite political centralisation.*
Regional studies also tend to emphasise economic considerations as the key determinant
of line placement.?' Esteban-Oliver and Marti-Henneberg have suggested that the busi-
ness strategies of railway companies also played a crucial role in shaping the sequence
of expansion.”” However, these works frequently focus on regional perspectives or evalu-
ate the appropriateness of railway connections using a broad territorial scope, often dis-
counting the local characteristics of the areas that railways connected. This gap, coupled
with limitations in data availability and methodological approaches, has impeded the for-
mulation of broader, generalisable conclusions regarding the explanatory factors of
network expansion in Spain.

This article addresses this issue by examining the relevance of factors commonly
recognised in the literature as crucial to Spain’s railway expansion, including economic
drivers — such as population, existing traffic flows and construction costs — as well as pol-
itical and administrative factors, in particular a municipality’s status as a provincial or

8 Jordi Nadal, El fracaso de la revolucion industrial en Espaiia, 1814—1913 [The failure of the industrial

revolution in Spain, 1814-1913] (Barcelona: Ariel, 1975).
19 Albert Broder, Historia econdmica de la Espaiia contempordnea [Economic history of contemporary Spain]
(Barcelona: Universitat de Barcelona, 2000).

Equipo Urbano, “Simulacién de una red de transportes: el caso de los ferrocarriles espafioles” [Simulation of
a transportation network: the case of the Spanish railways], Revista de Geografia 6:1 (1972), 34-54. Jaume
Marti-Romero, Adria San José, and Jordi Marti-Henneberg, “The radiality of the railway network in Spain
during its early stages (1830-1867). An assessment of its territorial coherence”, Social Science History 45:2
(2021), 363-89. Fernando Menéndez and Ramé6n Cordero, “El sistema ferroviario espaiiol” [The Spanish
railway system], in Miguel Artola (ed.), Los ferrocarriles en Esparia 1844—1943 (Madrid: Servicio de Estudios
del Banco de Espaiia, 1978), vol. 1, 163-339.
21 Anibal Casares, Estudio histérico-econémico de las construcciones ferroviarias espaiiolas en el siglo XIX
[A historical-economic study of Spanish railway constructions in the nineteenth century] (Madrid: Instituto
Iberoamericano de Desarrollo Econémico, 1973). Domingo Cuéllar and Andrés Sanchez (eds.), 150 aiios de
ferrocarril en Andalucia: un balance [150 years of railways in Andalucia: an overview] (Sevilla: Junta de
Andalucia, 2008). Telesforo Herndndez and Sebastia Garcia, Ferrocarriles y capitalismo en el Pais Valenciano
1843-1879 [Railways and capitalism en the Valencian Country] (Valencia: Ayuntamiento de Valencia, 1983).
Pere Pascual, Los caminos de la era industrial. La construccion y financiacion de la red ferroviaria catalana
(1843-1898) [The roads of the industrial age: The construction and financing of the Catalan railway network
(1843-1898)] (Barcelona: Edicions de la Universitat de Barcelona, 1999). Francisco Wais, Historia de los
ferrocarriles espaiioles [History of Spanish railways] (Madrid: Fundacion de los Ferrocarriles Espafioles, 1974),
vol. L.
22 Guillermo Esteban-Oliver and Jordi Marti-Henneberg, “The expansion of the Spanish railway network
(1848-1941): an analysis through the evolution of its companies”, Revista de Historia Industrial, 31:85 (2022),
87-144.
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district capital, in the likelihood of a station opening in a municipality during the period
1848-1910. This analysis is particularly relevant given the historically poor performance
of Spain’s railway sector in the nineteenth century, which is often cited as an obstacle to
the country’s modern economic development.”® While our approach cannot fully explain
the reasons for this underperformance, it can nuance the widely held hypothesis that pol-
itical factors such as nation-building predominated over the country’s immediate eco-
nomic needs.

To assess this, we used as our main empirical approach a survival analysis framework,
specifically the Cox proportional hazards model. Importantly, this estimation technique
offers a significant advantage in that it not only assesses whether a municipality gained
access to the railway but also considering the time it took for the railway to reach it.
Furthermore, the model considers all observations, including those where the railway
never arrived, ensuring a robust and comprehensive analysis that utilises the full
dataset. To implement this approach, we created a new dataset, compiling new informa-
tion on the year of railway arrival for all 8,985 municipalities that existed in peninsular
Spain from the opening of the first railway in 1848 to the near completion of the network
in 1910. We have also integrated into this dataset the variables — previously introduced —
that are usually recognised as critical to understanding Spanish railway expansion.

After this introduction, the article consists of the following sections. In the next section
we explain the legislative process and the territorial development of Spanish railway con-
struction and some of its implications. The third reviews the data. The fourth section
explains and develops the methodology. The fifth section presents the results. The
sixth is a discussion of the results. The article ends with some conclusions.

Historical background

In Spain, the first attempts to build a railway were made in the 1830s, driven by the need to
meet local transport needs. However, progress lagged behind other European nations due to
persistent economic and financial constraints. The first operational line, between Barcelona
and Matard, was not completed until 1848, a milestone that marked the beginning of the
railway era in Spain, but also exposed difficulties, particularly in raising sufficient
capital — a challenge already recognised by contemporaries (in November 1845 the civil
engineer Ramén de Echevarria published a series of articles in which he voiced doubts
as to whether the promoters of the proposed lines would be able to raise sufficient
capital for their construction).>* Aware of these problems and inspired by the more decisive
state-led models observed in countries such as France, the Spanish government took a more
proactive role in a process that culminated in the approval of the Railway Law of 1855.
This law had a significant impact on network development, mainly through its financial
incentives. Although it proposed several aid systems, in practice only direct subsidies were
implemented, with the state allocating fixed amounts per kilometre of track built for most

23 Nadal, El fracaso de la revolucién industrial. Gabriel Tortella, Los origenes del capitalismo en Espaiia [The

origins of capitalism in Spain] (Madrid: Tecnos, 1973).
24 El Espaiiol, 22 November 1845.
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Figure |. Cumulative number of km of Iberian-gauge lines in Spain by year, 1848-1910.
Source: Own work and Esteban-Oliver and Marti-Henneberg, “The Spanish railway network”.
Note: km of track (left) and number of stations and halts (right).

long-distance lines through an auction system. This financial support triggered rapid growth:
between 1855 and 1866, 4,756 km of new track were added, rising to 6,300 km by 1876
(Figure 1). During this period, often referred to as the First Wave of network expansion,®
the network took on a tree-shaped design with Madrid at its centre. Major cities such as
Barcelona (completed in 1862), Valencia (1856) and Seville (1860) were connected to the
capital, as were border crossings with France at Irun (1864) and Portugal at Badajoz
(1863), and important ports such as Alicante (1858) and Cadiz (1861). At the same time,
regional networks emerged in Catalonia, the Basque Country and Andalusia, while lines
serving the mining areas of Asturias, Leén and Huelva also developed (Figure 2).%°
Interestingly, some scholars have argued that this initial layout of the Spanish railway
network, centred on Madrid, was firstly economically inefficient’” and secondly justified
only for political reasons.”® Nevertheless, given the almost island-like geography of Spain
and the central location of Madrid, a centralised (or radial) design was probably the most

25 Miguel Artola, “La accién del Estado” [The role of the state], in Artola, Los ferrocarriles en Esparia, vol. 1,

341-454.

26 Spain had several coexisting gauges. The Iberian gauge (1665 mm) was the predominant standard for most

of the network. However, throughout the nineteenth century and especially at the beginning of the twentieth

century, narrower gauge railways were built for auxiliary purposes. This document focuses on the Iberian gauge

railways, which were the ones that really made up the Spanish long-distance network, even more so in this

period.

27 Nadal, El fracaso de la revolucion industrial, Broder, Historia econdmica de la Espaiia contempordnea.
Bel, Espaiia capital Paris.
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Figure 2. The territorial expansion of the Spanish railway network, 1848-1910.
Source: Own work. See Data section.

logical option,?® serving both economic and administrative objectives, as was common
elsewhere.*

Despite its successes, the 1855 law contained significant technical and organisational
flaws. For the wrong technical reasons, it required a track gauge different from the
common European standard, which made cross-border connections difficult.®!
Although cooperation agreements with Portugal and France for the construction of inter-
national lines were reached relatively easily, the signing of similar agreements for the
extension of lines through the Pyrenees was delayed until 1885, and the first of these
lines did not open until 1922. In the military sphere, a specific law on strategic railways
was not passed until 1909.%% In general, government initiatives to promote railways for

29 Urbano, “Simulacién de una red de transportes”. Ange] Marin and Ricardo Garcia-Rdédenas, “Location of
infrastructure in urban railway networks”, Computers & Operations Research 36:5 (2009), 1461-77.
Marti-Romero et al., “The radiality of the railway network in Spain”. Menéndez and Cordero, “El sistema
ferroviario”.

Caron, Historie des Chemins de Fer. Mario Justo and Jorge Waddell, Nueva historia del ferrocarril en la
Argentina. 150 aiios de politica ferroviaria [New history of railways in Argentina. 150 years of railway policy]
(Buenos Aires: Lumiere, 2007). Michel Laffut, “Belgium”, in Patrick O’Brien (ed.), Railways and the Economic
Development of Western Europe, 1830-1914 (New York: St. Martin’s Press, 1983), 203-26.

Jests Moreno, El Ancho de Via en los Ferrocarriles Esparioles. Desde Espartero a Alfonso XIII [Gauge in
Szpanish Railways. From Espartero to Alfonso XIII] (Madrid: Toral, 1996).

Esther Vidal, Fronteras y ferrocarriles: génesis, toma de decision y construccion de los carriles tran-
spirenaicos (1844-1929) [Borders and railways: origins, decision-making, and construction of trans-Pyrenean
railways [1844-1929)] (Lleida: Universitat de Lleida, 1999).
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specific purposes, such as military or cross-border connections, were limited and only
materialised after much of the main network had already been built.

Moreover, several provinces were not connected to the network, and the number of
cross-connections, branches and auxiliary lines were limited. These problems, together
with the poor performance of many companies, led to calls for a change in the regulatory
framework. After several technical reports in the late 1860s, the government approved a
new national railway plan in 1870, but it was hardly implemented due to political events
such as the Carlist War. A new plan was approved in 1877. Like the 1855 law, the 1877
law did not set any deadlines or priorities, leaving the railway companies free to choose
which lines to build, to delay their construction or not to build them at all. However, the
proposal to build many lines and to maintain or increase public subsidies was an invita-
tion to the railway companies to extend the network to places where its economic viabil-
ity was doubtful. The technical studies that preceded the railway plan that accompanied
the 1877 law explicitly stated that all provincial capitals and most of the judicial district
capitals should be connected to the railway.*

During the Second Wave, the network almost doubled in size. New main lines were
built to integrate regions such as Galicia and eastern Andalusia, linking all previously iso-
lated provincial capitals and improving transit with direct routes such as Madrid-Lisbon.
In addition, transversal lines such as Alicante-Granada and Huelva-Zamora were devel-
oped to strengthen the interconnectivity of the network. The new railways were extended
to form a centralised, tree-shaped network with several connecting lines. However, the
construction of some cross-country lines and access to the less populated and more
remote provincial capitals was postponed. The first important interurban line,
Valladolid-Zaragoza, was not inaugurated until 1895. The cities of Soria, Almeria and
Teruel did not have railway stations until 1892, 1895 and 1901 respectively (Figure 2).
As time went on, the country developed slowly and the railway sector matured, which
increased the interest of railway companies in these cities as markets. The expansion
process continued until the first decade of the twentieth century, by which time the con-
struction of Spain’s core railway network was largely complete.

The expansion of the first wave of railway lines in Spain was influenced by a range of
factors, as documented in the literature. Artola suggests that these lines often followed the
layout of main roads, which traversed densely populated valleys and sought the easiest
mountain passes.>* These roads, frequently connecting to ports, offered lower transport
costs due to better construction parameters, regular maintenance, rest areas, and return
traffic.®® Some studies also point to the importance of linking Madrid with a south-eastern
port to enhance foreign trade.’® Additionally, some scholars have argued that urban

3 Victor Sanchis-Maldonado, “Los desheredados del ferrocarril. Un andlisis de la expansién de la red fer-

roviaria espafola durante el ultimo tercio del siglo XIX” [The disinherited of the railway: An analysis of the
expansion of the Spanish railway network during the last third of the nineteenth century], Investigaciones
Histéricas. Epoca Moderna y Contempordnea, 45, forthcoming.
34 Artola, “La accién del Estado”.
35 José Luis Uriol, Historia de los caminos de Espaiia [History of roads in Spain] (Madrid: Colegio de
Ingenieros de Caminos, Canales y Puertos, 1990).

Herndndez, Ferrocarriles y capitalismo.
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population distribution may have influenced railway expansion, as the network appeared
to prioritise connections between major population hubs®’ — an outcome often interpreted
as aligning with the political objectives of the liberal regime. However, the fact that many
provincial capitals in the centre and south of the country, as well as towns with admin-
istrative relevance but little economic activity, were not granted railway connections sug-
gests that economic considerations often outweighed political priorities, though the two
were not mutually exclusive and likely interacted with each other.*® Furthermore, while
the state administration followed a hierarchical structure — from Madrid to provincial
capitals and then to judicial district capitals — this political logic did not consistently trans-
late into railway investment.>’ However, for the second wave (1877-1901), the literature
emphasises the growing importance of political and administrative objectives, particu-
larly the goal of connecting all provincial and district capitals in order to strengthen ter-
ritorial cohesion.*® Some authors also interpret this phase as the natural progression of the
network, as the most economically profitable routes had already been built during the first
wave. Subsequent expansion inevitably extended the railway to less accessible and less
populated areas, with diminishing economic returns.*' Even so, as noted in the
Introduction, these factors have not been systematically and quantitatively assessed.

Data

The construction of the liberal state in the early nineteenth century provided Spain with
the necessary tools to collect reliable and updated statistical information. The first census
in modern Spain was carried out in 1855, the same year as the passsing of the General
Railway Law. However, some problems with the census made it advisable to use that
carried out five years later, about which there are no major objections.*? In the 1860
census, as in those that followed, the smallest unit of analysis was the municipality.*’
Consequently, this will be the territorial unit of analysis in this article.

Specifically, we use the ESPOP database,** which covers all 9,130 homogeneous muni-
cipalities that existed in the country from 1860 to 1930, including centroids and population

37
38
39
40
41

Urbano, “Simulacién de una red de transportes”.
Barquin y Larrinaga, “Los limites de la intervencién publica”.
Pro, La construccion del Estado.
Sanchis-Maldonado, “Los desheredados del ferrocarril”.
Alfonso Herranz, Infraestructuras y crecimiento econdmico en Espaiia (1850—1935) [Infrastructure and
economic growth in Spain (1850-1935)] (Madrid: Fundacién de los Ferrocarriles Espaiioles, 2008). Alfonso
Herranz, “Railroad Impact in Backward Economies: Spain, 1850-1913”, The Journal of Economic History 66:4
(2006), 85381, here 853.
42 Mathieu Aguilera, “’La recherche de la vérité’. Recensements et statisticiens dans 1'Espagne du XIXe
siecle” [‘The Search for the Truth’. Censuses and Statisticians in Nineteenth-Century Spain], PhD dissertation,
Institut d’études politiques de Paris, 2020. Vicente Gozdlvez and Gabino Martin-Serrano, “El censo de la
poblacién de Espafia de 1860. Problemas metodoldgicos. Inicio de la aportacién social en los censos”, Boletin de
la Asociacion de Gedgrafos Espaiioles 70 (2016), 329-70.
4 Municipalities are the most disaggregated territorial unit of Spain since the liberal reforms of the nineteenth
century. They often consist of a single population entity, and their average area is around 60 km?.

Francisco J. Beltran-Tapia, Alfonso Diez-Minguela, Julio Martinez-Galarraga, and Daniel Tirado-Fabregat,
“The Spanish municipal population database (ESPOP) 1860-1930", Documentos de Trabajo EH-Valencia,
2301 (2023).
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sizes for the years 1860, 1877, 1887, 1900, 1910, 1920 and 1930. In this study, however, we
have only used the population data for 1860 and 1877. Furthermore, have also limited our
analysis to peninsular Spain, reducing the sample to 8,985 observations.

Railway access

It is possible to assess railway accessibility in various ways. In this article, we focus on
two key dimensions: access at specific points in time (1877 and 1910) and time since the
arrival of the railway, measured as the number of years a municipality had access to the
railway network prior to these reference years. As we will discuss in the methodological
section, this approach allows us to consider not only whether a municipality gained
access to the railway, but also the timing of this access, providing a more nuanced under-
standing of the factors that determined it.

In the context of this article, we created both variables using the Esteban-Oliver and
Marti-Henneberg database,*” which provides information on the location of each station
and its opening and closing dates for the period 1848 to 2023. To create the access to the
network variable, we used the ESPOP urban centres and two GIS layers containing the sta-
tions that were in operation in 1877 and 1910 respectively. Following Esteban-Oliver, we
used the Buffer tool in QGIS 3.24 to create a 5 km buffer zone around the centroid of
each of the 8,985 municipalities in the ESPOP dataset. This buffer zone approximates a
one-hour walking distance and provides a more meaningful historical measure of access
than administrative containment alone. Then, we overlayed the buffer zone with the 1877
and 1910 station layers and used the QGIS Extract by Location tool to determine if a
station existed within this buffer area in any of these years. We considered that a municipality
would have access to the network if this condition was met. Note that a municipality may
have access to the network for the years 1877 and 1910, for 1910, or no access at all.
This is because there were no station closures during this period.

To create the time since arrival of railway variable, we simply subtracted the year the station
opened from our censoring years, 1877 and 1910. For instance, Matar6 received access to the
railway in 1848. Consequently, its exposure variables will be of 29 and 62 years for 1877 and
1910, respectively. Note that, if a municipality had more than one station within its threshold,
we subtracted the value of the station with the earliest opening date. Figure 3 shows the terri-
torial distribution of this variable using 1910 as the censoring year.

Other variables

From a territorial point of view, in nineteenth-century Spain there were two other administrative
levels in addition to the municipalities: provinces and partidos judiciales (judicial districts). The
reorganisation of the provinces was one of the first decisions taken by the new liberal regime
that came to power after the death of the absolutist King Ferdinand VII in 1833. The 49 new
provinces had greater administrative competences and were usually governed from their most

4 Esteban-Oliver and Marti-Henneberg, “The Spanish railway network”.
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Figure 3. Years with railway access for Spanish municipalities, 1848—1910.
Sources: Own work. See Data section.

important city. A year later, in 1834, the districts were created as part of an effort to modernise
and centralise the country’s administration. Each district encompassed several municipalities
within a province and was governed from a town, which housed a court of first instance respon-
sible for dealing with local legal matters. The capital status of a district indicated a limited
administrative role, primarily judicial rather than economic.*® Information on whether a muni-
cipality was a district capital and/or provincial capital was obtained from the 1860 census. The
province to which each municipality belonged was obtained from ESPOP.

We also used ESPOP centroid data and QGIS tool Distance Matrix to create a variable
representing the distance from each municipality to the provincial capitals. Similarly, we
used this tool to create a database with the distances from each municipality to Madrid,
Barcelona and the Puertos de Primer y Segundo Orden (First- and Second-Class Ports,
onwards referred as main ports) as defined by the Ley General de Puertos of 1880
(General Port Law), main roads (usually paved) and navigable waterways.*’ Regarding

46 Aguilera, “‘La recherche de la vérité’, 310. Horacio Capel, “La red urbana espafiola y la nueva
demarcacioén judicial”, Revista de Geografia 2 (1968), 56—65.

Guillermo Esteban-Oliver, Eduard Alvarez—Palau, and Jordi Marti-Henneberg, “Building a National
Market: Transport Improvements and Economic Integration in 19th Century Spain”, Seminars 2024-2025,
Universitat de Valéncia, 14 January 2025. Guillermo Esteban-Oliver, Eduard Alvarez-Palau, and Jordi
Marti-Henneberg, “Infraestructuras para la navegacién en la Espafia moderna y liberal: puertos, faros, canales y
rios navegables” [Navigation infrastructure in Spain during the Modern and Liberal periods: ports, lighthouses,
and navigable rivers and canals], Investigaciones de Historia Economica 20:3 (2024), 18-25. Esteban-Oliver y
Marti-Henneberg, “The Spanish railway network”.
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the variables related to the physical geography of the municipalities, we first calculated
the altitude above sea level of each municipality. To do so, we overlayed the ESPOP
municipal centroid database and the Copernicus Land Monitoring System elevation
raster (20 mx20 m) of Spain and used QGIS Point Sampling Tool to calculate the
exact altitude of each municipal centroid. We also used this raster and QGIS Zonal
Statistics command to calculate the average slope of the municipality. Note that this vari-
able was calculated using the IGN-2018 enclosure map after several adjustments to fit the
municipal structure from 1860 to 1930.

Finally, we incorporate the occupational structure for the year 1860, sourced from
Esteban-Oliver,*® although this data was only available at the district level. Military vari-
ables were excluded due to their minimal impact on the construction of the railway
network. Their influence was mainly limited to recommendations — outlined in the
1852 Reglamento de Plazas para el Cuerpo del Estado Mayor (Regulation of Places
for the General Staff Corps) — that lines passed near barracks, which were typically
located in provincial capitals. To avoid multicollinearity, and because the provincial
capital variable adequately captures the effect of military barracks, these factors were
omitted from the model. Table 1 presents the summary statistics of these variables.

Methodology and empirics

Given the nature of our analysis — where the time to the event, specifically the arrival of
the railway in a municipality, is a critical factor, but a significant proportion of the muni-
cipalities never received railway access — we use a survival analysis framework. This
approach allows us to model the time to the event while treating the sample appropriately,
as it includes all observations regardless of whether the event occurred.*” To implement
this, we use the Cox proportional hazards model as follows:

hi(t) = ho(t) exp(B, X1; + frXoi + ... + B Xki) ()

Where h;(t) is the hazard of municipality i at time #; ho(¢) is the baseline hazard rate,
which is shared by all municipalities and captures the underlying risk of receiving railway
access over time; Xj;, ..., Xy; are the covariates for municipality i; and f;, ..., 3 are
the coefficients capturing the effect of each covariate in the hazard rate. Importantly, as
mentioned in the Introduction, we have not only explored the determining factors of the

48 Guillermo Esteban-Oliver, “La Distribuciéon Geografica de la Actividad Econémica y de la Industria en

Espafia: Un Andlisis a Nivel de Partido Judicial, en Base al Censo de 1860 [The Geographic Distribution of
Economic Activity and Industry in Spain: An Analysis at the Judicial District Level, Based on the 1860 Census],
Biblio3W. Revista Bibliogrdfica de Geografia y Ciencias Sociales 22 (2017).

¥ we acknowledge that the influence of our covariates may exhibit spatial heterogeneity. Advanced spatial
models, such as Geographically Weighted Regression (GWR), could provide valuable insights into how the
determinants of railway access varied across different regions of Spain. However, the primary focus of this study
is the timing of network expansion and the risk of a municipality gaining access over several decades. For this
time-to-event research question, the Cox proportional hazards model is the most appropriate framework as it
explicitly incorporates the temporal dimension and effectively handles censored observations. Future research
could fruitfully apply GWR to cross-sectional data from specific years to explore this geographical variation in
greater detail.
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Table |. Summary statistics of the variables.

Variable Mean Std. deviation Min Max

Dependent variables

Opening year of a station 1874 14 1848 1907
Access to a station in 1877 (Yes=1) 0.12 0.3197917 0 |
Access to a station in 1900 (Yes=1) 0.20 0.4024062 0 |
Covariates
Population size (1860) 1,684 5615 62 298,638
Population size (1877) 1,786 7,104 67 397,993
Ruggedness (municipal area mean) 0.04 0.03 0.0029 0.2005
Mountain (Yes= 1) 0.16 0.36 0 |
District capital (Yes=1) 0.05 0.22 0 |
Provincial capital (Yes=1) 0.0l 0.07 0 |
Distance to nearest provincial capital 43.711 23.071 0 125.038
Distance to Madrid 269.837 127,881 3,427 619,865
Distance to Barcelona 469911 216.265 2.428 959.763
Distance to the nearest main road (1860) 32.424 33519 6.6 177.930
Distance to the nearest main road (1877) 10.507 12.155 0.9 84.478
Distance to the nearest waterway 104.379 73415 80.5 391.508
Access to a port (Yes= ) 0.0l 0.07 0 |

Notes: Distances are always expressed in metres; number of observations: 8,985. Although the railway continued expanding
until the 1960s, the “Opening year of a station” variable includes only values up to the year 1910. Specifically, of these 8,985
municipalities, 1,826 received access to the railway during our period of study.

whole network, but also separately analysed this issue for the first and second waves.
Consequently, for the first wave the censor year will be 1876, and for the second
1910. Additionally, the second wave estimate excludes municipalities that gained
access to the railway during the first wave.

In this model, we included several variables that the literature usually suggests are
likely to be correlated with the likelihood of receiving railway access. First, we included
the natural logarithm of municipal population size in 1860 and 1877 as a proxy for the
socioeconomic relevance of a municipality during each pre-wave period. Although
most of the constructions of the first wave began after 1855, we utilised the 1860
census data as our variable due to the lack of reliable census data prior to this date.
This is a cause for concern, as it could introduce an amplification bias. Railways might
have already been fostering population growth in municipalities that gained access to
the network before 1860.° However, given that internal migrations were low during
the central decades of the century,”’ this impact should have been very limited.
Moreover, by 1860, most of the first wave of railways was still under construction,
meaning local displacement effects were likely not yet very significant. In fact, only

30" Guillermo Esteban-Oliver, “On the right track? Railways and population dynamics in Spain, 1860-1930",
European Review of Economic History 27:4 (2023), 606-33.

1 Javier Silvestre, “Internal migrations in Spain, 1877-1930”, European Review of Economic History 9:2
(2005), 233-65.
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about 1,000 km of railway lines were in operation before the late 1850s. Consequently,
we believe it is reasonable to assume that the municipal population structure of the early
1850s closely resembled that of 1860. Nevertheless, and as a robustness check, Table A.1
in the Appendix presents the model estimated using only municipalities that gained
railway access after the year 1860. The results, and particularly the population coefficient,
remain largely consistent with the main findings (see Results section), suggesting that this
issue does not compromise the reliability of the overall exercise.

Second, binary variables have been included to identify whether a municipality was a
provincial capital and/or a district capital. This variable is significant in that it allows us to
examine the role of the Spanish Liberal State in developing the railway network for pol-
itical reasons.>” Importantly, as previously mentioned, provincial capitals served as
anchoring points for the railway network. Consequently, municipalities situated near
these capitals may have received railway access earlier due to their geographical advan-
tage. To capture this effect, we included the natural logarithm of the distance to the
nearest provincial capital as an additional covariate.

Third, the analysis included the mean ruggedness of each municipality surface area, as
well as a dummy variable that equalled 1 if the municipal centroid was situated at an alti-
tude of over 1,000 metres. This approach allows us to highlight the significance of con-
struction costs in the context of network expansion.

We also introduced a set of variables that capture municipal accessibility to pre-
industrial transportation networks. The proximity to these networks may be a significant
factor in determining railway access, as they reflected the principal transport flows prior
to the construction of the railways. These included the natural logarithm of the distance to
the nearest navigable river or canal — despite its limited impact on Spanish transport
during the nineteenth century®® — and to the main roads in 1847 and 1877.
Additionally, a binary variable was included for municipalities located within a radius
of less than 5 km to a main port. We have discarded the inclusion of third category
ports because of their minor significance.

Finally, we included two additional variables as stratified factors: the province of each
municipality and a binary indicator identifying whether a municipality is a provincial
capital. The province variable was stratified because it was as an ancillary covariate
that strongly influences the sequence of railway expansion yet demonstrates non-
proportional effects over time. Specifically, when a municipality within a province
gains railway access, the probability of subsequent access for other municipalities in
the same province increases. This pattern is driven by a combination of economic, logis-
tical, political, and social factors. For instance, the establishment of railway infrastructure
in one municipality often indicates an ongoing expansion within the province, thereby
elevating the likelihood of connectivity extending to additional municipalities in the

52 Pro, La construccion del Estado en Espaiia.

33 Juan Helguera, “Proyectismo y realidad en la explotacion del Canal de Castilla durante los siglos
XVII-XIX” [“Project design and reality in the exploitation of the Canal de Castilla during the eighteenth and
nineteenth centuries”], Actas del Congreso sobre Conservacion y Desarrollo de los recursos del Canal de
Castilla (Palencia: Diputacién Provincial de Palencia, 1990), 35-48.
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region. The provincial capital status was included as a stratified variable for a similar
reason. It is of little interest in our analysis, as its prioritisation is evident due to its rele-
vance across multiple dimensions, including economic, political, and administrative con-
siderations, yet it demonstrates a non-proportional effect. In sum, by stratifying these
variables, we can account for their confounding influence without assuming proportional
hazards, thereby reducing bias in the estimated coefficients of the primary covariates.

Proportional hazards risks assumption

In a Cox hazards model, one of the key premises is the proportional hazards (PH) assump-
tion. This assumption posits that the effects of variables on the hazard function are con-
stant over time and additive on a specific scale. In other words, the effect of a variable on
the hazard rate is multiplicative and does not change over time. Violation of the propor-
tional hazards assumption may have significant implications for the validity and interpret-
ation of the results. For this reason, the model was subsequently tested for compliance
with the proportional hazard assumption using formal tests based on scaled Schoenfeld
residuals. Table A.2 of the Appendix shows that it did not fully satisfy this assumption,
mainly because of the population size variable.

The non-proportionality of population size is historically justified, as connecting large
cities would have been a high priority. However, once these key points were linked, the
importance of population size would have diminished considerably. Nevertheless, violat-
ing the proportional hazards (PH) assumption does not undermine the model’s findings
for this variable. Instead, the estimated coefficient for population size should be inter-
preted as an average effect across the study period, rather than a constant effect at
all-time points.

Also, note that the violation of the proportional hazard assumption is consistent with
the changes in the legal framework. As we have seen, the Law of 1877 could be a turning
point for the factors that explain network expansion in Spain. Then, dividing the analysis
in two differentiated waves can also help us control for this issue.

Results

This section examines how our variables of interest relate to rail access in Spain. The
main source of evidence for the findings is the Cox regression analysis. We have also
included some maps that were produced using GIS to help with visualisation and facili-
tate the analysis. However, before proceeding, it is crucial to clarify the interpretation of
the model’s coefficients. The significance of the coefficient of a variable reflects the eco-
nomic (or other) interest of each municipality for the companies, but not necessarily the
good design of the railway network. From their point of view, not all large cities had to be
attractive markets for transport (at least not in 1855), nor was their size the only variable
that made them attractive. Moreover, the rail connection between two cities might not be
optimal, regardless of whether it followed the former road or not. The only information
captured by these coefficients is the probability that the local circumstances of each town
would increase the chance of a railway passing through it.
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On the other hand, it is also important to note that the political-administrative rele-
vance of a variable can be subsumed in its economic relevance. Madrid, as the national
capital, was relevant in all senses, but it is difficult to identify the economic relevance of
some provincial or district capitals. The challenge is to identify these ambiguous cases.

Table 2 shows the results for the whole period and the two waves into which we have
divided it. Column 1 corresponds to the whole period, 1848-1910, and columns 2 and 3
correspond to the sub-periods 1848-1876 and 1877-1910. The table shows the HR
(hazard rates) of each variable. As the coefficient of each non-binary variable is the
natural logarithm of the hazard rate, the interpretation of the table is that an HR > 1 indi-
cates a positive effect of the exogenous variable on the independent variable; and an HR <
1 indicates a negative effect. When the variable is dichotomous (such as being the capital
of a judicial district), the HR indicates the change in probability when the event is present
compared to when it is not.

The overall results in column 1 (1848-1910) show that our main explanatory factors
for economic development — population size, access to a port and distances to main roads,
Barcelona and provincial capitals — were highly significant in explaining access to the
railway. Administrative and political factors also seem to have been important, as
being a district capital or the distance to Madrid are significant. Finally, being above
1,000 metres and average ruggedness are also significant, meaning that areas with geo-
graphically difficult terrain were less likely to have access to the network. These
results remained robust to different specifications of the model and to different estimation
techniques — a probit model and a two-stage Heckman selection model — which we detail
in Tables A.3 and A .4 in the appendix. However, as noted above, this overview may mask
some significant shifts in network access priorities that may be associated with the
Railway Acts of 1855 and 1877 and subsequent waves of railway expansion.

Regarding the first wave of expansion (1848-1876), column 2 shows that population
size in 1860 has a positive, significant effect (HR of 1.210, p <0.01). This means that a 50
per cent increase in population is associated with an 8.1 per cent increase in the probabil-
ity of receiving a railway connection. Given the close correlation between population size
and economic development, this variable is likely to indicate that potential demand for
both passenger and freight transport was a crucial factor during the first wave. The
kernel population density map (Figure 4) supports this interpretation, showing that the
railway corridors focused on linking the most densely populated areas, indicating that
companies prioritised places with higher expected demand. Indeed, other key indicators
of the intensity of economic activity and flows of goods and people, such as distance to
Barcelona, have coefficients that are consistent with it. Distance to Madrid can also be
linked to economic motivations, as it served as the central hub of the network due to
its strategic location and high demand for agricultural products from nearby regions
and industrial goods from peripheral areas.

Distance to pre-existing infrastructure and transport flows also played a key role. The
negative and significant coefficient for the distance to main roads suggests that areas
better connected prior to the railway age were more likely to receive a connection.
Similarly, although access to main ports narrowly misses conventional levels of statistical
significance — likely due to the small number of such cases in the sample — the magnitude
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Table 2. Cox regression estimates of railway access for Spanish municipalities, 1848—1910.

Hazard rates for railway access: Both waves (1) First Wave (2) Second Wave (3)
In population size (1860) 1.147 1210
(0.039) (0.055)
In population size (1877) 1.090
(0.060)
In ruggedness 0.6l16™" 0.542™" 0.751™
(0.023) (0.028) (0.045)
Mountain (I =yes) 0.440" 0.482"" 04717
(0.065) (0.113) (0.087)
District capital 1.506™" 1.172 1.485™
(0.152) (0.162) (0.225)
In distance to nearest provincial capital 0.703™ 0.682"" 0.783™
(0.028) (0.037) (0.050)
In distance to Madrid 0489 0.647"" 0.195™
(0.068) (0.114) (0.049)
In distance to Barcelona 0.773" 0.662" 1.649"
(0.102) (0.103) (0.500)
In distance to nearest 1847 main road 0.721™ 0.684""
o.o1T) (0.012)
In distance to nearest 1877 main road 0.751™
(0.015)
In distance to nearest nav. river or canal 1.038 1.030 1237
(0.037) (0.047) (0.084)
Access to main port 1.651" 1511 2.518™
(0.369) (0.398) (1.101)
Observations 8,938 8,938 7,881

Notes: Stratified variables: provincial capital binary and provincial dummy. Note that there are 8,938 observations compared to
the 8,985 included in the full sample. This is because the 47 provincial capitals in Peninsular Spain are stratified and, thus, not
accounted for as observations, as explained in the previous section.

“Significance at the 10% level.

**Signiﬁcance at the 5% level.

***Signiﬁcance at the 1% level.

of the coefficient (HR = 1.511) indicates that reaching these nodes was a high priority for
railway development.

The binary indicator for district capital is not significant. As mentioned above, this variable
should be interpreted as an administrative and political factor. Conversely, the distance to the
provincial capital has a significant and negative effect, i.e., the greater the distance to the capital,
the less likely it is to be connected by rail. Thus, their economic influence made provincial capi-
tals and their surrounding areas particularly attractive for railway development. However, it is
also important to consider that this variable can also be explained by the fact that provincial
capitals were the anchors of the network, and thus municipalities surrounding these cities
may have had a higher chance of receiving railways just because of their geographical location.

Importantly, these results remain robust even when we exclude municipalities that
received railway access before 1855 or 1860 and focus only on the lines affected by
the General Railway Law of 1855 (see Table A.1, columns 2 and 3).
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Figure 4. Estimated Population Density in 1877 and the Iberian-gauge railway network (1848—
1910).

Sources: Own work. See Data section.

Note: The map was created using a kernel density analysis weighted by 1877 municipal population.
The colors represent the estimated population density in people per square kilometer. Technical
parameters: Cell size = | km?; Search radius = 50 km.

Column 3 shows that for the second wave (1877-1910) economic factors seem to be less
important. As explained in the historical background section, these results are in line with
the principles laid down by the successive commissions of experts that influenced the
General Law of 1877, which prioritised the connection of all provincial capitals and as
many judicial districts as possible. Thus, the population size has a positive but not signifi-
cant relationship (1.090, p>0.1). The HR of the variable district capital is also positive, but
now significant (1.485, p<0.01). This means that municipalities that are the capital of judi-
cial districts have a 48.5 per cent higher probability of receiving access, suggesting that
unlike in the first wave, administrative centres were anchor points for the railway
network. This finding, together with the negative and significant results for distance to
the nearest provincial capital or to Barcelona, suggests that in this wave economic
factors have lost importance in favour of administrative ones, reflecting a shift in their rela-
tive importance. Although distance to Madrid retains its positive and significant effect in
the second wave, we believe that this effect may be partly explained by its central geograph-
ical location, which limits the range of distances to other cities. This interpretation is also
supported by the kernel density map (Figure 4), which shows that many of the lines built
after 1877 extended into sparsely populated areas. This suggests that the second wave was
driven more by the goal of closing gaps in the network and connecting previously isolated
regions than by immediate economic demand.
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Another factor that points in this direction is the results for adverse geographic condi-
tions, ruggedness and altitude, which significantly reduced their importance in the
second wave, when the railway reached areas with higher average ruggedness, such as
Teruel, Almeria, and Jaén (Figure 5). We think there are two main causes for this. First,
construction in difficult terrain became cheaper during the period, in line with advances
in railway technology. This increased the incentive to extend the network into geographic-
ally difficult areas. Second, the first wave focussed mainly on connecting municipalities
located along the natural pathways of the Iberian Peninsula, namely the river valleys that
cross Spain from east to west. These places used to have more dynamic economies and
better connections with the rest of the country, making them more attractive for railway
construction. However, the General Law of 1877 encouraged the development of some
new lines outside the traditional transport corridors. These lines had higher construction
costs and lower expected returns and required greater public subsidies to be completed.
As a result, the sparsest provinces began to converge in terms of infrastructure provision,
indicating a gradual shift towards more balanced territorial coverage.>*

In addition to the above, and recognising the limitations of our socioeconomic indicators,
we have also explored how the occupational structure relates with the probability of receiving
railway access (Table A.5 of the Appendix). Sadly, this data was only available at the district
level, which implies a much smaller sample. This may mean that the estimates are not as
precise and should be interpreted with caution. In this model, the results show that the popu-
lation employed in industrial activities has a positive and significant HR in the first wave, but
it loses significance in the second. On the contrary, the HR of population engaged in primary
activities is not significant in the first wave but shows a positive and significant effect in the
second. This may be partly because the data on the occupational structure only refer to the
year 1860 (data for 1877 are not available). Although there were no major changes in the
territorial distribution of industry and agriculture in Spain between 1860 and 1877, the
non-optimal quality of the data could distort the sample and bias the results.> In any case,
the shift from industrial to agricultural preference is evident.

Finally, as an additional robustness check, Table A.6 in the Appendix presents the
results of estimating Equation 1 after excluding all municipalities that had fewer than
5,000 inhabitants in the year 1860. The purpose of this exclusion is to control for the pos-
sibility that smaller municipalities were inconsequential and thus may have received
railway access by mere chance. By focusing on larger municipalities, we ensure that
our overall results are not merely a product of random variation. The results remain con-
sistent with those in Table 2, revealing an underlying economic rationale.

Discussion

Our model shows that the first wave of construction appears to have followed an economic
rationale. This is further supported by territorial patterns: regions with the highest GDP per

3% Herranz, Infraestructuras y crecimiento econoémico.
35 Carmen Sarastia, “Trabajo y trabajadores en la Espafia del siglo XIX” [Work and workers in nineteenth-
century Spain], Working Papers (Universitat Autonoma de Barcelona) 7 (2005).
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Figure 5. Average terrain ruggedness (300 x 300 m grid) overlaid with the Iberian-gauge railway
network (1848-1910).

Source: Own work. See Data section.

Notes: Terrain ruggedness is expressed in radians, which measure the slope angle. For reference:
0.0l rad~0.57°, 0.1 rad~5.7°, 0.5 rad~28.6°, 1.0 rad~57.3° and 1.57 rad~90°.

capita in 1860 — such as Madrid, Catalonia, the Basque Country, and Navarra — also had the
highest railway densities by 1870. Conversely, the poorest regions, including Galicia,
Extremadura, Asturias, and Castilla y Le6n, were among the least connected.>®

The small-scale layout of the railways prioritised connecting the most attractive markets —
municipalities with the most dynamic economies and largest populations — while keeping
construction costs low. Railway lines mostly followed traditional transport routes in river
valleys, avoiding steep gradients and reducing the need for expensive bridges and tunnels.
There is therefore no reason to believe that political factors such as nation-building took pre-
cedence over economic considerations. Rather, our findings suggest that economic priorities
were the main driver during the first wave, while political and administrative objectives coex-
isted alongside, becoming more prominent in later stages.

In addition, our results for the second wave suggest the existence of an expansion strat-
egy, partly guided by criteria of territorial equity and the need to establish a broader and
deeper public administration.’” However, the underlying motives for these decisions
remain an open question. Could this expansion to the periphery be attributed to a stronger

6 Daniel Tirado-Fabregat, “New Estimates of Regional GDP in Spain, 1860—1930”, Working Papers in
Economics 177 (2007). Herranz, Infraestructuras y crecimiento econdomico.
Castells y Solé-Ollé, “The regional allocation of infrastructure investment”.
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and more consolidated state? Our model cannot confirm or reject this hypothesis, nor can
it exclude the possibility that local political interests played a role in shaping the growth
of the network after 1877. These questions highlight the need for further investigation,
perhaps using quantitative methods like those used in recent studies of infrastructure
development.”®

These results contribute to the general study of the expansion of transport networks.
First, our model shows that economic factors outweighed political and administrative
considerations or concerns about territorial equality in nineteenth-century Spain, while
political and administrative considerations may have also influenced decisions, but
mainly after 1877. Specifically, railway access followed a pattern like the four-stage
development of German railways described by Heinze and Kill.>® There, development
began with isolated, privately built local lines (often in mining regions where water trans-
port was impractical and coal was abundant), followed by demand-driven urban links
with increasing state involvement, then expansion into rural areas to ensure equitable
access, and finally consolidation of the network through efficiency improvements and
modernisation. This pattern may also apply to France and many other European countries
in the nineteenth century. The importance of the Spanish case lies in the observation that
the limited capacity of the state to direct railway construction did not lead to substantially
different outcomes. Thus, this sequence of development is likely to be common to a wide
range of nations, regardless of the specific model of railway construction adopted in the
nineteenth century; a consistency that probably occurs because it reflects a logical pro-
gression in the prioritisation of transport network development.

This work also advances the understanding of the expansion of the Spanish railway
network. Specifically, using a new fine-grained spatial dataset and robust estimation tech-
niques, we show that, at the local level, economic factors were main drivers of this devel-
opment. The model also showed that political-administrative variables were not deciding
factors, at least until 1877.%° This new body of evidence, combined with the findings of
previous studies,®' challenges the notion that a primary goal of the system was to unify
the country culturally, satisfy military needs or expand state institutions.® Instead, we
argue that the railway companies prioritised economic factors as a means of profit maxi-
misation — a more immediate and concrete objective that often aligned with the liberal
state’s aim of connecting the most important administrative and political centres.

58 Marta Curto-Grau, Alfonso Herranz, and Albert Solé-Ollé, ‘“Pork-Barrel Politics in Semi-Democracies: The

Spanish ‘Parliamentary Roads,” 1880-1914", Journal of Economic History 72:3 (2012), 771-96. Esteves and
Geisler, “Private Benefits, Public Vices”.

% Wolfgang Heinze and Heinrich Kill, “The Development of the German Railroad System”, in Renate Mayntz
and Thomas P. Hughes (eds.), The Development of Large Technical Systems (Frankfurt: Campus, 1988), 105—
34.

0" This is in line with the findings of recent qualitative studies. See: Mufioz and Ortifiez, “El ferrocarril en la
construccion del Estado liberal”.

! Esteban-Oliver y Marti-Henneberg, “The expansion of the Spanish railway network (1848-1941)”.
Marti-Romero et al., “The radiality of the railway network in Spain”. Menéndez y Cordero, “El sistema fer-
roviario espafiol”. Urbano, “Simulacién de una red de transportes”.

2 Germa Bel, “Infrastructure and Nation Building: The Regulation and Financing of Network Transportation
Infrastructures in Spain (1720-2010)”, Business History 53:5 (2011), 688-705. Bel, Esparia capital Paris.



Esteban-Oliver et al. 23

Finally, this article offers a new perspective on the literature that examines the perform-
ance of the Spanish railway sector. Sometimes, the failure of the railway sector has been
attributed to the non-prioritisation of economic considerations — often linked to an inadequate
radial design — during the network expansion.®> Our model, however, provides limited
support for this hypothesis and suggests that future research should further examine the inter-
action between legislation, business practices and the cost-benefit trade-offs in route design.
Specifically, our results better support the following ideas:

1. In the nineteenth century, Spain developed a relatively extensive railway network in a
remarkably short period, despite its small population and limited economic develop-
ment. Over-optimistic forecasts and speculative ventures contributed to a rapid
expansion that entailed high construction and financing costs, while actual demand
remained low.**

2. The management of the railway companies during the construction phase might have
been marred by alleged fraud, with managers diverting funds from the Spanish
Treasury to pay dividends instead of properly executing projects. Government subsid-
ies tied to payments per kilometre may have incentivised private and foreign investors
to prioritise track length over quality, contributing to substandard infrastructure and
higher operating costs.®’

Conclusion

This study analysed the local determinants of the development of the Spanish railway
network in the nineteenth century, focusing on the two construction waves usually iden-
tified in the literature (1848—1876 and 1877-1910). Using a newly created dataset and a
Cox proportional hazards model, we examined the economic, political and administra-
tive, and geographical factors that influenced the likelihood of municipalities being con-
nected to the railway during each period. Specifically, the model incorporated variables
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such as population size, proximity to economic centres and ruggedness of terrain, allow-
ing to assess the impact of these factors over time.

The main conclusion of this article is that, in a first wave (1848-1876), economic
factors such as population, industrial activity or construction costs predominated over
political and administrative factors in the allocation of stations. The railway network
was first extended to the wealthier and more populous municipalities. In the second
wave, from 1877, there was a shift towards a more equitable and state-building approach,
in which political and administrative priorities gained prominence alongside economic
considerations. Even so, it is crucial to recognise that these economic and political
drivers were not mutually exclusive; the commercial objectives of railway companies
often aligned with the liberal state’s interest in connecting key administrative centres,
which were usually also the most economically active areas.

This pattern is consistent with the path described by Heinze and Kill for German rail-
ways.® In fact, it assumes a rather predictable sequence for railway expansion in the nine-
teenth century. We argue that the interest of the Spanish case lies in the observation that
the state’s largely facilitative role in the construction process — providing financial support
and general guidelines but leaving route decisions to the companies — did not produce an
outcome significantly different from that in Germany or France, where the state exerted
greater control. However, the economic returns of the railway sector differed significantly:
German railways generally remained profitable,%” while Spanish companies struggled with
low profitability and frequent bankruptcies during this period.°® Consequently, these chal-
lenges are more likely to be due to insufficient demand and corporate mismanagement
than to an expansion sequence that failed to prioritise economic considerations.
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Appendix

Table A.l. Cox regression estimates of railway access for Spanish municipalities, 1860-1910,
1860—1876, and 1855 to 1876.

Both waves First wave Second wave
Hazard rates for railway access: (1860-1910) (1) (1860-1876) (2) (1855-1876) (2)
In population size (1860) 119" 1.175" 1181
(0.043) (0.066) (0.0558)
In population size (1877)
In ruggedness 0.624™ 0.525™" 0.554™
(0.025) (0.034) (0.030)
Mountain (I =yes) 0511 0.850 0.498"™
(0.078) (0.223) (0.003)
District capital 1.669 1.323 1.224
(0.182) (0.225) (0.177)
In distance to nearest provincial 0.679™ 0.620™" 0.669™"
capital (0.030) (0.040) (0.037)
In distance to Madrid 0.508™ 0.729 0.611"
(0.081) (0.159) 0.113)
In distance to Barcelona 138" 1.18 0.93
(0.26) (0.303) 0.171)
In distance to nearest 1847 0.741"™ 0.697" 0.675™
main road (0.012) (0.015) (0.012)
In distance to nearest 1877 main road
In distance to nearest nav. river 1.044 0.991 0.989
or canal (0.043) (0.056) (0.045)
Access to Ist or 2nd class port 1.592" 1.340 1.589"
(0.39) (0.406) (0.434)
Observations 8,580 8,580 8,862

Notes: Stratified variables: provincial capital binary and provincial dummy.
“Significance at the 10% level.
**Signiﬁcance at the 5% level.
***Signiﬁcance at the 1% level.
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Table A.2. Proportional risk test.

| 2 3

Both waves First wave Second wave
Covariates: Prob > chi? Prob > chi? Prob > chi?
In population size (1860) 0.0106 0.0025
In population size (1877) 0.0006
In ruggedness 0.0002 0.5365 0.3441
Mountain (I =yes) 0.9308 0.1309 0.5631
District capital 0.0026 0.0485 0.5289
In distance to nearest provincial capital 0.5032 0.0364 0.0046
In distance to Madrid 0 0.5505 0
In distance to Barcelona 0.0001 0 0.3201
In distance to nearest 1847 main road 0 0.6699
In distance to nearest 1877 main road 0
In distance to nearest navigable river or canal 0.1684 0.3769 0.1906
Access to Ist or 2nd class port 0.4052 0.9923 0.2669
Global test 0 0 0

Notes: Stratified variables: provincial capital binary and provincial dummy.
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Table A.3. Probit estimates for municipal railway access in Spain.
[ 2
Both waves First wave Second wave
Variables: Margins Margins Margins
In population size (1860) 0.018146™ 0.0190618™
(0.005246) (0.004315)
In population size (1877) .003215
(0.0053547)
In ruggedness -0.0623923" —0.0542189"™ -.0341215™
(0.0056345) (0.0049465) (0.0056586)
Mountain (I =yes) —-0.0841374™" -0.0358141™ —.0571931™
(0.0169968) (0.0170523) (0.0163325)
District capital 0.0836559 " 0.02056 0518372
(0.017596) (0.0145814) (0.017267)
In distance to nearest provincial capital —0.0516957" —0.038426™ -0.0202316™
(0.006371) (0.0052393) (0.006639)
In distance to Madrid —0.1238344™ —.0458445™ —0.1364409™
(0.0214982) (0.0173338) (0.0228481)
In distance to Barcelona —0.0060635 —.0580431™ 07535
(0.0251515) (0.0197937) (0.0276701)
In distance to nearest 1847 main road -0.0618098"" —.0462186™"
(0.0026088) (0.0018602)
In distance to nearest 1877 main road —.0355023™"
(0.00219)
In distance to nearest navigable river or canal —0.0056959 —.0026399 .0059427
(0.0058861) (0.0047566) (0.0061912)
Access to Ist or 2nd class port 0.1791053" 0945271 .1044992"
(0.0541776) (0.0373917) (0.0606706)
Provincial dummy Yes Yes Yes
Observations 8,938 8,938 7,881

Notes: Stratified variables: provincial capital binary and provincial dummy.

*Signiﬂcance at the 10% level.
**Signiﬁcance at the 5% level.
***Signiﬂcance at the 1% level.
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Table A.4. Heckman estimates for municipal railway access in Spain.

(1) @) @3
Both waves First wave Second wave
Variables: Heckman Select Mills
In population size (1860) —1.445"
(0.656)
In ruggedness 31917
(0.769)
Mountain (I =yes) -1.707
(2.223)
District capital 1.941
(2.063)
In distance to nearest provincial capital 1.434"
(0.754)
In distance to Madrid —4.575
(2.979)
In distance to Barcelona 5.578"
(2.656)
In distance to nearest 1847 main road 1.780""
(0.344)
In distance to nearest navigable river or canal 0.0698
(0.689)
Access to |st or 2nd class port 0.754
(4.355)
Provincial dummy Yes
Access to railway in 1910 (baseline) 8.055
(0) kK
lambda 21.24
(0.697)
Constant 1,840™" -2.034™
(51.11) (0.0336)
Observations 8,938 8,938 8,938

Notes: Censor year is 1910.

*Signiﬁcance at the 10% level.
MSigniﬁcance at the 5% level.
““Significance at the 1% level.
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Table A.5. Cox regression estimates of railway access for Spanish judicial district capitals, |848—

1910.

| 2 3

Both waves First wave Second wave
Covariates: Hazard ratio Hazard ratio Hazard ratio

In population size (1860)

In population size (1877)

In male employed in agriculture (1860)

In male employed in industry (1860)

In male employed in service (1860)

In ruggedness

In distance to nearest provincial capital

In distance to Madrid

In distance to Barcelona

In distance to the nearest 1847 main road
In distance to nearest 1877 main road

In distance to nearest navigable river or canal
Access to main port

Observations

stk

2.189227
(0.4508107)

1.788811"
(0.5822566)
1.406749
(0.3357238)
0.8387602
(0.2187966)
0.7133825™
(0.1075891)
0.8740856
(0.1876693)
0.0862231™
(0.0554662)
0.5800385
(0.3075523)
0.7946956™
(0.0407373)

0.9650066
(0.130566)
0.6492554"
(0.1071308)
411

s

1.937998™
(0.5712689)

1.182087
(0.4939588)
2.026881"
(0.7594002)
0.6267322
(0.2275251)
0.5746166"
(0.1309031)
0.6312438
(0.1905727)
0.1723131™

(0.1500199)
0.4761738
(0.2929902)
0.7854043™"
(0.0494639)

s

0.9933979
(0.1843305)
1.071132
(0.3009648)
411

-

2.193842"
(0.6561248)
4.804387""
(2.709141)
1.304904
(0.4616227)
0.7872396
(0.3376611)
0.9602798
(0.2141844)
1.305766
(0.4761065)
0.0170356™
(0.0195013)
2.302071
(3.491535)

0.8474164"
(0.0581811)
1.013989
(0.2317893)
0.3714982"
(0.1263545)

317

Notes: Stratified variables provincial dummy. Access 2nd wave 72 out of 317, in first wave 89 out of 41 | and in all 164 out of 41 |.

Provincial capitals are not included in the sample.
*Signiﬂcance at the 10% level.
**Signiﬁcance at the 5% level.
***Signiﬂcance at the 1% level.
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Table A.6. Cox regression estimates of railway access for Spanish municipalities that had more
than 5,000 inhabitants in the year 1860, 1848-1910.

Hazard rates for railway access: Both waves (1) First wave (2) Second wave (3)
In population size (1860) 1.833" 2,089
(0.39) (0.057)
In population size (1877) 19127
(0.60)
In ruggedness 0.641™ 0.498™" 0.85
(0.09) (0.112) (0.19)
Mountain (I =yes) - - -
District capital 0.971 0.830 1.045
(0.184) (0.220) (0.283)
In distance to nearest provincial capital 0.638™ 0.587"™" 0.724
(0.095) (0.113) (0.198)
In distance to Madrid 0.243" 0.437 0.053"
(0.195) (0.486) (0.072)
In distance to Barcelona 0.343" 0318 3.462
(0.200) (0.206) (6.84)
In distance to nearest 1847 main road 0.793™ 0.737°™
(0.039) (0.045)
In distance to nearest 1877 main road 0.964
(0.099)
In distance to nearest nav. river or canal 0.838 1.010 0.755
(0.106) (0.184) (0.135)
Access to main port 2.983" 0.934 11.76™
(1.50) (0.778) (8.705)
Observations 496 496 385

Notes: Stratified variables: provincial capital binary and provincial dummy. The coefficient for mountain is not reported because
there are not enough municipalities located at over 1,000 metres and that had more than 5,000 inhabitants; 108 and 82
municipalities received access prior to 1877 and 1910, respectively.

Significance at the 10% level.

**Signiﬁcance at the 5% level.

***Signiﬁcance at the 1% level.
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