W
B &
7\

+

=

UNIVERSITAT be

BARCELONA

Infrastructure and economic growth in Spain:
1845-1935

Alfonso Herranz Loncan

(OO

Aquesta tesi doctoral esta subjecta a la llicencia Reconeixement 3.0. Espanya de Creative
Commons.

Esta tesis doctoral esta sujeta a la licencia _Reconocimiento 3.0. Espafa de Creative
Commons.

This doctoral thesis is licensed under the Creative Commons Attribution 3.0. Spain License.




UNIVERSITAT DE BARCELONA
DEPARTAMENT D’ HISTORIA | INSTITUCIONS ECONOMIQUES
PROGRAMA DE DOCTORADO EN HISTORIA ECONOMICA

INFRASTRUCTURE AND ECONOMIC GROWTH IN SPAIN, 1845-1935

TesisDoctoral dirigida por e Dr. Carles Sudria Triay
y presentada por Alfonso Herranz Loncan
para optar al titulo de Doctor en Economia

Barcelona, Octubre de 2002



Pero solament els més joves, elsinfants, oblidarien completament: una part de la memoria
dels altresromandria agarrada com una arrel sota lesaigies del Segrei del’Ebre. Ales
cambres noves, entre els mobles encara olorosos de vernis, sentirien sovint velles
paraules; de lesboires hivernals els arribarien clamors d’ antigues tripulacionsi crits

d’ unes altres gavines.

(...) Poc abans del tancament de les comportes del panta de Riba-roja, la pluja va
despenjar-se amb violéncia sobre la vila demolida i deserta.

Jestis Moncada, Cami de sirga, 1988
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Introduction

INTRODUCTION

This research is part of the attempts to understand the determinants of the long-run
evolution of the Spanish economy during the first long stage of the industrialisation of the
country. Those attempts have been aimed so far at explaining the difficulties of the Spanish
economy to converge with the core European countries before 1936. As is shown by the
most recent international estimates of income per capita, by the eve of the Civil War the
country was probably as far from the richest European economies as it was in the central

decades of the nineteenth century.

In the early analyses of Spanish industrialisation, the lack of convergence with the
core European countries was considered as a sign of the “failure of Spanish industrial
revolution”, as expressed in the title of Jordi Nadal’s highly influential book. The idea of
the anomalous behaviour of the Spanish economy before the Civil War, which was largely
inherited from early twentieth century Spanish intellectuals (regeneracionistas), was based
on the hypothesis that Spain was not the case of a “late joiner” but an anomalous failed
attempt to be among the “first comer” industrial economies.? Unlike this view, further
research has tended to stress the features that Spain shared with other periphera
economies, a perspective has been strongly reinforced by the recent availability of precise
quantitative information about other European poor countries, which has alowed the

definition of different “convergence clubs’ within the continent.®

! For instance, according to Maddison’s international database, the Spanish GDP per capita was slightly
below 60 per cent of the average income per capita of France and the UK both by 1850 and by 1929; see
Maddison (1995h). A similar picture, although at a higher percentage (ca. 70 per cent), is offered by Prados
dela Escosurd's aternative estimates; see Prados de la Escosura (2000). By contrast, Bairoch's previous
estimates had provided a more pessimistic picture, in which Spain would gradually have lost ground with
respect to the core European countries between those two dates; see Bairoch (1976). On the high degree of
uncertainty regarding the level of Spanish income per capitain the middle of the nineteenth century, see Reis
(2000). Nevertheless, this author’s recent alternative estimate for 1850 would not change very much the
E)i cture coming from Maddison’ s data.

Nadal Oller (1975); see especially p. 226. The idea of the “failure” of the Spanish economy was also
gresent in Gabriel Tortella sinitial research, in Tortella Casares (1973), pp. 3-4.

An early attempt to include the Spanish industrialisation in a wider context can be seen, for instance, in
Tortella' s suggestions about the existence of a specific “Latin” or “south-western European” pattern of
industrialisation, in Tortella Casares (1981b), pp. 11-15, a hypothesis that was later developed in detail in
TortellaCasares (1994b). Later on, the idea of the Spanish exceptionality has been fiercely rejected by Fusi
Aizplrua and Palafox Gamir (1997), pp. 11-13, and, in the same direction, Pons Novell and Tirado Fabregat
(2001) and Tirado Fabregat and Pons Novell (2001) have recently shown from a quantitative perspective that
the long-term performance of the Spanish economy was not exceptional in the European context; see also
Williamson (2000). A partially different view, in which the idea of exceptionality reappears, can be seen in
Molinas and Prados de la Escosura (1989), and Prados de la Escosura (1992), where the lack of convergence
between the Spanish economy and the “early starters’, the Latin countries or the Third World is stressed.
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Introduction

In that context, either from a single-country point of view or from an international
perspective the debate about the reasons for Spain’'s lack of convergence has probably
constituted the most important focus of research on Spanish economic history. The central
place of the debate has aways been given to the attempts to explain the inability of the
Spanish industry to grow and to attract active population from an agrarian sector of very
low productivity, in a context in which the development of a modern industrial sector was
essential to grow and converge.* Some interpretations, which were linked to a large extent
with Jordi Nadal’s early research, have insisted in a number of exogenous determinants
that constrained the growth of productivity in Spanish industry and limited its
development. According to that interpretation, factors such as Spanish climate and natural
resources, or the highly uneven land distribution of the country, would have been
responsible for keeping agrarian productivity at very low levels and for retaining a large
share of active population in a sector in which wages were very low.® Those problems
would have substantially constrained the Spanish population demand for industrial
products and, due to the presence of scale economies in industry, would have undermined
international competitiveness of Spanish industrial producers and would have prevented
them the access to foreign markets.® Under those conditions, the lack of cheap coa of good
quality in the country would have further constrained productivity growth in the industrial

sector.’

Under that interpretation, the Spanish public sector would have been one of the
main determinants of the failure of the economy. Its fisca insufficiency would have
prevented it from developing policies that were conducive to economic development. For
instance, the way in which disentailment of the Church’s properties took place, which was
mainly aimed at obtaining fiscal resources, would have been detrimental to the growth of
agrarian productivity.® And the poverty of the State would have also prevented the growth

* The different interpretations on this subject have been summarised, for instance, in Prados de la Escosura
g1997), pp. 85-86.

See especially Nadal Oller (1975). The importance of exogenous factors to explain the underperformance of
the Spanish economy has also been stressed by Tortella Casares (1973), pp. 3-9, (1981b), pp. 12-15, (1994a),
Ep. 1-17, and (1994b)

See especially Nadal Oller and Sudria Triay (1993), pp. 218-220.

" Nadal Oller (1975), pp. 123-154. See also Sudria Triay (1997a).
8 This argument is summarised in Nadal Oller (1975), pp. 226-227.
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of Spanish human capital endowment and would have isolated the country from the

international capital markets due to the absence of monetary discipline.®

Those hypotheses have been challenged by other historians, who have insisted that
the underdevelopment of the Spanish industry was the result of the own sector’s strategy,
which was much more oriented to rent-seeking at the expense of the domestic market than
to compete in the international economy. The resulting high level of tariff protection,
especialy from the 1890's, would have prevented industrial productivity from growing
and, therefore, would have hindered industrial exports and constrained the sector’s size to
the dimensions of the rather narrow domestic demand.® At the same time, tariff protection
in agriculture would have also hampered productivity growth in that sector, and would
therefore have helped to maintain a high share of agrarian active population that, under

different conditions, would have emigrate abroad.*

Interestingly enough, in this alternative explanation of the Spanish lack of
convergence, the poverty of the State is also identified as one of the factors responsible for
the problems of the economy. If the Spanish producers rent-seeking strategy was
successful it was, among other reasons, due to the State's fiscal underdevelopment, which
led it to depend strongly on tariff revenues.'? Therefore, regarding the role of the public
sector, both historiographical perspectives have offered complementary, and non
conflicting, interpretations. And this is especialy relevant from the point of view of the

role of infrastructure in Spanish economic growth.

As s generally accepted, a sufficient endowment of physical infrastructure is one of
the main prerequisites that must be available for a country to experience sustained
economic growth and structural change. In the context of nineteenth and early twentieth

century Spanish economy, infrastructure increases would have been absolutely essential to

° On the role of the Spanish State in the shortage of human capital in the country see, for instance, Tortella
Casares (1994b). The negative impact of the monetary policy of the Spanish State during the gold-standard
years has often been stressed by Pablo Martin Acefia; see, for instance, Martin Acefia (1981) or (1993).

10 See, among others, Prados de la Escosura (1988), p. 175, and (1997), p. 93. That interpretation was fiercely
criticised in Nadal Oller and Sudria Triay (1993).

M Thisis one of the main hypothesis of Sanchez Alonso (1995); see also Prados de la Escosura (1997), p. 94.
Recently, however, Blanca Sanchez Alonso has offered an alternative perspective, according to which
agrarian tariff protection would have fostered emigration, but the income constraint of the Spanish
population, which became worse at the end of the nineteenth century due to monetary depreciation, would
have prevented Spanish workers from moving abroad; see Sanchez Alonso (2000c).

12 See, especially, Fraile Balbin (1991), p. 204. By contrast, tariff protection has been seen as an second-best
alternative way to promote industrial growth by Nadal Oller and Sudria Triay (1993), p. 224. See aso
Carreras (1997), pp. 54-56.
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unlock productivity improvements in the industrial sector. However, infrastructure growth
depended to a large extent on the activity of the public sector and, as has been indicated,
there seems to be unanimity on the inability of the Spanish State to perform adequate

development policies during the period under study.

Accordingly, as could be expected, most interpretations on the role of infrastructure
in Spanish economic growth have been highly pessimistic.® As is usua in international
historiography, analysis on the subject have focused on railways, which was the main
infrastructure asset during the period. Regarding this aspect, most historians have indicated
that the poverty of the Spanish public sector was an obstacle for the establishment of an
adequate railway system in Spain, and that such a failure had negative consequences on
Spanish economic growth. The State’s poverty and inefficiency would have resulted,
firstly, in the virtual absence of backward linkages of railway construction in Spain and,
most importantly, in the underperformance of the railway system once in operation. In
spite of the high expectations that had risen around railway construction in the central
decades of the nineteenth century, the economic impact of the railway system would have
been much lower than expected due to the inadequate public regulation, and the main proof

of that failure would be the low financial returns of the railway companies.

However, pessimism on the role of railways was challenged since the early 1980's
by the outcomes of Gomez Mendoza's quantitative research, which is so far the most
complete historical approach to the Spanish railway system. Unlike most previous
interpretations on the subject, he indicated, on the basis of sound empirical evidence, that
railways had a much more positive impact in Spain than in other European countries. That
outcome was openly in conflict with the most extended interpretations on the subject and,
accordingly, in spite of his methodological rigour, historians have been rather reluctant to
accept Gomez Mendoza's main conclusions. As a consequence, the conflict between the
prevailing perspectives on the issue and the gquantitative evidence provided by this

researcher has given rise to a historiographical paradox that remains unresolved.

In that context, this thesis is amed at providing a new interpretation of the impact
of infrastructure on Spain’s economic growth during the period 1845-1935, which may be
helpful both to get a better understanding of the reasons of Spanish difficulty to grow and

industrialise, and aso to throw some light on the debate on the economic role of Spanish

13 See references on the subject below, in Section 1.4.
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railways. The contributions of the thesis may be summarised into two main aspects. Firstly,
in its first chapters the thesis adopts an aggregate approach to the subject, which has been
absent from most of the historiography so far. The evolution of the whole Spanish
infrastructure stock during the period previous to the Civil War of 1936-1939 is described
in detail and compared with other countries’ infrastructure endowment, and the question of
its economic impact is dealt with from an aggregate point of view. Secondly, the last part
of the thesis addresses the so-called “paradox of the Spanish railways’ from a comparative
perspective and offers a number of possible answers to the aleged conflicts among
different interpretations, as well as a new assessment of the role of railways in the Spanish

economy before 1936.

The thesis is organised as follows. Firstly, Chapter 1 discusses the major theoretical
aspects of the relationship between infrastructure and economic growth, and summarises
the main contributions of the historiography on the subject. In Chapter 2, new yearly series
of Spanish infrastructure stock and investment for the years 1845-1935 are presented,
which provide a broad picture of the evolution and characteristics of infrastructure capital
formation during the period under study, and allow the measurement of its importance
within the whole Spanish economy. Chapter 3 completes that description by analysing the
geographical distribution of infrastructure among the Spanish regions and by researching
into its main determinants. In Chapter 4, the Spanish infrastructure endowment is
compared with that of other countries for which similar data is available, and a preliminary
view of the Spanish relative shortage of infrastructure is offered. Chapter 5 applies
econometric techniques to the estimation of the impact of infrastructure investment on
Spanish economic growth. Finaly, Chapters 6 and 7 focus on the role played by railways
in the nineteenth and early-twentieth Spanish economy and raise severa issues that have
been discussed in the ongoing historiographical debate. Whereas Chapter 6 offers a new
approach to the impact of railways on the Spanish economic growth during the period
under study, in Chapter 7 the evidence that has been presented by some Spanish historians
as proof of the failure of the Spanish railway system is analysed and re-interpreted from a

comparative point of view. Chapter 8 contains the overall conclusions of the thesis.
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Theoretical and historiographical background

CHAPTER ONE

THEORETICAL AND HISTORIOGRAPHICAL BACKGROUND

1.1 The concept of infrastructure
1.2 Infrastructure and economic growth: an overview

1.3 Theroleof infrastructurein nineteenth and early twentieth century

industrialisation

1.4 Infrastructure and Spanish economic growth: historiography

1.1 The concept of infrastructure

It is difficult to find a precise and generally accepted definition of infrastructure.'*
From a very broad point of view, “infrastructure” or “social overhead capital” may be
defined as the structures and support services that are necessary for the economic
development of an area™ Such a wide concept, however, admits numerous different
interpretations. Some authors have given it a rather narrow scope. For instance, from
Hirschman’'s point of view, “the hard core of the concept can probably be restricted to
transportation and power”.!®* On the contrary, other scholars have included within
infrastructure not only transport, energy distribution networks and other similar assets, but
also investment in human resources, ingtitutions or, more generally speaking, what might

be called “civic” infrastructure, i.e. “the way in which businessis done”.*’

14 On the difficulties to obtain an acceptable definition of infrastructure, see Groote (1996), pp. 22-26, or
Button (1996), p. 148, who considers that providing an exact definition of infrastructure is just impossible,
and ends up considering infrastructure simply as: ‘what most people consider it to be’. As Groote has
indicated (op. cit., pp. 24-25), part of the problem lies in the fact that the concept of infrastructure is not
formally included in the UN system of national accounts, but its components are distributed among the
categories “other construction” and “land improvement”. On the other hand, the concept “non-residential
structures’, which is also widely used in capital stock estimates, is much more comprehensive than
infrastructure; see Maddison (1995a) or Hofman (1992).

15 See, for instance, Draper and Herce (1994), p. 130. “Infrastructure” and “Social Overhead Capital” are
treated here as synonyms, as they have been in most economic literature. See an exception in Hansen (1965),
p. 5.

16 Hirschman (1958), p. 83.

17 Stern (1991), p. 128; see also Hansen (1965), p. 5, and Bergman and Sun (1996), p. 18.
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Most empirical studies, however, tend to fal somewhere between those two
extreme interpretations, and consider infrastructure as a series of physical capital goods
that are fixed to the territory and provide services which show some of the typical features
of public goods.'® Nevertheless, this description is still vague enough to allow the inclusion
within the concept of a wide variety of elements and, in fact, the problems of definition
have led most researchers to enumerate the assets that they consider in their analyses.!®
The most usual categories that are embraced by empirical analyses of infrastructure are the

following:

transportation

communication

energy supply

water infrastructure

education infrastructure

health infrastructure

urban infrastructure

cultural, sports and tourist facilities
social services

natural endowment.?°

Those elements are normally distributed into economic infrastructure (i.e., assets
that provide direct services to production) and social infrastructure (i.e., assets that
enhance social welfare).?! The main rationale for that division is the fact that, as has been

shown by empirical studies, the impact of each of those two categories on productivity is

18 Broadly speaking, infrastructure services are similar to public goods as far as: “(i) there is a substantial
cost of providing the service to an area and a small marginal cost of adding an extra customer to the area
servicegrid (...) and (ii) charging customers the marginal cost of providing the service once the area service
has been established will not lead to an efficient allocation of resources’; Diewert (1986), pp. 3-4. However,
infrastructure services are not usually seen as pure public goods, because they may show some degree of
rivalry and/or excludability; see adiscussion on thisissuein Button (1996), p. 148-151.

19 Alternatively, some authors have chosen a different definition strategy, namely to consider
“infrastructureness’ as an economic quality, which may be present in different degrees in each physical
capital good. An exampleis Y oungson (1967), p. 68, who defines infrastructure not as a set of assets but as
“a set of properties. Capital instruments may possess none, or some, or all of these properties in varying
degrees’. In the same direction, Biehl (1984), pp. 100-105, indicates that different assets show different
levels of “infrastructureness”’.

20 see, for instance, Biehl (1984), pp. 102-108, or Diamond and Spence (1989), p. 38.

21 See, for instance, Batten (1990), p. 88. This is not a strict division, because some elements, such as
universities, perform both economic and social functions.
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very different, economic infrastructure being much more conducive to direct efficiency

increases.

This research focuses on economic infrastructure. The reason for that choice is
twofold. On the one hand, the aforementioned difference in the relationships that link
economic growth with social and economic infrastructure makes a separate study of each
of those two categories convenient. And, on the other hand, most information about the
historical evolution of the Spanish socia infrastructure is only localy available and its
analysis is therefore beyond the possibilities of an individual researcher. Accordingly, the
assets that have been considered in this study are the following:

trangport infrastructure (roads, railways, canals, harbours and airports).
communication infrastructure (telegraph and telephone networks).
energy distribution networks.
water infrastructure (dams and irrigation canals).

urban and suburban infrastructure.

1.2 Infrastructure and economic growth: an overview

The analysis of the impact of infrastructure on economic growth may be traced
back to the origins of modern economics. The link established by Adam Smith between
market size (which he considered largely determined by transport possibilities) and the
specialisation of production,?® aswell as the reflections of Von Thiinen, Weber, Losch and
other nineteenth and early twentieth century economists on the impact of transport costs on
location,>* are representative examples of that early concern. However, the first
comprehensive analysis of the impact of infrastructure on economic growth was offered in

the 1950's and 1960’ s by development economists. Infrastructure was then given a central

22 5ee, for example, Aschauer (1989), pp. 193-194, who stresses the higher growth impact of economic or, as
he calls it, “core” infrastructure; see also Hansen (1965), pp. 7-12, Looney and Frederiksen (1981), p. 293,
Canning (2000), p. 3, and, for the Spanish case during the last few decades, Mas et al (1996), p. 647.

Z«Asit isthe power of exchanging that gives occasion to the division of labour, so the extent of this division
must always be limited by the extent of that power, or, in other words, by the extent of the market”; Smith
(1930), p. 19; see a'so pp. 20-23.

24 On the theoretical contributions of those early location economists, see Ponsard (1983) or Fujita et al
(2000), pp. 15-41.
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position among the factors explaining economic progress, and was considered a necessary

condition for an economy to initiate a process of sustained growth. %

The technical problems of dealing with increasing returns and non-linearities
prevented the contributions of Development Economics to reach a wholly mathematical
expression. However, they contained most of the ideas that were to be formalised a few
decades later. For instance, the potentia of infrastructure to help the economy to overcome
low-level disequilibrium traps, its quality of being a necessary but non-sufficient condition
for economic growth, the importance of network effects, or the link between infrastructure
investment and the growth of the technologically advanced sectors of the economy, are
ideas that were already present in the reflections of mid-twentieth century development

theorists.?®

Since the late 1980's a renewed interest in infrastructure has spread among
mainstream economists, and numerous questions that had been raised by development
economics a few decades earlier have again been paid close attention. That revived interest
has resulted in two main lines of research. On the one hand, in the context of the attempts
to explain the contemporary slowdown in Western economies productivity growth, an
overwhelming amount of analyses have been carried out to measure the easticity of
aggregate production with respect to infrastructure increases. Many of those works have
concluded that infrastructure has a clearly positive and significant impact on productivity,
and have proposed a policy of high public investment for the economy to enjoy again high
rates of growth.?” On the other hand, New Growth Theory and New Economic Geography

have provided a theoretical basis for the analysis of the link between infrastructure and

5 For instance, in Rosenstein-Rodan and Rostow’s works, infrastructure was included among the essential
preconditions for, respectively, the “big push” and the “take-off” of industrialisation; see Rosenstein-Rodan
(1943), p. 208, and Rostow (1960), pp. 17-18; on Rosenstein-Rodan’ s approach see also Weitzman (1970), p.
569. The same prominence of infrastructure may be found in the writings of other development economists,
such as Hansen (1965), Heyman (1965), Hirschman (1958), Kindleberger (1965), Nurkse (1953), Tinbergen
§1967) or Youngson (1967).

® The threshold effect of infrastructure investment is analysed, for instance, in Nurkse (1953), p. 152,
Hirschman (1958), p. 86, Youngson (1967), p. 68, or Maizels (1968), p. 124. The risk of infrastructure
investment to be helpless in certain contexts was already stressed by Heyman (1965), p. 31, and Hirschman
(1958), pp. 89-96. This author, among others, defended, as a consequence, the need to follow unbalanced
growth strategies, which were in turn criticised in Kindleberger (1965), pp. 196-198. Finally, the relationship
between infrastructure investment and the growth of the technologically advanced sectors of the economy
was already present in Youngson's idea that “overhead capital is facilitating investment which promotes
innovation”; see Y oungson (1967), p. 71.

27 The earliest examples of this kind of research are Mera (1973), Looney and Frederiksen (1981), Eberts
(1986), Costa et al (1987) and Aschauer (1989). Further measurement exercises are so abundant that
constitute, in Gramlich’swords, “a flurry of work all out of proportion”; Gramlich (1994), p. 1176. A survey
can be found in Sturm et al (1998); see also Section 5.3 of thisthesis.
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economic growth. Thanks to the contributions of these two bodies of research, it is now

possible to study the economic role of infrastructure from a rather consistent position.

There are two main ways in which infrastructure may affect the evolution of a
specific economy. On the one hand, from the point of view of the demand for other
sectors’ output, infrastructure construction has a direct impact on the level of production of
certain activities. On the other hand, from the point of view of the supply of infrastructure
services, increases in infrastructure endowment change the cost structure of firms. The first
of those two effects (which is usually referred to as the “backward linkage” of
infrastructure investment) has been a classical concern of economic policy, and the basis
for the use of public investment as a countercyclical instrument. The demand effects of
infrastructure construction may be positive or negative (for instance, if it crowds out
private investment) and, under certain circumstances, may have long-term consequences.
This may happen, for instance, if the supplier industries are able to exploit scale economies
and apply new technologies thanks to the demand associated with infrastructure
investment. Demand effects, however, more often have a short-term character and tend to
disappear in the medium term. Accordingly, they are usually paid less attention in analyses

focusing on long-run economic growth. 28

From the point of view of the supply of services, an improvement in infrastructure
endowment has substantial cost-saving effects at the firm level in the short term. Those
effects take place, on the one hand, through direct reductions in the price of some inputs,
such as energy or water, and, on the other hand, through decreases in the prices of both the
rest of the inputs and the output, thanks to the genera reduction in transport and
distribution costs.?® But, unlike the “backward linkages’ of infrastructure construction that
have been described before, the consequences of the cost reductions brought about by
infrastructure use to go beyond their pure short-term impact. In fact, the economic
importance of infrastructure improvement lies to a great extent in the dynamic long-term
consequences of those cost reductions and, more concretely, in the changes in the structure

of location incentives that they produce through the removal of location constraints.

28 The “backward effects’ of infrastructure construction are dealt with, for instance, in Diamond and Spence
(1989), p. 57, Bruinsmaet al (1990), p. 224, Kessides (1996), pp. 222-223, or Nijkamp and Rienstra (1998),
p. 185.

29 See Diamond and Spence (1989), pp. 53-54.
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More concretely, as a consequence of the reduction in transport and distribution
costs brought about by infrastructure, production is alowed to move away from input or
output markets, and freely choose an optimal location.*° That process has two main effects.
Firstly, the economy is allowed to exploit fixed resources that had remained idle so far due
to high transport costs. And, secondly, a large share of non-agrarian production activities
may concentrate in a few industrial centres. This is possible not only because it is no
longer necessary for producers to be close to input or output markets, but aso because

infrastructure reduces the problem of congestion of cities and industrial districts.3!

Geographical concentration of the activity is crucial for the growth of developing
economies, because it substantially fosters the development of the technologically
advanced sectors. As new economic geographers have stressed, during the early stages of
economic development, the growth of those sectors takes place to a large extent through
their concentration in industrial districts and urban centres which, at the same time,
become increasingly specialised.®? In that context, the specialisation of regions and the
localisation of economic activities turn out to be self-reproducing phenomena, which are
motivated and sustained by the advantages that firms get from the process, through the

exploitation of scale economies, comparative advantages and agglomeration externalities.®

New Growth Theory has pointed out that the development of technologicaly
advanced sectors is essential for an economy to enjoy increasing returns to scale (IRS) in
production and, therefore, to undertake a sustained process of growth.* In other words,

those sectors play a leading role in an economy’s progression towards a cumulative

30 On the influence of infrastructure endowment on the level of transport costs in different countries, see
Bougheas et al (1999) and, specially, Lim&o and Venables (2000).

31 The two limits to the concentration of the activity (i.e. transport costs and congestion) are described by
Puga (1996), p. 3, who indicates that, during the early stages of Western industrialisation, the first of these
two problems was much more influential than the latter.

32 Actually, the process of concentration of the activity tends to show an inverted U shape and, accordingly,
starts decreasing at a certain point of time; see, for instance, Ottaviano and Puga (1997), pp. 26 and 29-30, or,
for the US case, Kim (1995).

33 Out of these three factors, agglomeration externalities are probably the most difficult to deal with. They
have been a classical concern of economic theory, whose origins can be traced back to Marshall (1916), pp.
271-273, and, later on, to the works of Perroux (1955), p. 317, and Pred (1966), pp. 24-46; see a recent
survey on the subject in Fujita and Thisse (1996). Problems mainly arise in the empirical analysis of the
subject, due to the difficulties to measure agglomeration externalities in practice, and the results of the
existing studies are not completely straightforward on their relevance. Glaeser et a (1992) and Henderson et
a (1995), for instance, have identified different types of agglomeration externalities in the recent experience
of US cities, but Kim (1995), on the contrary, has found no clear evidence of externalities in the long run
trends of US industry specialisation and localisation, and has indicated that scale economies and comparative
advantage seem to be much more relevant for explaining these processes.

34 See especially Romer (1986) and (1990), and Lucas (1988).
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development process and towards overcoming decreasing returns to scale (DRS) and
underdevelopment traps.®® Therefore, as far as infrastructure contributes to the
development of the most advanced sectors of the economy, it plays a central role in the

process of long-term economic growth of a country. 3¢

However, the described dynamics are far from automatic. On the one hand, the
economy must incur substantial adjustment costs in the short term in order to adapt to the
new conditions created by infrastructure.3” And, on the other hand, and more importantly,
there are many intermediate factors that interfere with the final economic impact of
infrastructure improvement. As Holtz-Eakin and Lovely warn in their mode of
infrastructure impact, the actual relocation effects of infrastructure depend on both the
characteristics of the existing technology and the structure of markets. Where industrial
sectors that experience either low scale economies, weak intersectoral linkages or a high
degree of market power at the firm level are dominant, the economy is unlikely to react to
cost reductions brought about by infrastructure improvements.®® In those cases, no strong
trend towards the relocation of the activity is to be found and, therefore, the long-term

impact of infrastructure is much less intense.

In addition, the impact of infrastructure is also determined by factors outside the
most directly affected sectors. Actually, according to “new economic geographers’, the
relocation of activity is a process that involves the whole economy, since it is the result of
the interaction of four factors. i) the characteristics of the existing technology, (as has
already been indicated), ii) the mobility of factors among sectors and across regions, iii)

the size of the available markets, and iv) the level of transport costs (which is the result of

35 On the presence of both DRS and IRS sectors in backward economies and the existence of low-level
disequilibrium traps, see Murphy et al (1989), Azariadis and Drazen (1990) and Boldrin (1992).
36 Apart from the “New Economic Geography” , other authors have provided complementary perspectives of
the link between infrastructure and the technological level of an area. For instance, Suérez-Villa (1996), pp.
254-255, indicates that infrastructure may increase the quality and the access to education, and may facilitate
the migration of highly skilled professionals, and Barro and Sala-i-Martin (1995), p. 34, include
infrastructure among the factors that “are ultimately key determinants of an area’s attractiveness for
groduction and research”.

’ See, for instance, Lakshmanan (1989), p. 245.
38 Holtz-Eakin and Lovely (1996). See also Takahashi (1998), p. 215, who indicates that the optimal level of
infrastructure endowment increases with the importance of IRS in private production. In fact, those
considerations may be related to the widespread characterisation of infrastructure as a necessary but non-
sufficient condition for growth, which can be found, among others, in Diamond and Spence (1989), p. 34,
Krugman (1991), p. 486, Capello and Gillespie (1993), p. 44, Krugman and Venables (1995), Venables and
Gasiorek (1998), pp. 17-18, or Dugga et a (1999), p. 72. Similarly, Johansson (1993), p. 131, consider
infrastructure just as a “potential”, which may or may not be exploited by the economy and Biehl insists that
infrastructure may be useless if the level of urbanisation and industrialisation of the country and the closeness
to core economies are too low; see Biehl (1984).
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infrastructure improvement, but also of other factors, such as geography and trade
policy).®® Therefore, infrastructure improvement is only one among severa factors
determining the relocation of activity. Some global features of the economy under study,
such as the size of markets and the mobility of resources, are crucia for the process to
advance. A low level of consumption of industrial products, or an immobile labour force,
may act as absolute constraints to the process and, therefore, may prevent infrastructure

from exerting all its potential impact.

Obvioudy, market size and factor mobility themselves depend on a wide range of
characteristics of the economy. Among them, the level of GDP per capita, income
distribution, the productivity of the traditional sectors, the human capital endowment and
the State's policies may be mentioned.*° In fact, all those elements are interconnected, and
whereas all of them affect the impact of infrastructure on the economy, infrastructure itself
may aso modify them. For instance, in the early stages of development of an economy,
infrastructure may ease the commerciadisation of traditional products and, as a
consequence, may stimulate productivity growth in the traditional sectors, in a process that
enlarges both market size (through the level of income) and factor mobility (since

productivity increases in those sectors allow the release of labour).

As a consequence, the relationship between infrastructure and economic growth
offers a picture of extreme complexity and, in fact, the impact of infrastructure may be
largely eroded if a number of other essential factors are absent. Under certain conditions,
infrastructure improvement may be irrelevant or even harmful for the economy. This may
be the case, for instance, if a decrease in transportation costs and the subsequent increase in
accessibility result in the substitution of more competitive foreign products for domestic

ones in the national market, due to the lack of response by internal production. **

39 See, among others, Krugman (1991), Fujita and Thisse (1996), pp. 368-372, Venables (1996), Puga (1996),
p&). 23-24, or Puga and Venables (1999).

“0 See, for instance, Krugman (1995), p. 50, or Puga and Venables (1999), pp. 303. As has been indicated by
Humplick (1996), p. 129, among others, a higher level of development or a better designed economic policy
increase the potential impact of infrastructure not only through the factors that determine that impact (such as
market size or resources mobility), but also by improving efficiency in the management of infrastructure
services.

1 See Bergman and Sun (1996), pp. 17 and 30, and Vickerman (1991b) and (1995b). In the same vain,
Dugonjid (1989) and Martin and Rogers (1995) stress the need to distinguish between large scale and local
infrastructure, and warn that the former may have a negative impact on the economic performance of
peripheral regions if it is not accompanied by the latter. Similarly, Comfort (1988) insists on the need to
complement infrastructure investment with other types of policy to foster development in lagging areas.
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But there are other additional facts that further complicate the link between
infrastructure and growth. Firstly, the actual impact of infrastructure depends not only on
the existing physica endowment, but also on the efficiency with which it is designed and
managed.*?> Secondly, geography may make infrastructure development much more
expensive in some countries than in others and, accordingly, may reduce the returns to the
invested resources.”® And, thirdly, as has aready been indicated, most infrastructure
investment must be provided in large units, sometimes ahead of demand. Lumpiness
means, on the one hand, that the full long-term impact of infrastructure may take a long
time to be effective and, on the other hand, that a great deal of infrastructure investment
comes in the form of large networks, which completely change the conditions under which
an economy operates. As a consequence, construction of major networks may yield much
higher returns than incremental additions to these networks, and the growth impact of
infrastructure investment is therefore characterised by discontinuities closely associated

with the development of new technology. *4

It is therefore difficult to exaggerate the complexity of the relationship between
infrastructure and economic growth. This relationship depends on a wide range of
elements, such as geography, the quality of infrastructure itself, the features of the existing
technology and a large series of factors determining the size of markets and the mobility of
resources. All these aspects must be taken into account to achieve a meaningful
explanation of the impact of infrastructure investment on a country’s economic
performance. The next section describes the way in which this question has been addressed

in the context of the study of nineteenth and early twentieth century industrialisation.

42 See, for instance, Hulten and Schwab (1993), pp. 270-271, Gramlich (1994), pp. 1189-1193, Vickerman
(1995a), p. 39, Kessides (1996), pp. 226-227, Vickerman et al (1999), p. 3, or Frybourg and Nijkamp (1998),
pp. 17-19 and 30, who indicate that infrastructure “hardware” (i.e. the tangible materia element of
infrastructure) must be paid the same attention as infrastructure “orgware”, “finware” and “ecoware” (i.e. its
organisational, financial and environmental aspects).

3 For the problems of landlocked countries, see Gallup et al (1999), p. 184, and Overman et a (2001), p. 8;
for low populated countries, Chu (1997) and Gallup et a (1999), and for ill-situated and poorly endowed
countries, see Bougheas et a (1999), pp. 176-177.

4 See, for instance, Murphy et al (1989), p. 1024, Biehl (1991), p. 15, Hulten and Schwab (1993), p. 269,
Nijkamp and Rienstra (1998), pp. 192-193, Bougheas et al (1999), p. 173, or Fernald (1999).
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1.3 The role of infrastructure in nineteenth and early twentieth century

industrialisation

In the Western economies, the process of industrialisation during the nineteenth and
early twentieth centuries was accompanied by a sustained increase in the available physical
infrastructure. The continuous reduction in transport, communication and urban congestion
costs constituted an essential condition for technological change and productivity growth
to spread across Europe and overseas. In fact, there was a process of mutua influence,
since the main infrastructure improvements depended to a large extent on the application
of new technology (such as steam, electricity, new materials, and advances in civil

engineering) to the fields of transport and communication. *°

Until the mid-twentieth century, historians attention focused to a large extent on
the role that railways played within that process. As a massive investment, which changed
the image of Europe at least as much as the factory system, they were long considered the
“hero” of nineteenth century industrialisation, other infrastructure investment being paid
much less attention. *® Unanimity, however, was broken when Robert Fogel estimated the
“socia saving” that railways had afforded to the American economy during the nineteenth
century, on the basis of a comparison of railway transport costs with the next best available
alternative. His counterfactual exercise led him to reject the indispensability of railways for

US economic growth. 4’

Fogel’s conclusions challenged the generally accepted ideas about the impact of
rallways on nineteenth century economies and, therefore, provoked many different
reactions. Whereas some scholars raised a number of technical caveats to his estimation
methods, another group of historians devoted their research efforts to replicating Fogel’s
procedures for other countries, obtaining a very diverse set of results.*® However, as Paul
David stressed:

5 O'Brien (1983b), pp. 1-2; Freeman and Aldcroft (1988); Andersson and Stromquist (1989), p. 30.

6 The “hero” theory of railways is well represented by authors such as Jenks (1944), Rostow (1960),
Gerschenkron (1962) or Woodruff (1966).

47 Fogel (1964). “Social saving” estimates are considered to provide an upper bound measure of the resource
saving brought about by railways; see Fogel (1979), p. 5, and also Section 6.2 below.

8 Fogel (1979) is asummary of the controversy about the social saving model. A survey of the social saving
estimates that were produced in the wake of Fogel can be seen in O'Brien (1983b), p. 10, although, as this
author indicates elsewhere, “there are differences in the content of the construct as used by Fogel and other
new economic historians of railways, differences which turn largely upon the ceteris paribus conditions
deemed to pertain in the counterfactual economy deprived of railways’; O’ Brien (1977), p. 23.
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“the central idea in Fogel’s book is really not especially concerned with the
role railroads played in US economic growth. It touches that question only by
implication and by way of illustration. For, most simply stated, Fogel’s main thesis
is that «no single innovation was vital for economic growth during the nineteenth

century»”.4°

Fogel himself recognised that his model could not encompass the question of the
globa impact of railways on economic growth, which would have required research to
move from the static “social saving” approach to a dynamic and general-equilibrium-
oriented perspective.® Instead, what Fogel considered to be one of the most important
contributions of the social saving literature was the idea that the analysis of the economic
impact of railways only made sense if it was integrated in the whole study of the

transportation system. In his own words:

“[i]t is a misleading oversimplification to identify wagons, waterways and
railroads with a sequence of temporal stages in which each was predominant (...).
The transportation system that evolved during the nineteenth century embraced all

three modes” .>*

In that context, the attention had to be shifted from railways to the total increase in
trangportation productivity during industrialisation.

When Fogel was stressing the importance of the complementarities between
different transport means, the outcomes of some researchers on the role of roads or
waterways during industrialisation provided additional support to his suggestions.
Trangport historians observed that, before the birth of the railways, the existing transport
means had serviced the needs of some of the growing European economies without serious

problems.>? And even after the arrival of the railways, the alternative transportation modes

9 David (1969), p. 507. In the same vain, Fishlow insisted at the time on the need to reject the idea of
“unequivocal primer movers’ in the process of economic development; see Fishlow (1965), p. 204.

0 Fogel (1979), pp. 5 and 45. See also O’ Brien (1977), pp. 39 and 100.

>! Fogel (1979), p. 49.

52 See especially, for Britain, Mitchell (1964), p. 316, and Albert (1972), pp. 186-187, and, for Belgium,
Genicot (1946), p. 508. The positive growth impact of the pre-railway transport system on the British and
Dutch economies has also been stressed, among others, by Freeman (1983), pp. 18-19, Ville (1990), pp. 13-
29, Szostak (1991), De Jong (1992), p. 20, and Barker and Gerhold (1993), pp. 33-34. In the case of
communications, Kaukiainen (2001) has also described very intense improvements in the speed of
information transmission before the telegraph. On the other hand, historians have been much more
pessimistic about the pre-railway situation in France or Spain, due to the geographical features of those two
countries and their high dependence on animal power for transport; on the French case see Price (1975), p.
18, and (1983), pp. 36 and 45; on Spain, see below, Section 1.4.
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continued to play playing an indispensable role in the most developed economies of the

continent.>3

In fact, during the second half of the nineteenth century the displacement of road
and water transport by railways was quite limited. Roads, waterways and coastal
navigation were specially adapted to certain sectors of the transport market for which
railways could not compete. On the one hand, roads provided competitive transport
services in the shortest hauls, among other reasons because they avoided transhipping costs
and made the supply of door-to-door services possible. On the other hand, waterways and
coastal shipping remained competitive in the transport of bulky, low-value commodities as
well as in a great proportion of those longest haul services in which speed and precision
were not crucial. Railways only had a clear advantage over the two other means in

medium-to-long hauls and, especially, in passenger and high-value freight transport.>*

Accordingly, during the second half of the nineteenth century efforts towards
infrastructure improvement were distributed among al these different modes. The bulk of
investment was indeed devoted to railway construction. But investment efforts were not at
al confined to railways. On the contrary, the availability and quality of roads were

increased in all countries,®® new waterways were constructed and the old ones were

>3 See, for instance, Vamplew (1972), pp. 140-143, Berend and Ranki (1982), pp. 92-93, Fremdling (1983),
p. 137, Laffut (1983), p. 217, Armstrong (1987), pp. 176-177, Bagwell and Armstrong (1988), pp. 173-175,
Ville (1990), pp. 42-43 and 159, or Kunz (1994), pp. 197-198. The Netherlands was the country in which
alternative transport means played the most prominent role during the railway era, due to the high quality of
the existing networks; see De Jong (1992), p. 20.

4 On the complementary nature of different transport means, Armstrong has indicated that: “Instead of a
simple view of successive eras dominated by the current champion as it super sedes the previous favourite, we
have a much more complex picture in which multiple modes of transport coexist, each offering different
strengths which appealed to different types of customer, depending on a variety of characteristics among
which price was only one consideration. Speed, reliability, frequency, the minimum quantity, the precise
origin and destination, as also the quality of the service, were important and had to be matched to the
specific characteristics of the commodity to be moved and the customer served”; Armstrong (1998), p. 166.
An early defence of the need to see the history of the different transport means as an integrated whole, in
Sherrington (1969) [1934], p. 8.; see also Girard (1966), pp. 213 and 243, Albert (1972), p. 196, Krantz
(1972), pp. 23-27, Barker and Savage (1974), pp. 47 and 63, Price (1975), p. 12, and (1983), pp. 287-288,
Tilly (1978), pp. 412-413, Fogel (1979), pp. 30-34, Laffut (1992), p. 87, Ville (1990), p. 22-23, and (1994),
p. 197, and Barker and Gerhold (1993), pp. 43-46. The advantages of waterways in the transportation of
bulky product have been dealt with, for instance, by Léon (1904), pp. 580-586, Merger (1990) and
Armstrong (1995). The advantages of railways in passenger transport have been described, for instance, by
Vamplew (1972), pp. 135-137, Barker and Savage (1974), p. 63, or O'Brien (1983b), p. 3. The situation that
is described in the text was subject to changes associated to the evolution of technology. For instance, after
the First World War traffic switched again from railways to roads, specially in short-to-medium distances,
this process is described in detail, for instance, in Barker and Savage (1974), pp. 154-155, Barker and
Gerhold (1993) or Butterfield (1995), p. 182.

%5 On road improvement during the nineteenth century in different countries, see, for instance, Léon (1904),
pp. 579-580, Blum (1943), pp. 26-27, Tilly (1978), p. 412, Laffut (1983), pp. 218-219, De Jong (1992), p. 10,
Price (1983), pp. 259-271, and also Ville (1990), pp. 13-29.
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improved,®® and a large amount of resources was devoted to the enlargement of port
infrastructure, which was adapted for the development of coastal and deep-sea shipping. >’
In addition, the construction of transport infrastructure was complemented during the
nineteenth and early twentieth century by investment in communication networks. In a
context of progressive market integration, the telegraph and telephone systems provided an
additional instrument for the development of interregional and international economic
relations, having no superior in the rapid transmission of information.>® At the same time,
as urbanisation proceeded, the expansion of urban infrastructure reduced congestion costs
and made large cities viable. Streets, urban transport, energy and water distribution, public
lighting and sewer systems represented in that context a necessary addition to the large

transport and communication networks.>®

In this context, the initial excessive attention paid to railways by historians has been
replaced by a much richer perspective, which stresses the internal complexity of
infrastructure. And, at the same time, the analysis of the impact of infrastructure on growth
has gradually shifted from both the “hero” theories and the purely static social-saving
approaches to a dynamic and general equilibrium oriented perspective.®® Just after Fogel’s
contribution, Williamson’s general equilibrium exercise constituted a pioneering attempt to
advance towards such an approach.®® However, the amount of assumptions that are
necessary in general equilibrium analysis has discouraged historians from following
Williamson's methods, and an increasing effort has instead been devoted to the separate
description of each long-term economic consequence of infrastructure investment. In the
process, this change of focus has led to the return of some of the old ideas of the “pre-

socia-savings’ pioneers in the historiography of infrastructure.

The fields covered by recent historical research have been very diverse. Firstly,
railway “backward linkages’ have been analysed for several economies, paying attention

to their long-term technological impact, which appears to have been very different among

%6 On the improvement of inland waterways in different countries during the second half of the nineteenth
century, see Milward and Saul (1977), p. 43, Hadfield (1986), pp. 145-173, Kunz (1992) and (1995), p. 31, or
Kunz and Armstrong (1995b), p. 8.

57 Seg, for instance, Pounds (1985), pp. 463-465, or Jackson (1988), pp. 226 and 245.

%8 Seg, for instance, Flynn and Preston (1999), p. 438.

%9 The relationship between urban growth and urban infrastructure has been analysed, for instance, by Barker
(1988) or Nufiez Romero-Balmas (1996a), and its crucia role in nineteenth century US economic growth is
stressed in Abramovitz (1993), p. 226.

€0 On the importance of this change see Carreras (1995).

61 See Williamson (1974), p. 191.
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countries.®? Secondly, the relocation effects of infrastructure have been explored for
several countries and regions. Researchers have insisted on the importance of transport
cost reductions in increasing the size of markets for industry, in allowing certain previously
isolated regions to access external markets, and in eliminating the problems of food supply
to some areas. All those effects were crucial for economic growth, since they facilitated the
relocation of activity and the exploitation of scale, specialisation and agglomeration
economies.®® However, in line with the ideas of New Economic Geography, historians
have recognised that the final impact of infrastructure investment on location during
industrialisation varied according to a wide range of characteristics of the economy. They
have even indicated that, in some cases, infrastructure improvement could be irrelevant or
damaging for an area, as might happen if the decrease in transport costs resulted in the
substitution of more competitive foreign products for domestic ones in the national
market.%*

A number of studies have tried to test quantitatively, from an aggregate point of
view, the link between infrastructure improvement and the long-term process of
reorganisation of economic activity. Firstly, some researchers have estimated the impact of
infrastructure investment on the level of urbanisation of the European countries, with
significant and positive results. Nevertheless, they have indicated that the reduction of
transport costs was a necessary but non-sufficient condition for urban growth, in line with

the predictions of economic theory. ®

62 Considerations on this subject are indebted to the classical analyses by Rostow (1960) and Fogel (1964),
and surveys for different countries can be seen in Ville (1990), pp. 145-153, and (1994), pp. 200-205, and,
especialy, in O'Brien (1983b), pp. 18-22. All these authors insist on the importance of railway “backward
linkages” in the cases of the iron and electric industries. However, O’ Brien indicates that for the “backward
linkages” of infrastructure to have had a long-term impact, a sufficient endowment of other resources (such
as human capital) and arelatively high level of autonomous demand must have been present in the economy.
In other words, the range of economies in which the “backward linkages” of infrastructure can have made a
difference seems to be quite narrow. Similar considerations are made by Fogel (1979), p. 39, n. 77. Actually,
the fields in which the long-term “backward linkages’ of infrastructure investment seem to have been most
widespread among countries during industrialisation are not the industrial sectors but the financial markets,
the organisation of business and the State’ s economic policy.

83 For the US case, see Fishlow (1965), p. 311, Kim (1995) and Cain (1997), pp. 132-134; for Britain before
and during the industrial revolution, Albert (1972), p. 113, and Szostak (1991), p. 31; for the Netherlands,
Griffiths (1982); and for the specific relocation impact of inland navigation infrastructure, Niemeijer (1995)
and Armstrong (1995), pp. 307-308. See also, from a general point of view, O'Brien (1983b), pp. 20-22,
Pounds (1985), pp. 488-489, Bairoch (1990), pp. 148-149, and Ville (1990), pp. 154-166, and (1994), pp.
204-212.

54 See, for instance, O’ Brien (1983b), pp. 20-22, and Hart (1983), pp. 15-18.

% See Bairoch (1990), who indicates that the effect of infrastructure improvement on urbanisation would
have been negligible without the increase in agricultural productivity that took place after 1800.
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Secondly, other authors have tried to explain a country’s urban hierarchy by
comparing the size of each city with its accessibility through the available infrastructure
networks. However, they have not found any strong link between the two variables.
Although the non-structural character of those pieces of research may explain the lack of
positive results, failure to find a link between accessibility and urban hierarchy has also
been interpreted as proof that “creation of transport infrastructure was reflected more in a
change to the operating mode of the urban network as a whole rather than by individual

demographic effects measurable on the sum of its component towns”.°

Finaly, two studies have tried to measure the whole long-term growth impact of
infrastructure by using different econometric methods. On the one hand, from a single-
country perspective, Groote, Jacobs and Sturm carried out a time-series analysis of Dutch
economic growth, but the estimation outcomes could only capture a significant positive
impact of infrastructure investment in the short term.®” Secondly, in a recent research,
Foreman-Peck and Lains included the level of infrastructure endowment (as measured by
the size of the national railway networks) in a panel data model aimed at explaining the
level of income per capita of alarge sample of European countries during the period 1870-
1910. However, their results are again disappointing, since they were unable to find any
direct impact of infrastructure on economic growth.®® Actualy, the ambiguity of the
outcomes of all those quantitative approaches shows the high complexity and variability of
the relationship between infrastructure and economic progress, and points to the need to

complement aggregate analyses with more detailed descriptions of particular processes.®

Spain, like every other country in Europe, was involved in an intense process of

infrastructure improvement from the beginning of industrialisation, which completely

86 |_epetit (1994), p. 348; this researcher analyses the impact of the road network on the French urban system
in the period 1740-1840, with no significant results. Similarly, Pumain (1982) indicates that French railways
did not make a difference in the growth of each individual city during the period 1836-1911, because the
network just adapted to the existing urban hierarchy. Van der Knaap (1978), pp. 96-116, obtains slightly
positive, but still inconclusive results on the impact of road, waterway and railway networks on the Dutch
urban hierarchy during the period 1850-1970.

67 Groote et a (1999); see a detailed description of that estimation exercise in Sections 5.3 and 5.4 of this
thesis.

%8 Foreman-Peck and Lains (2000), p. 95. They, however, found a slight indirect impact of infrastructure on
the levels of income per capitathrough the reduction of the share of active population involved in agriculture.
% Freeman (1983), pp. 18-19, indicates that the link between infrastructure improvement and economic
performance should be expected to vary over space and through time, preventing generalisations. In the same
vain, O'Brien (1983b) is rather sceptic on the feasibility of an aggregate analysis of the growth impact of
railways. He indicates that “even if models could be designed to capture the complex interconnections of
railways to economic growth through time, empirically the task of quantification seems impossible.” (p. 14).
See also Fogel (1979), p. 48.
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changed the conditions under which the economy operated. In Spain, as they did in other
countries, the process of infrastructure construction and its impact on growth reflected
Spanish geographic, demographic and economic features. The next section summarises the
main contributions of the literature regarding the role that infrastructure played in Spanish

industrialisation, and indicates the main questions that are nowadays under discussion.

1.4 Infrastructure and Spanish economic growth: historiography

Although the research on the historical evolution of Spanish infrastructure has a
very long tradition, the first systematic approach to its impact on Spanish economic growth
dates back to the 1970’s and was produced in the context of Gabriel Tortella' s analysis of
nineteenth century Spanish industridisation.”®  Unsurprisingly, this pioneer's
interpretations had two features that were also present in the work of his US counterparts
some years before. On the one hand, his research focused on railways, paying very little
attention to other types of infrastructure. And, on the other hand, his deep pessimism on the
subject largely reflected the opinions that were expressed by contemporaries in the late
nineteenth and early twentieth centuries, as US historians’ optimistic views had done
before.” Therefore, in Spain, instead of being seen as the “hero” of industrialisation,
railways were included among the explanatory factors of the underperformance of the

economy during industrialisation.

In his research, Tortella stressed a number of shortcomings that had characterised
the establishment of the railway system in Spain. Firstly, from his point of view, Spanish

railways were constructed ahead of demand, without paying any serious attention to rea

® Tortella Casares (1973). Before the mid-1970's, the study of the history of Spanish infrastructure had been
either politically-oriented or purely descriptive. Examples of the first kind of works are Alzolay Minondo
(1979) [1899] or Sanchez de Toca (1911), whereas Arrillaga (1930), Menéndez Pidal (1951), Wais San
Martin (1987) [1967] or Cabezas (1974) are typical detailed descriptions of the historical evolution of
Spanish railways, roads or communication networks. Casares Alonso (1973) constitutes an interesting
although partially failed attempt to analyse the economic impact of Spanish railways, in which the effort to
use sophisticated methods contrasted with the inability of the author to draw meaningful conclusions from
the evidence.

" Dealing with US historiography on railways, Fogel (1964), p. 1, pointed out that: “the prevailing
interpretation of the influence of railroads on American economic growth during the nineteenth century is
still dominated by hypothesis spawned during that era”. If nineteenth century opinion in the US was quite
optimistic on the economic role of railways, Spanish views were, on the contrary, dominated by a deep
pessimism, which was largely associated to the perception of the poor financial results of the Spanish private
railway companies during most of their lives, and also to the high level of corruption that characterised the
process of construction of the network. Contemporary declarations of pessimism about the performance and
results of Spanish railways are abundant; some examples for different periods are Vega Armentero (1884),
pp. 32-34, Boag (1923), p. 8, or Perpifia (1952), pp. 308-309.
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transport needs.”? He pointed out that, after a long period of very little construction
activity, the Spanish governments of the years 1854-1856 (the so-called “Progressive
Biennium”) subordinated all their other aims to the hasty construction of a national railway
network. In that context, the development of the banking system was mainly oriented to the
financing of railway construction and, as a consegquence, domestic industry suffered from a
shortage of financial resources during the period 1855-1865." In addition, once the lines
had been constructed, railway companies faced a situation of excess capacity which made
them unprofitable during most of their lives. This was the origin of their financial collapse
in the crisis of 1866, and also the reason for the sowdown of railway construction after
that date.”* To make things worse, the construction of Spanish railways was characterised
by a complete lack of “backward linkages’. Imports of materials for railway construction
were given generous tariff exemptions, which deprived the Spanish iron industry of a

crucial source of demand.”®

Almost at the same time, Jordi Nadal’s research offered a dightly different but
equally pessmistic view of the subject. Reproducing to some extent the Gerschenkron-
Romeo previous debate on the Italian railways, Nadal considered, unlike Tortella, that a
fast process of construction was necessary due to the network features of railway
investment. He also indicated that, given the foreign nature of a large share of the
resources that were invested in the Spanish railways, it is unlikely that, had railway
construction been slower, those resources would have been directed to the domestic
industry. ”® On the other hand, Nadal added to Tortella’'s reasons for pessimism his own
criticisms to the radial design of the Spanish railway network, which would not respond to
the needs of the economy but to political factors and foreign interests.”” But, apart from
those considerations, he tended to share Tortella's views on other aspects, such as the

importance of the lack of “backward linkages’ of Spanish railway construction which

"2 Tortella Casares (1973), p. 1609.

3 |bidem, p. 16.

" Ibidem, p. 193.

S 1bidem, p. 12 and 339. This criticism, as most expressions of “railway pessimism”, had numerous
precedents in the nineteenth century; see, for instance, Alzolay Minondo (1979) [1899], pp. 384-385 and
422, and Sanchez de Toca (1895), pp. 78-82.

% Nadal Oller (1975), pp. 38-42. By contrast, Tortella had stressed the role of domestic capital in the
financing of railways; see Tortella Casares (1973), p. 337. Regarding the Italian case, see a summary of
Gerschenkron’s and Romeo’ s respective positions in Cafagna (1989), pp. 390-396.

" Nadal Oller (1975), pp. 48-50.
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congtituted, from his point of view, one of the main missed opportunities for the

industriaisation of the country. "8

All the problems stressed by those two researchers, which were closely associated
with the way in which rallway construction was regulated by Spanish governments,
reduced the economic benefits of the development of the railway network to levels that
were substantially lower than expected, and led Tortellaand Nada to include raillways
among the factors to blame for what the latter called the “failure of the Spanish Industrial
Revolution”. However, immediately after those authors works were published, other
historians offered dightly more positive pictures on the matter. On the one hand, Sanchez-
Albornoz pointed out in the late 1970’ s that railways had been an essential factor of market
integration for nineteenth century Spain. ”® And, on the other hand, an exhaustive collective
study of the history of Spanish railways concluded that, athough limited, the impact of
raillways on Spanish economic development had been crucial, and indicated that the
establishment of the railway network was one of the main determinants of Spanish regional
specialisation and urbanisation. &

But the real challengeto Nadal and Tortella' s pessimistic views was to arrive a few
years later. In the early 1980’'s, GOmez Mendoza s research opened up new perspectives on
the issue. Firstly, this author offered a new interpretation of the lack of “backward
linkages” of Spanish railway construction. He pointed out that the Spanish iron industry
was too underdeveloped in the middle of the nineteenth century to meet the demand of
railways and, as a consequence, a more protective tariff policy would have involved a

substantial excess cost for the Spanish economy.

Secondly, and more important, Gomez Mendoza applied Fogel’s social saving
model to Spain in the years 1878 and 1912. According to his estimation exercise, if al
commodities carried by Spanish railways in 1878 had been transported by alternative
means, the excess transport cost would have amounted to 11.8 per cent of Spanish GDP.
That was a much higher figure than those obtained for countries such as England and
Wales (4.1 per cent in 1865), US (3.7 per cent in 1859), France (5.8 per cent in 1872), or

8 | bidem, pp. 158-165.

9 sanchez Albornoz (1977), p. 20.

80 gee Artola (1978c), Vol. 2, p. 526.

81 See Gomez Mendoza (1982), pp. 240-242. Nevertheless, although this author doubted that the Spanish iron
economy could have been able to react to an all-embracing protective policy, he suggested that a different
tariff structure, similar to the German one, which allowed the free import of cast iron and protected the most
advanced stages of the rail production process, would have been appropriate in the Spanish case.
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Belgium (2.5 per cent in 1865). The estimate for 1912 was an even more impressive figure,
amounting to 18.5 to 23 per cent of the Spanish GDP in that year.®? Therefore, contrary to
the conclusions of previous studies, which included railways among the explanatory
factors for the “failure of the Spanish Industrial Revolution”, Gémez Mendoza stressed the
indispensable role that railways performed in Spanish industrialisation during the second
half of the nineteenth century.

The high level of the social saving of the Spanish railway system was mainly
attributed to the fact that, in a counterfactual economy without railways, most freight
would have been shifted to roads, due to the serious constraints that Spain’s physical
geography put on water transportation.®® Gémez Mendoza's conclusions were consistent
with the outcomes of Ringrose’'s research on the pre-industrial Spanish transport system,
according to which, the lack of possibilities for water transport were aready creating
serious bottlenecks in the Spanish transportation sector at the end of the eighteenth century.
The excessive dependence on the road system, apart from making transport too expensive
for most commodities except for the shortest hauls, led to the gradual appearance of
Malthusian traps. These were associated with the fact that, during periods of economic
growth, population increases put additional pressure on the demand for land, which made
the access of draught animals to pastures more expensive and, in some cases, impossible.
As a consequence, transport was a factor of economic stagnation in Spain before the

railway era

82 See Gomez Mendoza (1981), pp. 25-114. Figures for other countries in O’ Brien (1983b), p. 10. In his
research, Gémez Mendoza offered an alternative social saving estimate for 1878 that allowed for the
presence of idle resources in the economy and amounted to 7.5 per cent of Spanish GDP. That was still a
high figure in comparative terms; see Gomez Mendoza (1981), p. 95, and Section 6.2 of this thesis. This
author also calculated the acreage of arable land that would have been necessary to feed the animal
population required to sustain economic growth at its 1878 actual level in the absence of railways. That
amount was estimated to be 1.12 million hectares of land, i.e. 32 to 43 per cent of the wheat acreage in 1891,
which reinforced the idea of the great importance of railways for the nineteenth century Spanish economy;
ibidem, pp. 67-68.

83 See GAmez Mendoza (1982), pp. 55-56, and O’ Brien (1983b), pp. 7-14. The geographical constraints that
limited the development of the Spanish transport system have been described, for instance, in Madrazo
(1984), pp. 19-31, Gémez Mendoza (1995), pp. 137-139, or Gomez Mendoza (1999b), pp. 225-229. The
main problems were, on the one hand, the shape of the country, which substantially diminished the scope of
coastal shipping in spite of the length of the Spanish coast, and, on the other hand, the harsh relief and aridity
of most of the territory and the irregularity of most Spanish rivers, which minimised the possibilities for canal
construction and river navigation. Asaresult of those problems, at the beginning of railway construction only
some 300 km of canals had been built, whereas river navigability was limited to the last stretches of the rivers
Ebro and Guadalquivir.

84 See Ringrose (1972), especially pp. 91 and 162. See also Gémez Mendoza (1983) and (1995), pp. 132-134.
However, unlike Gémez Mendoza, Ringrose did not believe that railways sorted out the Spanish transport
problems. On the contrary, he accepted Tortella’s main conclusions and assumed that “during the whole
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Since the publication of Gomez Mendoza's research, historians knowledge of the
evolution of Spanish infrastructure has greatly increased. However, the globa approach of
the first analyses, which included railways in broad explanations of Spanish
industrialisation, has to some extent been replaced by two types of research. On the one
hand, an increasing amount of effort has been diverted from railways to the study of the
evolution of other types of infrastructure, which had previously been largely neglected. On
the other hand, some pieces of research have been devoted to the analysis of the economic

impact of railways and other types of infrastructure from a purely regional point of view.

The first type of works have described the long-term evolution of Spanish roads,®
ports,®® canals,®” urban infrastructure,®® telecommunications,® electricity infrastructure,*
irrigation works®® and, in some cases, the whole Spanish transport system.®? Actually, a
number of those sectoral studies have gone beyond the mere description and have analysed
the growth impact of infrastructure. For instance, some research has stressed the limited
capacity of most Spanish ports to stimulate industrial activities.®® Severa historians have
also indicated that the few existing waterways had a much larger impact on the field of

irrigation and power generation than on transport itself.%*

Other subjects, such as the role of
urban transport infrastructure in the growth of Spanish cities, or the absence of significant
“backward linkages” in the development of the Spanish telegraph and telephone systems,

have aso been explored.®® And, finaly, other authors have focused on the “backward

nineteenth century (...) transport problems continued raising limits to the Spanish possibilities to
industrialise and develop”; see Ringrose (1974), p. 81 (my translation).

8 Although dealing with the period immediately before the railway era, Madrazo (1984) offers a high quality
approach to the evolution and the impact of the Spanish road network. For the period after 1850, see Gémez
Mendoza (1999a) and Frax Rosales and Madrazo (2001).

8 Alemany Llovera (1991), Séenz Ridrugjo (1994) and Guimera Ravina (1996). Although not directly
dealing with port infrastructure, Frax Rosales (1981), Frax Rosales and Matilla Quiza (1994) or Valdaliso
Gago (1991) and (1997) are valuabl e analyses of the evolution of Spanish seatransport.

87 See, for instance, Del Moral Ruiz (1981), Gémez Mendoza (1995) and Pérez Sarrién (1995).

8 See, for instance, Costa Campi (1981), Moncltis and Oyén (1996) and Niifiez Romero-Balmas (1996b) and
1998).

gg Bahamonde Magro (1993) and also, on the telegraph network, Capel Saéz and Tatjer (1994), Gonzalez
Peldez (1995), Olivé Roig (1995), Otero Carvajal (1995) and Calvo Calvo (2001), and, on the telephone
sgstem, Nadal Arifio (1995) and Calvo Calvo (1998).

%0 see, among others, Llorente Chala (1979), Herndndez Andreu (1981) or Bartolomé Rodriguez (1995).

%1 See, for instance, Villanueva Larraya (1991), Al-Mudayna (1991), or Fernandez Clemente (1998).

92 See Frax Rosales and Matilla Quiza (1988), pp. 192-225, and Gémez Mendoza (1997) and (1999b).

93 The main exception would have been Bilbao; on this subject see Alvargonzélez Rodriguez (1996), p. 171,
and De La Puerta Rueda (1994), pp. 292-293.

9 See, for instance, Del Moral Ruiz (1981), Gémez Mendoza (1995), pp. 139-143, or Pérez Sarrion (1995),
pp. 141-142.

% On the role of urban infrastructure, see Moncl(s and Oyén (1996); on the “backward linkages’ of the
Spani sh telecommunication networks, see Calvo Calvo (1998), pp. 75-77, and (2001).
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linkages” of public investment in infrastructure during the Inter-war period, and have

offered conflicting conclusions on the subject. %

However, the largest amount of research effort on non-railway infrastructure has
undoubtedly been devoted to the analysis of the economic impact of the Spanish electricity
system. In this regard, some of the earlier assessments of the subject considered the
development of hydroelectricity as one of the main determinants of the growth and
diversification of Spanish industry during the first third of the twentieth century.
Nevertheless, that enthusiastic view has later been replaced by a rather more moderate

perspective on the matter.®’

The overwhelming predominance (with very few exceptions)® of a sectoral
approach in research at the national level is not to be found so clearly in regiona studies.
Although railways have been the main focus of attention of regiona historians, their
analysis has been accompanied by a substantial effort to study the joint impact of severa
types of transport infrastructure on regiona economic growth.*® In the last few years, a
number of researchers have studied the effects of the reduction of transport costs on the

development of the most dynamic regions of the country, such as Catalonia,*®

the Basgue
Country*®?, Vaencial®® or some areas of Andalusia, and most of them have been rather
optimistic on the subject. More concretely, they have insisted on matters such as the crucial

3 and ther

role of transport improvements in the development of certain productions,°
influence on the geographical concentration of population and activity since the middle of

the nineteenth century. %4

% See, on the one hand, Comin Comin and Martin Acefia (1984), pp. 249-258, who indicate that, although
important, public investment was not decisive in the evolution of the Spanish heavy industries during the
Inter-war period. On the contrary, Palafox Gamir (1980), p. 24, attributes a large share of the Spanish
industrial growth during the 1920’ s to the demand effects of the State’s activity.

9 An example of the early highly optimistic analyses is Sudria Triay (1987). However, the research of
Bartolomé Rodriguez (1995) has recently indicated that the dynamic effects of the diffusion of electricity
were rather low; see especially p. 113; and Sudria Triay (1997a) himself has also offered a new perspective
on the problem, which is much less enthusiastic than his earlier writings.

%8 The main exceptions of a sectoral approach in research at the national level are Comin Comin (1993) and,
especially, Cubel Montesinos (1997), where infrastructure is said to have performed a crucial role in Spanish
economic growth, and Gémez Mendoza (1991), which constitutes a first systematic quantitative approach to
the evolution of the whole Spanish infrastructure during the process of industrialisation.

9 See asurvey of thistype of research in Vidal Olivares (1999a).

100 pascual Doménech (1991).

101 Gonzalez Portillaet al (1995).

192 v/idal Olivares (1992).

103 See, for instance, Vidal Olivares (1992), pp. 183-270, and (1999a), pp. 385-387, Morilla Critz (1999), pp.
500-502, or Cuélar Villar and Sénchez Picon (1999), p. 631.

104 See, for instance, Macias (1999), pp. 461-474, Pascual Doménech (1999a), or Molina de Dios (2001).
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Nevertheless, in spite of the huge increase in the available information on Spanish
infrastructure during the last decade and the generalised optimism that has dominated
regiona literature, the contradictions that arose in the early analyses of the 1970's and
1980's have not disappeared from the historiography. And, in fact, those conflicts have
returned to the forefront of the debate since 1998. That year, the 150" anniversary of the
opening of the first Spanish railway line was commemorated with the publication of two
collective works that summarised the results of the most recent research on the history of
the Spanish railway system.!%® In those texts, the old conflict between a high social saving
estimate and the poor performance of the Spanish railway system has still been considered

ahistoriographical paradox, asis summarised in Gabriel Tortella' s words:

“(...) all this [GOmez Mendoza s] reasoning is not consistent with the fact
that the first stage of fast railway construction was followed by one of the deepest
crises or depressions that the Spanish economy has suffered in Late Modern times
(that of the years 1864-1874), nor with the fact that the Spanish railway companies
turned out to be disastrous businesses, both during the crisis and thereafter, which
led them to ask constantly for public subsidies and, during the first decades of the
twentieth century, to be the most ferocious supporters of the nationalisation of the
sector. (...) The question must be raised that, if transport was so badly needed and
its shortage was constraining growth, why demand was so insufficient, traffic so
scarce, and financial results so poor once railway lines and networks had been

constructed.” 1°°

In conclusion, two shortcomings may be highlighted in the most recent Spanish
historiography on infrastructure and growth. Firstly, most research has been sectorally
orientated and an aggregate perspective on the subject is still virtually missing. And,
secondly, the conflicts that arose in the 1980's among different interpretations concerning
the growth impact of Spanish railways remain unsolved. As was indicated in the
introduction, this thesis is intended to shed some additional light on those two
shortcomings. On the one hand, Chapters 2 to 5 offer an aggregate picture of the evolution
of the whole Spanish infrastructure stock and its growth impact. And, on the other hand,

105 Comin Comin et al (1998), and Mufioz Rubio et al (1999). Short surveys of the literature produced on the
subject during the last twenty-five years have also been offered by Gémez Mendoza (1998) and Mufioz
Rubio and Vidal Olivares (2001).

108 Tortella Casares (1999), p. 250. See also Tortella Casares (1994a), pp. 111-114. Syntheses of the debate
on the economic impact of Spanish railways can also be seen in Comin Comin et al (1998), Vol. 1, pp. 134-
148, and Comin Comin (1999).
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Theoretical and historiographical background

Chapters 6 and 7 address the so-called “paradox of Spanish railways’ and suggest some
possible answers for it. Starting with the first of those two tasks, the next chapter offers a
detailed description of the process of construction of Spanish infrastructure between 1845
and 1935.
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CHAPTER TWO

SPAIN’S INFRASTRUCTURE STOCK (1845-1935): A QUANTITATIVE ESTIMATE

2.1 Introduction

2.2 The estimation of new series of Spanish infrastructure stock and

investment
2.3 The process of construction of Spanish infrastructure (1845-1935)
2.4 Conclusions

Appendix. Sources and estimation methods of the new infrastructure database

2.1 Introduction

This chapter aims to describe the main features of the development of Spanish
infrastructure stock and investment during the period 1845-1935. It is based on research
into the available physical and monetary data on Spanish infrastructure, which has been
undertaken on both a provincial and a national basis, and which has produced, as its main
result, time series of infrastructure stock and investment for those years. This may be
considered as the first exhaustive and systematic attempt to approach the long-term
evolution to the whole Spanish infrastructure, and it joins other recent efforts to measure

the total capital stock of the Spanish economy.?

As has been indicated in Chapter 1, the concept “infrastructure” has been confined
here to the so-called “economic” infrastructure, i.e. those assets that provide direct services
to production. The “social” infrastructure, which enhances social welfare but whose link
with production is indirect, has been left aside. As has aready been pointed out, there are
two reasons for that choice. On the one hand, the links of economic and socia
infrastructure with economic growth are different, which makes a separate study of each

type convenient. And, on the other hand, primary information about Spanish socia

! The Spanish total capital stock in 1900-1990 has recently been estimated by Cubel Montesinos and Palafox
Gamir (1997).
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infrastructure is so scattered that its analysis is beyond the possibilities of an individual

researcher.

Accordingly, the assets that have been included in this research are transport,
communication and energy distribution networks, and hydraulic works. Some urban assets
that are not embraced in those four categories (i.e. urban distribution of water, sewerage,
lighting, streets and urban development) are aso an essential part of economic
infrastructure. However, it has not been possible to include them in this research, because a
substantial share of the sources of information about their development are only locally
available. As a consequence of their exclusion, the estimates that are presented in this

chapter suffer from a downward bias of unknown magnitude.?

This research covers the first long run wave of Spanish industrialisation, which
took place, approximately, from the first decades of the nineteenth century until the
outbreak of the 1936-1939 Civil War.® The new estimates may be combined with the
results of some recent pieces of research, which have focused on the evolution of Spanish
infrastructure during the second half of the twentieth century, to obtain a nearly complete
picture of the very long-run evolution of infrastructure during the whole process of Spain’s
industrialisation. *

2 There is, however, some available evidence on the relative importance of the bias. On the one hand, Nufiez
Romero-Balmas (1996b), p. 400, has recently published data on bids for local public works and services at
the expense of the Spanish local councils during the period 1900-1905. The cost estimates of the associated
investment would amount to around 7 per cent of total gross infrastructure investment during those few
years. This percentage is alower bound of the investment excluded from my series, because some assets and,
especially, urban development and street lighting, were, to a large extent, private undetakings and are not
included in NUfez' s figures. On the other hand, according to the earliest available data of the value of urban
infrastructure in the second half of the twentieth century, in Mas et a (1995/1998), the assets that are
excluded from my series amounted in 1955 to 6 per cent of the total infrastructure stock. This percentage
might be assumed to be a higher bound of the magnitude of the bias throughout the period 1845-1935,
because the growth of Spanish urban infrastructure seems to have been concentrated in the last few decades
of the period. On the contrary, during the second half of the nineteenth century its growth would have been
prevented by the slow progress of Spanish urbanisation and the weak fiscal capacity of the Local Councils.
On the shortage of financial resources in the Spanish local public sector during the period (which, apart from
reducing the endowment and quality of the Spanish local services, led to the generalisation of the concession
regime), see Barthe (1919), p. 10, Del Moral Ruiz (1984), pp. 153-163, Garcia Garcia and Comin Comin
(1995), pp. 90-100, Comin Comin (1996), pp. 201-206, or Nufiez Romero-Balmas (1996b), pp. 417-4109.
Anyway, given the uncertainty on the level of the bias before 1900, it has not been made up for in the gross
investment and net stock seriesthat are presented here.

3 The starting date of the analysis (1845) has been fixed according to the availability of information. If the
research had covered a longer period, for example, from 1825 or 1830, it would have been more
comprehensive. However, athough some data is available for the years prior to 1845, its paucity does not
allow the estimation of aggregate figures of infrastructure stock comparable with those presented here.

* The series available for the period 1955-1998 and the problems related to linking them with my estimates
are described below. The impact of infrastructure on Spanish economic growth during the second half of the
twentieth century has been the object of several recent pieces of research; see, among others, Argimén et al
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This chapter describes the composition of infrastructure, the different stages that
can be distinguished in the process of its construction, and the importance of infrastructure
investment within the whole Spanish economy during the period under study, whereas
Chapter 3 presents the distribution of infrastructure among the Spanish regions. In this
chapter, Section 2.2 offers a brief account of the methods that have been followed for the
construction of the new series. Section 2.3 describes the main features of the evolution and
composition of the Spanish infrastructure stock and investment and, finaly, Section 2.4
contains a summary of the main conclusions. The sources and the estimation methods used

to obtain the infrastructure series are described in detail in the Appendix of this chapter.

2.2. The estimation of new series of Spanish infrastructure stock and

investment

Spanish infrastructure stock and investment figures are available for the period
1955-1998 thanks to the recent research effort of the Instituto Valenciano de
Investigaciones Econdmicas (from now on, IVIE).> As is usual in contemporary
infrastructure estimates, they are essentially public capital stock figures. Therefore, they
include some public assets that do not actually belong in infrastructure and, on the other
hand, they exclude some share of infrastructure because it is privately owned. However,
the biases associated with these problems are probably not very serious for the period after
1955, and the use of public capital figures as representative of infrastructure is, to some

extent, justified by the ease of their estimation. ®

The IVIE has aso produced figures on the Spanish State’s net capital stock for the
years 1900-1990. However, the use of public capital figures as representative for
infrastructure is not appropriate for the period before 1936, because railways, tramways

and the telephone and electricity networks (i.e., more than 50 per cent of the stock of

(1994), Gonzalez-Paramo (1995), Mas et al (1996), Moreno et al (1997) and (2002), Roca Sagalés and
Pereira (1998), Bosca et a (1999) and (2002), and a comparison between the results of the research for the
US and Spain, in GarciaMila (1994).

° IVIE data are availableinMas et al (1995/1998) and in http://bancoreg.fbbv.es. Before the IVIE series were
produced, attempts to measure the Spanish capital stock were limited to a series of unreliable estimates that
were published between 1914 and 1933 and are summarised in Cubel Montesinos and Palafox Gamir (1997),
pp. 116-120, to the measurement of the Spanish “national wealth” at the end of 1965, which was published in
Universidad Comercial de Deusto (1968) and to André Hofman's preliminary attempt to estimate time series
of the Spanish capital stock; see Hofman (1993).

® Hulten and Schwab (1993), pp. 271-272; Gramlich (1994), p. 1177.
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infrastructure) were privately owned at the time. As a consequence, in order to obtain
infrastructure estimates for the period before the Spanish Civil War, information about the
State’s capital stock must be complemented with data on private investment in
infrastructure. Actually, that task has recently been initiated by the IVIE, athough from a
purely sectoral perspective, with Cucarella’s estimates of the Spanish stock of railway
infrastructure since 1844." In this research | adopt a wider perspective and try to obtain

estimates for the whole (public and private) Spanish infrastructure during that period.

Several methods may be applied in the process of estimation of capital stock
figures. Obvioudy, the optimal procedure is the direct measurement of the value of the
replacement cost of the total stock in a series of benchmark years. However, the amount of
information required for that estimation technique is usually beyond the possibilities of
historical research. As a second best choice, most researchers use the perpetual inventory
method, i.e. the accumulation of investment flows over time, after establishing a number of
assumptions about the pattern of survival and decay of the assets. Findly, in those cases in
which even investment figures are not available, the value of the stock in a benchmark year
may be estimated by indirect means (for instance, by using the companies accounts or by
resorting to technical literature), and carried forward and backward according to indirect
(usually physical) indicators of its evolution.

In this research, different approaches have been applied to the calculation of the
stock of each type of infrastructure, according to the information available in each case.®
The sources and the estimation methods that have been used for each category of assets, as
well as the resulting figures and their comparison with the alternative available estimates,
are described in detail in the Appendix of this chapter. The rest of this section offers a short

summary of the general features of the estimation process.

The direct application of the perpetual inventory method has only been possible in
those cases in which systematic information about investment flows was available, i.e.
broad gauge railways, State roads and ports. For each of those three types of infrastructure,

the usual perpetua inventory relationships have been applied to the investment figures

" Cucarella (1999). This author’s estimates are compared with my own figures in the Appendix of this
chapter.

8 Obviously, the use of different techniques in the calculation of the stock may tend to bias the result.
However, as Feinstein points out, in historical estimation of capital stock figuresthereisno aternative to the
application of heterogeneous methods, due to the lack of appropriate primary information; see Feinstein
(1972), pp. 39-42.
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(after estimating the value of the gross and net stock at the end of 1844 on the basis of
physical indicators) and, as a result, a series of net capital stock at the end of each year has
been produced for the period 1845-1935.

For other types of infrastructure, the value of the gross capital stock in one or
several benchmark years has been estimated according to the available accounting and/or
technical information, and physical indicators of the evolution of the stock have then been
used to transform the benchmark estimates into yearly series of gross stock. Those series
have then been first-differenced in order to get yearly “new” investment figures, i.e. data
on the annual excess investment after replacing the assets that were retired during the year.
Each series of “new” investment has then been added to the series of replacement
investment that resulted from the assumptions on the useful life of each asset. The sum of
both series has been taken as gross investment in each type of infrastructure. Findly, the
perpetual inventory relationships have been applied to those series of gross investment in

order to get net stock figures.®

A rectangular retirement model has been applied in all cases, which assumes that
each asset isretired at the end of its useful life. Depreciation has been assumed to be linear,
as in the existing estimates for other countries.’® In order to increase the international
comparability of the estimate, the useful life figures, which are shown in Table 2.1, are
also similar to other historical estimates, except in those few cases for which technical

information was available.

® The process of estimation of net stock figures on the basis of physical indicatorsis described in Ohkawa et
a (1966), p. 135, and Groote (1996), p. 95. A similar procedure for machinery is applied in De Long and
Summers (1994), pp. 13-14. The definition of “new” investment comes from Feinstein and Pollard (1988), p.
2,

10 See Feinstein (1988), p. 261, or Groote (1996), p. 37. In spite of its widespread application in practice,
these usual rigid assumptions on the retirement and depreciation of assets are not sufficient to grasp the
complexity of the technological and structural changes experienced by the economic system, which influence
the process of effective capital destruction. Therefore, these assumptions introduce biases in the final series
that are very difficult to make up for, especially in a historical estimation exercise for which information is
much scarcer than for present-times research. On this subject, see Escriba-Pérez and Ruiz-Tamarit (1995).

51



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

Table2.1
Useful life assumptions
Assets Years
Railways:
Grading, works and stations 100
Track and accessories 18/30*
Tramways 25
Roads 80
Ports 80
Telegraph and Telephone 30
Electricity networks 25
Hydraulic works 80

*Changein 1872.
Sources: Feinstein (1988), Groote (1996) and, for railway track, Gomez Mendoza (1982) and (1989a).

Only the assets that are usually considered as infrastructure have been covered by
the research. Therefore, the estimates do not measure the value of the total capital stock of
sectors such as transport or energy production and distribution, but only include a specific
type of assets within those sectors. As a consequence, those elements that are not fixed to
the territory, do not have public character, or do not have the technical characteristics of
infrastructure, have been excluded from the estimation. For instance, railway rolling stock,
merchant ships, motor cars or energy production equipment (with the exception of dams)

are not included in the series.

Very old infrastructure has al'so been kept out of the series. This category includes a
number of paths, dams and canals that had been built before the eighteenth century and had
in al cases reached the end of their useful life by 1844. Given the lack of information
about their state of repair at that date, their valuation is not a feasible task. However,
according to some contemporary indications, they seem to have been in a very precarious
condition, especialy in the case of paths.!* As a consequence, they would have amounted
to a very tiny share of the total stock in 1844, which would gradualy have become
negligible with the construction of new assets.'?

1 Some examples of contemporary complaints can be seen in Madrazo (1984), p. 235, or Gémez Mendoza
§1989a), p. 35.

2 Just for the sake of illustration, | have made a very optimistic valuation of those assets, assuming for them
similar construction costs to eighteenth and early nineteenth century infrastructure, and a ratio between net
and gross stock in 1844 of 50 per cent. Under these assumptions, those assets would amount to 13 per cent of
the total stock in 1844 and only 2 per cent twenty years later. These percentages are probably an upper bound
of the true figures, because the pre-eighteenth century assets were probably in a much worse condition in
1844 than that indicated by the 50 per cent ratio between net and gross stock.
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Most of the new series are consistent with the available direct estimates of the value
of Spanish infrastructure in the 1960's, which would be proof of their reliability.® In fact,
in afew cases (broad and narrow gauge railways, State roads and ports) the 1960's figures
have been directly used to obtain the estimates for 1935, which have been combined with
the available information on previous investment flows to calculate earlier values. In other
cases (underground railways, provincial and local roads, the telephone system, electricity
networks and dams), the level of the series and the historical unit costs that have been used
in the estimation are consistent with the information for the 1960’s. The only exceptions
are the telegraph network and the stock of irrigation and navigation canals. In the case of
the telegraph, there is an apparent conflict between the new estimate and the value of the
stock in 1965, which has been impossible to reconcile. And, in the case of cands, there is
no available stock figure for the 1960’s, and the shortcomings of the historical information

make the reliability of my estimate rather uncertain.

In spite of these problems, the overall process of Spanish infrastructure construction
seems to be adequately described by the series. However, as is usua with historical
estimates, inferences drawn from small details or from short-term variations must be taken
with extreme caution. There are several reasons for this caveat. Firstly, the usual problems
of capital stock estimates must be remembered.* Secondly, some of the statistical data on
which the estimation is based contain time gaps, which have been filled by interpolation
and may to some extent have distorted the short-term behaviour of the series.® Thirdly, as
has already been indicated for the stock of cands, in a few cases the reliability of the
original quantitative information is doubtful, due to its incomplete or uncertain character.
More concretely, apart from canals, sources are aso rather incomplete or uncertain in the
case of non-public railways, local roads before 1911 and the telephone system before 1924.
Fourthly, the lack of specific sectoral deflators may have led to certain biases of unknown

direction in the estimates.’® And, finaly, there is also some uncertainty about the

13 Direct estimates of most Spanish infrastructure in the 1960's are available in Universidad Comercial de
Deusto (1968).

14 0On the problems to get reliable and meaningful capital stock estimates, see Denison (1957). For
infrastructure, see Gramlich (1994), p. 1178. See also Miller (1990), who warns against the severe biases that
the perpetual inventory method may introduce in both the capital figures and the key parameters of
production functions that are estimated on their basis.

15 The presence of gaps and the interpolation techniques that have been used to overcome them are described
in detail, for each type of infrastructure, in the Appendix of this chapter.

16 All series have been expressed in 1990 constant pesetas to make them comparable with the IVIE database.
Deflation is based on Prados de la Escosura’ s deflator for the construction sector, which has been weighted,
in the case of telecommunications and electricity distribution networks, with the same author’s deflator for
industry (see the Appendix for the weights applied), and linked in 1954 with the official INE (Instituto
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relationships between the real stock figures and the physical indicators that have been used

to infer their evolution, which has made a number of ad hoc assumptions necessary. !’

By contrast, and unlike other capital stock estimates, the influence of the assumed
useful lifetimes of the assets on the level of the series is not high, because the estimates are
largely based on physical indicators.*® The only cases in which physica information has
not been used in the estimation are broad gauge railways and State roads. However, in
those two cases, the available direct estimates of the value of the stock in the 1960's have
allowed the reliability of the perpetual inventory assumptions to be checked. Actualy, in a
great share of my series (i.e. those mainly based on physical indicators), the influence of
the assumptions on the useful lifetimes of the assets is high, not for the level of net stock,
but for gross investment figures, because the replacement element of gross investment has
been estimated on the basis of those assumptions. For instance, if useful lifetimes had been
assumed to be 50 per cent lower than those considered in Table 2.1, gross investment

figures would have been on average 18 per cent higher than those presented below.

Graphs 2.1 and 2.2 combine the new estimates with the IVIE database to show the
evolution of the Spanish infrastructure net stock and gross investment between 1845 and
the present. In order to get a more complete picture, the new stock series for 1845-1935 has
been carried forward until 1960, on the basis of the evolution of those assets for which

Nacional de Estadistica) deflator for “other construction”. Prados de la Escosura’ s deflators can be seen in
Prados de la Escosura (1995), pp. 131-132. Actually, this author’s deflator for construction is an average of
prices of construction materials and wages and, therefore, it is not a price but a cost index. As a consequence,
it reflects neither the evolution of productivity nor the presence of profits in construction companies.
However, the use of construction cost indices is very usual in capital stock estimation exercises, even in
analyses of present economies, due to the lack of adequate price information; see Pieper (1990). Besides, it is
doubtful that construction productivity changed substantially during the period under study; see Feinstein
(1988), pp. 262-263, or Frax Rosales et al (1996). Regarding deflation, the index number problem arisesin
the cases of the weights of telecommunications and electricity within total infrastructure, since Prados de la
Escosura’ s industry deflator evolves in a slightly different fashion than construction one during the period
under study, specially during the first third of the twentieth century. Using several price benchmarks in the
estimation might produce lower shares for these two types of assets than those reproduced below (Table 2.2).

17 The uncertainty of the relationship between a physical indicator and the value of the stock may be
associated with many different facts. For instance, if mileage is chosen as an indirect indicator of the
evolution of the value of a network, increases in the technical complexity of that network or in the quality of
materials that are used in its construction may introduce a downward bias in the growth rate of the series. By
contrast, upward biases may result from increases in the productivity of construction of the network, and can
also arise as a consequence of the bad condition of the assets. On these problems see Caron (1972), p. 237, or
Fogel (1967), p. 292. See also Hulten (1992), p. 976, who warns of the consequences of failing to adjust
capital estimates for quality change. In my estimate, changes in quality and in the technical characteristics of
the assets have been allowed for as far as possible, although in some cases the lack of information has
prevented adjustments.

18 On the sensitivity of capital stock figures estimated through the perpetual inventory method to the assumed
useful lifetimes, see, for instance, Paccoud (1983), p. 22.
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information is available.®® The graphs offer a consistent picture of the evolution of Spanish
infrastructure since the mid-nineteenth century. Both series show a very fast initia
expansion and an abrupt interruption during the 1866-1874 crisis. After 1874, a slow
growth process started, which only stopped during the Spanish Civil War and the first
period of the Francoist dictatorship. The stagnation that characterised those years was
overcome from 1964 onwards, when fast growth restarted. The next section describes in

more detail the evolution of the series during the period 1845-1935.

Graph 2.1
Spanish net infrastructure stock (1845-1998)

100000000
g 10000000 S
4‘,’
{
S /
S 1000000
5
5
S 100000
10000 TITTTTI T I T T T I e T T T T T T T T T e T T T e T e T T T T e e e T e T e e e e e e T i T T T e e v e T e e e e e T A e e e e v rranT e
Lo Te] n L II:B Lo Lo
I BEEEBEE:548838 85 § 8

New estimate ------ IVIE

Source: Mas et al (1995/1998) and my own figures.

19 The assets for which that information is available are broad and narrow gauge railways, State roads, ports

and State hydraulic works. The main sources of information on the evolution of those assetsin 1935-1960 are

Suarez de Tangil y Angulo (1954), Cercos Pérez (1968), Uriol Salcedo (1968a), Comin Comin et al (1998)

and the IVIE database. See more details in the Appendix, under each asset heading. This exercise is only a
very rough approximation, given the low coverage of those data.
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Graph 2.2
Spanish grossinfrastructureinvestment (1845-1995)
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2.3 The process of construction of Spanish infrastructure (1845-1935)

Graph 2.3 shows the evolution of Spain’s net infrastructure stock during the period
up to the Civil War. The process of continuous increase that can be seen in the graph
corresponds to a yearly growth rate of 3.3 per cent, which resulted in an infrastructure
stock in 1935 that was 36 times larger than in 1845. Unlike the situation at the beginning of
the nineteenth century, when Spanish infrastructure was made up of just some isolated
structures and a deficient network of traditional paths, by 1935 the country had achieved a

relatively rich and complex endowment of social overhead capital.
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Graph 2.3
Spanish net infrastructure stock (1845-1935)
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The increasing importance of infrastructure within the economy may be better
observed in Graph 2.4, which presents the evolution of the relationship between Spanish
infrastructure stock and GDP. According to the graph, the importance of infrastructure
within the economy experienced a sharp increase up to the last few years of the nineteenth

century and stagnated thereafter.

57



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

Graph 2.4
Spanish net infrastructure stock/GDP
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On the other hand, regarding the relationship between infrastructure and total
capital, the available capital stock estimates for the first third of the twentieth century
indicate that, parallel to the stagnation of the ratio between infrastructure and GDP, there
was a gradual reduction in the importance of infrastructure within Spanish capital, which

can be observed in Graph 2.5.%°

20 Capital stock estimates for the nineteenth century have not yet been published. The percentages for 1900-
1935 that are shown in Graph 2.5 must be taken with caution due to the differences in the estimation methods
of the series of infrastructure and total stock, which may have introduced an upward bias in the ratio.
Whereas my infrastructure stock estimates are mainly based on physical indicators and end-point valuations,
estimates of total capital stock in Cubel Montesinos and Palafox Gamir (1997) are based on the application of
the perpetual inventory method to the investment series estimated by Carreras (1990b), assuming useful
lifetimes of 50 years for buildings and structures and 25 years for machinery and equipment. Whereas the
second of those two figures is in line with most historical estimates, the first one is shorter than in most
research for nineteenth century Europe. If a longer lifetime of, say, 75 to 100 years had been assumed, the
total stock estimates would have been 10 to 15 per cent higher than Cubel and Palafox’s actual figures. In
addition, Cubel and Palafox’s estimates include a second possible source of downward biases, as the
investment figures on which they are based were elaborated using the 1958 price structure of Spanish GDP.
Since inflation may be assumed to have been lower in investment goods than in the rest of GDP, Carreras
investment series might contain a downward bias, which would be larger in the first stages of the period
under study. The possibility of downward biases in Cubel and Palafox’s estimates is also illustrated by
comparing their figure for 1958 and the IVIE earliest estimate of total net capital stock, which corresponds to
the year 1964. Cubel and Palafox’s figure is 53 per cent lower than the IVIE estimate, which would imply a
very unlikely doubling of the Spanish total capital stock in only six years.
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Graph 2.5
Spanish net infrastructure stock/total net capital stock
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According to al this evidence, two different periods can be distinguished in the
development of Spanish infrastructure. Up to the late 1890’s, the economy benefited from
a growing endowment of infrastructure per unit of output, which would have entailed a
substantial change in the conditions under which production took place. Later on, however,
infrastructure endowment per unit of output stagnated, and further increases in the level of
capitalisation of the Spanish economy were mainly associated with investment in

machinery and equipment.?*

The stagnation in the ratio between infrastructure and GDP and the decreasing
importance of infrastructure within total capital from 1900 onwards may be related to the
network dynamics involved in railway investment, which would result in a huge
concentration of the investment effort in the second half of the nineteenth century. This can
be seen in Graph 2.4, which shows that the different behaviour of the ratio between
infrastructure and GDP before and after 1900 was associated with the evolution of the
stock of railway infrastructure. Since all other infrastructure grew very gradualy as a

percentage of GDP during the whole period 1845-1935, the overall movements of the ratio

2L The process of capitalisation of the Spanish economy during the first third of the twentieth century is
analysed in Cubel Montesinos and Palafox Gamir (1997), p. 136.
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between infrastructure and GDP and, probably, the decrease of the ratio between
infrastructure and total capital stock after 1900, were mainly determined by the evolution
of raillway investment.

The prominence of railways in the evolution of infrastructure stock may also be
observed in Table 2.2, which shows the changes in the composition of Spanish
infrastructure stock between 1845 and 1935, and the growth rates of each type of stock. To
allow for a more complete picture, data available for 1955 have also been included. The
table indicates that railways and roads constituted by far the most important component of
Spanish infrastructure during the whole period under study, amounting to between 64 and
91 per cent of the total stock. Ports and hydraulic works (mainly irrigation canas and
reservoirs, although the few existing Spanish waterways are also included here) generally
maintained a share of between 5 and 10 per cent each. And, findly, the networks of
electricity distribution, telecommunications and urban and suburban transport, which were
negligible during the second half of the nineteenth century, started gaining some

importance by the First World War.
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Table2.2
Spanish net infrastructure stock (1845-1935)
A) Composition of the stock (%)

Railways Tramways Roads Ports Telecom. Electricity Hydraulic Total
and Underg. Works (M of 1990 pts)
1845 0.57 0.00 63.57 2479  0.00 0.00 11.06 55,948
1855 25.84 0.00 51.95 11.36 0.02 0.00 10.84 135,246
1865  59.92 0.00 28.71 5.66 0.06 0.00 5.65 484,772
1875 55.31 0.00 32.78 6.49 0.04 0.00 5.38 532,670
1885  56.90 0.09 34.20 474 0.04 0.13 391 695,513
1895 57.80 0.41 3343 532 0.10 0.33 2.61 974,310
1905 53.55 211 3337 127 0.08 0.96 2.66 1,116,963
1915 46.25 2.65 3443 914 0.17 3.09 4.27 1,305,058
1925  37.66 5.03 34.00 815 0.38 7.98 6.80 1,579,934
1935 30.59 477 37.10 838 143 852 9.22 2,028,841
1955  25.47 5.77° 36.01 956 na na 17.72 2,487,451

B) Yearly growth rates of the stock (%)
Railways Tramways Roads Ports Telecom. Electricity Hydraulic Total

and Underg. Works
1845/55  45.79 734 109 9.44 9.53
1855/65 22.82 705 561 23.21 5.99 13.79
1865/75  -0.26 206 175 -3.15 0.26 0.61
1875/85  3.26 307 -0.74 0.59 -0.44 2.83
1885/95 348 21.30 278 441 12.08 11.22 -0.91 3.20
1895/1905  0.93 19.40 149 456 -1.84 11.81 179 164
1905/15 0.24 371 191 392 9.98 12.51 6.12 162
1915/25  -0.32 7.91 165 079 7.75 10.73 6.92 175
1925/35 049 2.04 337 253 16.64 2.45 5.83 2.49
1845/95 10.14 427 2.53 242 5.43
1895/1935  0.26 6.89 211 264 9.89 10.91 5.76 191
1845/1935  4.40 298 3.00 2.63 3.33

Sources: for 1845-1935, see the Appendix; for 1955, IVIE.
Notes: na, not available.
(@) The sum of the 1955 percentages is not 100 per cent, because airport infrastructure is also
included in the total stock.
(b) Tota urban infrastructure.
Stock growth is expressed in annual accumulative rates, adjusted to alog trend.
The table confirms some of the conclusions that have been drawn from Graph 2.4.
After experiencing and intense process of growth during the years previous to the 1866
crisis, railways became the most important part of total infrastructure, accounting for more
than haf of the total stock. As a consequence, the increase in the endowment of
infrastructure per unit of GDP up to the end of the nineteenth century was mainly driven by
with the process of construction of the railway network. However, between the late 1890's
and the Civil War, the stock of railway infrastructure virtualy stagnated and its share
within the total stock diminished, while other infrastructure went on growing
uninterruptedly. As a result, the degree of diversification of the total stock increased.

Nevertheless, the growth of other assets was not enough to raise the ratio between
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infrastructure and GDP, nor to keep the pace with non-infrastructure capital stock, as is
shown in Graphs 2.4 and 2.5.

Similar conclusions result from an examination of the estimates of gross
infrastructure investment. In addition, the series of capital formation allows a better
understanding of the fluctuations and the direction of investment efforts throughout the
process of construction of the stock. Graph 2.6 shows the evolution of gross infrastructure

investment in the years 1845-1935, distinguishing between railways and other assets.

Graph 2.6
Spanish gross infrastructur e investment (1845-1935)
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Sources : see Appendix of this chapter.

As can be seen in the graph, during the first few decades of the period under study,
infrastructure investment experienced a huge increase up to extremely high vaues, and
collapsed afterwards. Those violent movements were closely associated with the evolution
of railway investment, marked by an intense mania during the years 1856-1866 that ended
in a severe crisis in the late 1860's and early 1870’'s. The violence of those movements is
illustrated by the fact that the absolute level of investment of 1862 was not recovered until

62



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

1921, while its level relative to GDP or total investment was probably never reached

again.??

After the criss, a very long growth process started with more moderate
fluctuations. Graph 2.6 shows, nevertheless, that investment cycles continued to be largely
dependent on the evolution of railway capital formation for along time. So, once the 1866
crisis had been overcome by the late 1870's, the resumption of railway construction during
the next two decades resulted in a relatively high growth of total infrastructure investment.
However, in the mid-1890's, railway capital formation came to a halt after the virtua
completion of the main railway network and, as a result, total infrastructure investment

dowed down.%®

During the first third of the twentieth century, the first two troughs that may be
observed in the evolution of the aggregate investment series, which were situated in 1904-
1907 and at the end of the First World War, were also associated with abrupt interruptions
in railway capital formation. That dependence of infrastructure investment fluctuations on
the evolution of railway capital formation was only broken after 1920. During the 1920's,
increasing State activism and the intense structural change of the Spanish economy
fostered infrastructure investment, and in the early 1930’'s the impact of the Great
Depression and the Spanish political turmoil again reduced its level.?* However, unlike the
previous period, in those fifteen years railways did not lead the evolution of tota

infrastructure, but they just mirrored the behaviour of investment in other assets, among

22 s can be seen in Graphs 2.7 and 2.8 and Table 2.5 below, gross infrastructure investment reached levels
of more than 25 per cent of total investment and 2.5 per cent of GDP by the early 1860’s, and railway
investment accounted for around three quarters of these percentages. Railway manias of that kind were avery
widespread phenomenon in the Western economies at the time; on railway investment fluctuations in the
nineteenth century see, for instance, Fishlow (1965), pp. 105-106, O’ Brien (1977), p. 57, or Carreras (1999),
pp. 41-45. Situations in which railway investment accounted for 25 per cent or more of total investment, or
for 2.5 per cent or more of GDP, have been pointed out for Britain in 1847 and the US in 1854, by Mitchell
(1964), Feinstein (1972), p. 40, and O’ Brien (1977), p. 55; for Germany in the 1850’s, the 1860’'s and the
1870’s, by Fremdling (1983), p. 124, and Tilly (1978), p. 414; for Hungary in the late 1860's and early
1870’s, by Katus (1983), p. 191; for Sweden in the 1870’s, by Hedin (1967), p. 11, and Holgersson and
Nicander (1968), p. 5; and (although referring to the whole infrastructure and not only to railways) for France
inthe 1850's, by Lévy-Leboyer (1978), p. 287, and the Netherlands in the late 1870’s, by Groote (1996), p.
76.

2 |n 1895, 86 per cent of the pre-Civil War length of the main (broad gauge) railway network had already
been open to public service. Obviously, apart from the virtua completion of the railway network, the
international depression also had an effect on the level of infrastructure investment from the last few years of
the nineteenth century. However, the need to complete the last railway projects would have prevented the
depression from being noticed in Spanish infrastructure investment figures before 1895, unlike the situation
in other countries such as France; see, for example, Lévy-Leboyer (1978), pp. 255-266.

24 On the increasing activism of the Spanish State during the first third of the twentieth century see Comin
Comin (1996), pp. 41-43, or Palafox Gamir (1991), pp. 109-121.
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which roads, electricity distribution networks and irrigation works had the most prominent

role.?®

In spite of the intensity of its fluctuations, infrastructure investment seems to have
experienced a structural process of continuous and sustained growth during the period
under study. In order to detect the structural breaks that could have affected that process,
the Vogelsang test has been applied to the investment series. That test is aimed at
contrasting the existence of one-time breaks in linear trending data in the presence of serial
correlation, regardless of whether a unit root is present or not. In the application of the test
to the logarithm of Spanish gross infrastructure investment, the null hypothesis of no
structural break has not been rejected for any year of the period.?® This result is consistent
with the outcomes of some recent pieces of research, which have not found any significant
structural breaks in other Spanish economic variables during the period before 1936.%"
Therefore, in spite of its short-term instability, Spanish infrastructure investment
experienced a sustained growth at a yearly rate of 2.3 per cent with no significant structural

breaks during the country’s first long wave of industrialisation.

The prominent role of railways in the evolution of infrastructure investment can
also be seen if the series is analysed in relative terms. Graph 2.7 and Table 2.3 show the
ratio between gross infrastructure investment and GDP. They clearly reflect the essentia
role of railways in the evolution of the ratio at least until the beginning of the 1920's, since
the railway crises of 1866, the late 1890's and 1918 resulted in the collapse of

infrastructure construction not only in absolute terms but aso as a percentage of GDP.%®

%5 A similar investment pattern to the Spanish one has been described for Dutch infrastructure in Groote
(1996), pp. 54-59. This author also stresses the central role of railways in the determination of the early
periods of growth (1852-1888) and further slowdown (1889-1902) of total infrastructure capital formation,
and points out the prominence of other assets later on, in the gradual increase in the level of investment
during thefirst years of the twentieth century.

26 For the Vogelsang test, see Vogelsang (1997) and Ben-David and Papell (2000). A structural break has
been tested for all years between 1854 and 1926, after excluding the 20 per cent extreme years of the series.
The Wald test for the rejection of the null hypothesis of no structural break reaches its maximum F-statistic
for 1864, but at alevel of only 6.50, which is much lower than the critical value of the test (15.44 at the 5 per
cent significance level).

27 Cubel Montesinos and Palafox Gamir (1998) have searched for the presence of structural breaks before
1936 in the series of Spanish GDP, industrial production and investment, with no positive results. Pons
Novell and Tirado Fabregat (2001) have analysed Spanish GDP and GDP per capita in 1870-1994, and the
earliest structural break they have found is in 1935, which is obviously associated with the impact of the
Civil War.

28 The average Spanish infrastructure investment rate of 1.14 per cent of GDP in 1850-1935 is much lower
than in other countries, such as the UK (2.18 per cent in 1830-1913), Germany (1.96 per cent in 1850-1913)
and France (1.93 per cent in 1848-1913), and is slightly lower than the Dutch figure for 1800-1913 (1.2 per
cent), although the difference would be larger if the time sample were the same, because the Dutch rate was
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Graph 2.7
Spanish gross infrastructure investment/GDP
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Table2.3
Spanish grossinfrastructureinvestment/GDP (%)

1850-1859  1.00
1860-1869  1.74
1870-1879  0.71
1880-1889  1.00
1890-1899  1.27
1900-1909  0.92
1910-1919  1.08
1920-1935 130

1850-1895 1.15
1895-1935 1.13

1850-1935  1.14

Sources: Prados de la Escosura (forthcoming) and my own estimates.

Graph 2.8 and Table 2.4 show the ratio between gross infrastructure investment and
gross total capital formation, which also reflects the prominence of railways, at least during
the second half of the nineteenth century. Before 1900, the periods of more intense railway
construction (i.e. the early 1860’ s and the early 1890’s) were also the periods in which the
ratio reached its maximum. After that year, the ratio remained stable at relatively low

under 1 per cent during most of the period 1800-1850, and over 1.5 per cent in most of the years between
1850 and 1913. The low level of the Spanish rate is typical of aless developed economy with alarge primary
sector. Figures for other countries, in Groote (1996), pp. 76 and 85.
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levels, which indicates the partia adaptation of infrastructure to the movements of total
investment, and the reduction in its relative importance. That helps to explain the
decreasing share of infrastructure assets within Spanish capital stock between 1900 and
1935 that has been described above.

Graph 2.8
Spanish gross infrastructure investment/total gross investment
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Sources : Prados de la Escosura (forthcoming) and my own figures.
Table2.4

Spanish grossinfrastructure investment/total grossinvestment (%)

1850-1859  18.17
1860-1869 19.61
1870-1879  11.99
1880-1889 12.89
1890-1899  16.90
1900-1909  10.02
1910-1919  10.56
1920-1935  10.25

1850-1895 16.15
1895-1935 10.76

1850-1935  13.55

Sources: Prados de la Escosura (forthcoming) and my own estimates.

Finally, Table 2.5 offers a complementary picture to Table 2.2, presenting the
composition of infrastructure capital formation throughout the period, as well as the

growth rates of investment in each type of assets, which clearly reflect the violent
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fluctuations of infrastructure capital formation during the period under consideration and,

especially, during its first decades.

Table2.5
Spanish grossinfrastructure investment (1845-1935)
A) Composition of investment (annual average, %)

Railw. Tramways  Roads Ports Telecom. Electric.  Hydr. Total
and Underg. Works (M of 1990 pts)
1845/55 37.19 0.00 4593 6.23 0.02 0.00 10.63 10,006
1856/65 70.69 0.00 2094 430 0.09 0.00 3.98 40,531
1866/75 48.35 0.00 3853 954 0.04 0.00 354 15,843
1876/85 58.25 0.72 3258 6.99 0.06 054 0.66 37,320
1886/95 58.79 0.88 3134 734 0.26 0.74 0.64 38,994
1896/1905  43.58 6.05 30.70 13.57 0.10 313 2.86 35,555
1906/15 30.27 295 33.67 15.35 0.49 9.32 7.96 41,979
1916/25 21.16 8.25 2010 771 0.92 21.50 11.36 57,449
1926/35 19.14 2.57 36.67 9.85 3.52 16.47 11.78 86,800
1845/1895  59.98 0.33 30.80 5.62 0.13 0.29 2.84 26,163
1895/1935  26.36 4.61 33.06 10.92 1.69 14.03 9.33 55,224
1845/1935  38.57 3.04 32.29 8.94 1.12 9.03 7.01 39,035
B) Yearly growth rate of investment (%)
Railw.  Tramways  Roads Ports Telecom. Electric. Hyadr. Total
and Underg. Works
1845/55 31.65 1421 890 15.96 18.90
1855/65 15.17 769 1544 153 12.15
1865/75 0.03 -4.04 -4.34 -38.49 -2.76
1875/85 4.49 6.24 5.15 -7.32 8.12 512
1885/95 10.72 31.60 -1.30 1264 8.60 23.69 134 6.78
1895/1905  -2.84 6.96 -289 -2.02 10.64 2.27 26.57 -1.49
1905/15 10.26 -11.99 2.76 0.39 344 20.44 9.80 6.42
1915/25 7.04 17.72 302 -1.04 821 8.48 4.03 5.85
1925/35 -12.68 -1.74 -455 462 -13.05 -11.11 4.78 -5.27
1845/1895  4.62 263 2.60 -3.90 3.22
18951935  -0.20 2.15 293 0.85 12.76 8.62 8.94 2.67
1845/1935 1.19 208 3.14 3.29 2.25

Sour ces: see the Appendix of this chapter.
Note: Investment growth is expressed in annual accumulative rates, adjusted to alog trend.

In line with previous comments, the table reflects the enormous concentration of
the investment effort on railways until the last few years of the nineteenth century, and the
further diversification of investment during the first third of the twentieth century.
According to the data, during the second half of the nineteenth century, 60 per cent of the
resources that were invested in the improvement of Spanish infrastructure stock were
devoted to railways, and most of the remaining investment was dedicated to the
development of the road network. Other infrastructure received extremely smal
proportions of total resources. That situation gradually changed after the virtual completion
of the rallway network in the 1890's, when a process of intense diversification of

investment started. The reduction in the importance of railways firstly benefited ports and
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urban and suburban transport. However, the shares of those assets in total investment were
soon taken over by irrigation infrastructure. And, finally, thanks to the development of new
energy and communication technologies, an increasing amount of resources was devoted to

the construction of the telephone system and, especially, electricity distribution networks.°

* *x %

In summary, if afeature may be singled out as the most characteristic of the process
of construction of Spanish infrastructure between 1845 and 1935, it is the contrast between
railways and all other elements. If railways are set aside, infrastructure investment grew in
a sustained manner during the whole period under study and the endowment of
infrastructure per unit of output also grew without interruption up to the Civil War. The
growth of the railway stock, on the contrary, was very intense during the second half of the
nineteenth century and stagnated thereafter. Due to the importance of railways within total
infrastructure, their particular evolution determined the movements of the ratio between

infrastructure stock and GDP.

The distinct evolution of railways may be explained by the characteristics of
railway technology and Spain’s geography. On the one hand, railways constituted a
country-wide system with clear network economies. On the contrary, al other
infrastructure (except for the telegraph network) had, at least until the First World War, a
predominantly local or regional scope. The network economies that characterised railways
meant that their private and social returns could only reach their potential maximum when
the whole system was finished, which may help to explain the huge concentration of

resources on railway construction during the second half of the nineteenth century. *°

On the other hand, the limited opportunities for the development of inland
waterways in Spain gave raillways a crucia role in the process of reduction of long-
distance transport costs and integration of the Spanish market. In other European countries,
complementarity between railways and navigation was much more important, and the
process of economic integration could rely on a variety of transport systems. In mid-

nineteenth century Spain, on the contrary, there was no feasible alternative to the

29 Actually, production and distribution of electricity constituted the most important destination of capital in
Spain during the first third of the twentieth century, and the paid-up capital of the electricity companies
reached the same level as the capital of the railway companies by 1921; see Bartolomé Rodriguez (1995), p.
109.

30 Thisideawas already advanced by Nadal Oller (1975), p. 42.
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congtruction of the railway network as a prerequisite for market integration and the
development of a modern growing economy. In that context, the State's determination to
endow the economy with a railway system may be easily understood, athough this does
not rule out the hypothesis pointed out by some historians that the mistakes that were made
throughout the construction process by Spanish governments could have put an excessive

burden on the economy.*

The characteristics of Spain’s geography aso help to explain the absolute decrease
in railway investment during the first decades of the twentieth century. Spain’s low
population density prevented the growth of the railway network beyond a certain level
because, once the main long-distance lines had been constructed, opportunities to establish

profitable lines with a smaller spatial scope were extremely limited.

Stagnation of railway capital formation coincided with the gradual diversification
of infrastructure. However, the growth of the stock of other types of infrastructure was
much smoother than in the case of railways. Among other reasons, this may be related to
the fact that, before the First World War, roads were the only non-railway infrastructure
that made up a large scale network.>? However, in the second half of the nineteenth century
they were mainly addressing local and regional needs. Network economies were therefore
much less important than in the case of raillways, and it is not possible to observe
comparable phenomena of temporal concentration of investment in roads. On the other
hand, road construction was much cheaper than railway construction. As a consequence,
the growth of the road network went on well after the completion of the main connection
lines, and the limits to the development of the network had not yet been reached by the
1930's, as can be seen in Table 2.6.

31 See especially Tortella Casares (1973) and (1999), and also Chapter 7 of thisthesis.
32 As has been indicated before, another exception was the telegraph network, but it had very little
importance within total infrastructure.
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Table 2.6
Relative development of railways and roads (1870-1930)

Year Road mileage /railway mileage

1870 4.03
1880 3.72
1890 3.64
1900 351
1910 3.89
1920 4.50
1930 8.08

Sour ces: see the Appendix of this chapter.

In al other infrastructure, such as urban transport, ports, hydraulic works and
electricity distribution, investment had a clearly local scope at least until the First World
War and, unlike railways, growth was rather smooth. The situation only changed in the
1920's and 1930’s, when technological change generated network economies in some of
those assets. By the mid-1920's, the establishment of a new network of highways well
adapted to medium and long distance motor car traffic, a national telephone system, and an
extensve and unified electricity distribution network arose as necessary, “lumpy”
investments that needed to be undertaken as fast as possible. In those three cases, the local
character of earlier investment was replaced all over Europe by the planning of national
networks. In Spain, however, the turbulent years of the Great Depression and, later on, the
Civil War, and the long economic stagnation that ensued, delayed improvements until the

late 1950's, with the only partial exception of the national telephone network. 33

2.4 Conclusions

This chapter has presented new estimates of Spanish infrastructure stock and
investment for the period 1845-1935. The new series are intended to provide quantitative
information about one of the key factors in Spanish economic growth during the first stages of
industridisation. Although some measurement of State capital stock had aready been
undertaken, this research is the first systematic attempt to estimate the value of the whole
Spanish infrastructure.

33 In the case of electricity, the development of national systems in the European countries during the Inter-
war period has been described by Segreto (1993), p. 362. For Spain, the failure to develop such an integrated
network before the Civil War has been analysed by Tora (1983) and Bartolomé Rodriguez (2000).
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It has been necessary to use a variety of sources and techniques in the estimation. In
generd, the find figures are consstent with the available information on the physica
evolution of Spanish infrastructure during the period, and aso with its monetary vaue in the
1960's, when the first direct estimates were produced. The new series may therefore be
accepted as reasonably reliable to the standards of historical atistics, with the possible
exceptions of the telegraph network and the stock of Spanish candls.

Thanks to the new series, a nearly complete picture of the process of development of
Spanish infrastructure between the mid-nineteenth century and the present is available. This
chapter has focused on the main characteristics of Spanish infrastructure stock and investment
before the Civil War of 1936, i.e. during the period that constitutes the central interest of the
thesis. The new quantitative evidence reflects a constant and sustained effort of improvement
and enlargement of Spanish infrastructure endowment throughout the period. Although
infrastructure investment was characterised by very violent fluctuations, especially during the
first and the last years of the period under study, it has not been possible to confirm the
presence of structural breaks in the series which could have interrupted or substantialy atered

its long-term growth.

Broadly speaking, it is possible to distinguish two distinct periods in the evolution of
Spanish infrastructure. On the one hand, during the second half of the nineteenth century the
Spanish infrastructure endowment per unit of output experienced a constant increase. That
process was mainly associated with the construction of the railway network, which accounted
for exceedingly high shares of total infrastructure investment. Railway construction showed,
much more than any other infrastructure, a high temporal concentration, due to the network
economies of the rallway system and the lack of feasble dternatives for long-distance
transport in Spain.

On the other hand, from the last few years of the twentieth century, railway capital
formation stagnated due to the virtual completion of the main railway network. The leading
role in infrastructure investment was then transferred to other assets without such
important network economies and with a much smoother growth. In spite of the gradual
development of those other assets, the stagnation of railway investment from the late
1890’ s resulted in the stability of the ratio between total infrastructure stock and GDP, and
in the reduction in the share of infrastructure within total capital. That situation started

changing in the last fifteen years of the period, when network economies arose in sectors
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such as roads, electricity distribution and telecommunications. However, the Great
Depression and Civil War interrupted those changes until the second half of the twentieth
century.

This description of the evolution of Spanish infrastructure conceals, however, very
diverse situations in the different Spanish regions. Infrastructure investment was not evenly
distributed across the Spanish territory and, parale to its continuous growth, it is possible
to observe the appearance of differences in endowment among regions. In this research,
together with the estimation of the new infrastructure series, some indicators of regional
infrastructure endowments have also been obtained, and they are presented and analysed in

the following chapter.
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APPENDIX

SOURCESAND ESTIMATION M ETHODS OF THE NEW INFRASTRUCTURE DATABASE

A.2.1 Transport infrastructure

1) Railways

2) Tramways

3) Sate roads

4) Provincial and local roads

5) Ports

A.2.2 Communication networks

1) Telegraph
2) Telephone

A.2.3 Energy distribution networks
A.2.4 Hydraulic Works

1) Reservoirs
2) Canals

A.2.5 Summary

A.2.1 Trangport infrastructure

This section presents new estimates of the net infrastructure stock of railways, urban
transport, roads and ports. The lack of information has precluded obtaining figures for airport
infrastructure, athough this excluson seems to be of minor importance in the period before
19363

3 The IVIE gives yearly figures of State non-military investment in air transport since the beginning of the
twentieth century. However, there are two reasons that prevent us from using those data to estimate
infrastructure stock figures. Firstly, a large share of the Spanish airport investment was not financed by the
State before 1936. More concretely, until 1927 most civil air transport was a private business, in which the
State only took part via subsidies. The 1927 Airport Act changed that situation by setting up a system of
Juntasthat were in charge of airport investment. However, under the new system, each airport Junta could be
financed not only by the State, but also by the Local Councils, the Provincial Diputaciones and private
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1) Railways

In the case of raillways, differences in the available information have led to different
estimation procedures being adopted for broad and narrow gauge lines, which are separately
described in this section. Regarding broad gauge railways, capital formation in the sector has
already been studied by higtorians. In the 1980's, Antonio Gomez Mendoza published
decennial figures of investment in “new construction” and “upkeep” of broad gauge railways,
which were based on the accounting information of the “five largest” companies.® In recent
research, Cucarella has transformed Goémez Mendoza's data into a yearly series of gross
investment in broad and narrow gauge railway infrastructure, to which he has applied the

perpetual inventory method to get an estimate of Spanish net railway stock.>

Cucarella's stock series, however, contains a number of shortcomings that make it
difficult to accept without criticism. Firstly, the whole rallway infrastructure has been
assumed to have a useful life of 40 years. Although this figure may be appropriate for track
and accessories, it is too short to be applied to stations, grading and other works. Secondly,
the series has not been corrected for the vaue of land, which isincluded in Gémez Mendoza' s
investment figures. Thirdly, narrow gauge railways have been included in the estimation by
applying to their length a unit value of 75 per cent of that of broad gauge ralways.
Nevertheless, information available on construction costs indicates that a lower figure would
be more appropriate. Finaly, in Cucarella’s estimates, the whole of Gomez Mendoza's
figures for “upkeep” expenses have been considered as capital formation. However, they aso
include certain expenses that merely relate to maintenance and surveillance. The last three
problems introduce serious upward biases to the series. Although they are to some extent
overcome by the assumption on the useful life of the assets, the unreliability of the final stock
figures makes it advisable to carry out an aternative estimation. 3’

contributors. In addition, the airport of Barcelona, which was one of the most important in Spain at the time,
was transferred to the Catalan regional government in 1932. Secondly, the IVIE data include investment in
land, which accounted for avery large share of total airport investment during the first stages of the history of
air transport, and cannot be included in infrastructure. On these issues, see AENA (1996). According to the
IVIE database, the State-owned air transport capital stock amounted in 1935 to 11,136.7 million of 1990
pesetas, i.e. around 0.5 per cent of my estimate for total infrastructure. Although this figure does not
represent infrastructure stock, it may be considered indirect evidence of the little importance of airports
within the Spanish infrastructure before 1936.

35 See Gomez Mendoza (1989a), p. 69. Investment figures do not include rolling stock, although the author
does not indicate which method was applied to exclude it. There is no mention either in the text of the
sgecific companies that make up the sample.

% Cucarella (1999), pp. 69-76.

37 Another problem, although less relevant for the final results, is the fact that Cucarella distributes the
investment of the years 1855-1859 throughout the whole decade of 1850, obtaining as a consequence too low
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In this research | have aso applied the perpetua inventory method to the available
investment figures, athough avoiding the problems that affect Cucarella’s estimation and
benefiting from a large amount of additional statistical information. The main basis for the
estimation is adso the accounting information of a sample of companies. The accounts of
Primer Establecimiento (First Establishment) of the Spanish railway companies reflected the
amounts devoted each year to the congtruction or acquisition of lines. Accordingly, the
positive differences between the value of those accounts in two adjacent years may be

considered as a proxy for the yearly capital formation of each company. 8

Of course, the shortcomings of the available accounting data are numerous and very
difficult to overcome. Firstly, in the case of acquisitions, the amount paid by a company for an
dready constructed line could be very different from its construction cost.*® Secondly, in
those cases in which construction cost accounting figures are available instead of acquisition
values, they usualy contain an upward bias associated with the high level of corruption that
dominated the construction process.*® Thirdly, the annua increases in the vaue of “First
Establishment” are neither “new” nor gross (i.e. “new” plus replacement) capital formation,
because during the period under study the companies replacement investment was distributed
between “First Establishment” and some operation expense accounts, such as “via 'y obras’
(track and works) and “gastos extraordinarios’ (extraordinary expenses).** Unfortunately, it
is not possible to add the value of those two accounts to “First Establishment” figures to
obtain a series of gross capital formation, because (especidly in the case of “track and
works’) they aso contain expenses that can by no means be consdered replacement

investment, but just maintenance and surveillance.

levels of yearly investment before 1860. That mistake is due to an error in the edition of Gémez Mendoza's
data, which has been sorted out in alater work by the same author; see Gémez Mendoza (1991), p. 196.

% |n some cases those accounts diminished from one year to the next. Those reductions were usually
associated with sales of land or the retirement of rolling stock and, therefore, have not been considered in the
estimation process. On this subject, see Gomez Mendoza (1991), p. 196.

39 See, for instance, Cordero and Menéndez (1978), pp. 261-262, and also Tedde de Lorca (1980), who
indicates that, in the case of Andaluces, acquisition costs of other companies’ assets were only 40 per cent of
the original accounting construction costs.

40 See, among others, Tedde de Lorca (1978), pp. 235-240 and (1980), Keefer (1996), or Comin Comin et al
(1998), Val. 1, pp. 203-210. This problem is also present in construction cost data for other countries; see, for
instance, for Britain, Kenwood (1965), p. 314, for the US, Fishlow (1965), pp. 351-356, and Fogel (1960), p.
54, and, for Portugal, Pinheiro (1979), p. 284.

“1 This procedure was also usual in other countries; see, for instance, Fishlow (1966), p. 591, Green (1986),
p. 789, and, especially, Pollins (1969), pp. 156-158. This author has indicated that, in the case of the British
railways, “the basis for the allocation of certain important items between capital and revenue accounts was
not the same in all companies, and (...) the allocation was not carried out in a consistent manner by any
major companies’ (pp. 160-161), the accounting practices changing according to “financial circumstances
and the dictates of management policy (p. 159).
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In spite of those problems, the lack of good qudity aternatives makes “First
Establishment” data the best way to approach investment by the Spanish railway companies
and, therefore, they are aso the basis for the current estimation. The companies whose “First
Establishment” data have been collected are: Norte, MZA, Andaluces MCPO and Qur, as well
as Tudea-Bilbao and the main Catdan broad gauge raillway companies before their
absorption by Norte and MZA*? Those data are available for the period 1858-1935, in which
those companies accounted for a growing share of the broad gauge network.*® As has been
indicated, the positive differences between the value of “First Establishment” accounts in two
adjacent years have been considered as capital formation figures, and have been deflated and
diminished to exclude land and rolling stock.** The rest of the network has been assumed to

have the same construction cost as the companies in the sample.*

In order to transform investment into stock data, it is necessary to make a number
of assumptions about the distribution of investment among different assets and about each
asset useful lifetimes. These have been assumed to be, in the case of track and accessories,

18 years until 1871 and 30 years from 1872 onwards*® and, in the case of grading, works

42 For MZA, Andaluces, MCPO and Sur, data comes from the companies annua reports. The “First
Establishment” accounts of MCPO and Sur have been assumed to remain unaltered after 1928, when they
were nationalised. For other companies, data has been taken from Tedde de Lorca (1978), pp. 264-290, in the
case of Norte; Pascual Domenech (1999b) for the Catalan companies; and Ormaechea (1989), p. 18, for
Tudela-Bilbao. In the last two cases, infrastructure investment has been assumed to be zero during the
railway crisis of 1866-1873.

“3 The share of the sample companies in the mileage of the broad gauge railway network was 57 per cent on
average before 1878 and 83 per cent thereafter.

44 Aswas indicated before, if nothing else is said, deflation of all series presented in this Appendix is based
on Prados de la Escosura’ s deflator for the construction sector, in Prados de la Escosura (1995), pp. 131-132,
which has been linked in 1954 with the official INE (Instituto Nacional de Estadistica/National Statistic
Institute) deflator for “other constructions’. Land is assumed to amount to 5 per cent of the capital stock, and
rolling stock is assumed to be 10 per cent of capital up to 1910, and to grow from 10 to 25 per cent between 1911
and 1935. These percentages result from the examination of the available data on the construction cost structure
of Spanish railways, coming from Alzolay Minondo (1884-1885), 33, p. 228, Hernandez (1983), Tedde de
Lorca (1978), pp. 264-290, Pascual Domenech (1999b) and MZA's annual reports. The unit construction cost
that results from the “First Establishment” accounts gradually diminishes until 1898 and increases thereafter.
Theincrease after 1898 can be explained by the process of infrastructure improvement that took place during
the first third of the twentieth century (i.e. electrification, laying of double track and enlargement and
modernisation of stations). However, the previous decrease is more difficult to explain and may have been
associated with the fact that, during the first stages of construction, investment was concentrated on the most
important and better equipped lines of the country, aswell asto the high level of corruption that characterised
the railway mania of 1855-1866.

> Total network mileage in operation comes from Cordero and Menéndez (1978), pp. 324-325. These
authors' series has been transformed into a constructed mileage series by applying Fenoaltea's procedure for
Italy; see Fenoaltea (1984), p. 67. This author assumes that the building of each line lasted for 5 years and
distributes therefore the length that was open to operation each year throughout the former 5-year period,
according to the following coefficients: 0.23, 0.3, 0.23, 0.16 and 0.08. Out-of-sample lines have been
assumed to have the 1898 unit cost of the sample lines during the whole period 1845-1898, and the same
yearly unit cost as the sample after 1898.

“6 See Gomez Mendoza (1982), p. 95, and (1991), p. 197, and Groote (1996), p. 98.

76



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

and stations, 100 years.*” The shares of each asset within total construction costs have been
assumed to be 25 per cent for track and accessories and 75 per cent for grading, works and
stations.*®

An additional problem to carry out the estimation is the fact that, as previousy
indicated, capital formation figures coming from “First Establishment” accounts are not a
series of either “new” or gross investment, because replacement was partially accounted
within operation expenses. In order to get a series of gross investment in broad gauge
rallway infrastructure, it is aso necessary to make some assumptions on the share of
replacement investment that was entered as “First Establishment” in the companies
accounts. Moreover, the Spanish railway companies suffered a severe process of
undercapitalisation, especially from the 1890's onwards, due to their inability to meet the
required replacement investment.”® Therefore, assumptions about the companies
accounting practices have to be accompanied by additional assumptions on the companies

underinvestment during the period under study.

Given the degree of uncertainty about these two aspects, it seems convenient to
look for complementary means to approach the value of the stock of broad gauge railway
infrastructure during the period of analysis. Actually, the information available about
Spanish broad gauge railway investment and stock after nationalisation in 1941 makes it
possible to get an estimate of the value of the stock in 1935. A direct estimate of the
replacement cost of the capital stock of the public company RENFE is available for the
year 1963, which may be carried backward thanks to information on the net investment of
RENFE in 1941-1963 and on the destruction of railway infrastructure during the Civil War
of 1936-1939.%° The resulting value of the net broad gauge railway infrastructure stock in
1935 is 406,559 million of 1990 pesetas.

" In the case of grading and works, | assume a constant replacement process to make up for the share of
depreciation that is caused by deterioration, asin Feinstein (1965), p. 9.

8 Percentages coming from Alzolay Minondo (1884-1885), 33, p. 228, Hernandez (1983), Pascual
Domeénech (1999b) and MZA' s annual reports.

%9 On this subject see below, Section 7.3.

°0 The 1963 estimate, inMira Rodriguez and Llagunes Farras (1968), p. 506. A series of RENFE’s total net
investment and depreciation in 1942-1963 is available in Comin Comin et a (1998), Vol. 2, p. 62. These
authors also offer information on the composition and level of total gross investment during those years (p.
64). The share of infrastructure in net investment has been assumed to be the same as in gross investment.
For 1936-1941, gross investment has been assumed to be zero, and depreciation has been assumed to follow
the same log trend as in 1942-1963. Comin Comin et a (1998), Vol. 2, p. 3, aso give estimates of the
destruction of infrastructure that was suffered by Norte and MZA during the Civil War, and similar rates of
destruction have been assumed for the rest of the network.
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If it is assumed that, during the period 1845-1935, 60 per cent of replacement
investment was entered in the companies accounts as “First Establishment” and the rest as
operation expenses, and that only half the resources that were required for the replacement
of old assets were actually invested, the available accounting data would imply a net
infrastructure stock in 1935 of 465,124 million of 1990 pesetas, i.e. only 14 per cent higher
than the vaue resulting from RENFE's information.®® These two assumptions have
therefore been retained in the estimation, and Table A.2.1 shows the series that have been

obtained as a result.

TableA.2.1
Broad gauge railways (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment

1845 322 0 322 322 0 322 322
1846 506 1 505 826 7 499 820
1847 786 2 784 1,610 18 768 1,589
1848 1,296 4 1,292 2,902 A 1,261 2,850
1849 2,029 7 2,022 4,924 62 1,967 4,817
1850 3,208 12 3,195 8,119 105 3,102 7,919
1851 4,159 20 4,139 12,258 174 3,985 11,904
1852 5,243 30 5,212 17,470 263 4,980 16,884
1853 5,551 43 5,508 22,978 375 5,176 22,060
1854 5,738 57 5,681 28,659 493 5,245 27,306
1855 6,789 71 6,719 35,378 615 6,174 33,480
1856 8,293 87 8,205 43,583 760 7,533 41,013
1857 13,572 108 13,464 57,047 936 12,636 53,649
1858 21,219 141 21,078 78,126 1,225 19,994 73,643
1859 28,802 193 28,609 106,734 1,678 27,124 100,767
1860 35,114 264 34,851 141,585 2,292 32,822 133,589
1861 38,454 350 38,105 179,690 3,040 35,414 169,004
1862 42,780 443 42,337 222,026 3,859 38,921 207,924
1863 40,000 628 39,372 261,398 4,770 35,230 243,155
1864 33,481 770 32,711 294,109 5,615 27,866 271,020
1865 22,535 920 21,615 315,724 6,318 16,217 287,237
1866 11,858 1,099 10,759 326,483 6,782 5,076 292,313
1867 5,439 1,307 4,132 330,616 7,010 -1,571 290,742
1868 2,293 1,609 6384 331,299 7,090 -4,797 285,945
1869 3,461 1,847 1,614 332,913 7,086 -3,625 282,320
1870 3,347 2,122 1,225 334,139 7,095 -3,747 278,572
1871 3,734 2,202 1,532 335,670 7,085 -3,352 275,221
1872 4,122 2,252 1,869 337,540 7,080 -2,958 272,263
1873 7,471 2,520 4,950 342,490 7,031 440 272,703
1874 12,148 2,909 9,239 351,729 7,111 5,037 277,740
1875 13,178 4,254 8,924 360,653 7,198 5,980 283,720
1876 10,397 6,193 4,204 364,857 7,240 3,157 286,877
1877 8,182 8,108 74 364,931 7,148 1,034 287,910
1878 15,428 9,701 5,727 370,658 6,933 8,495 296,406

L That difference might be explained by a number of reasons, such as deflation problems, or the
aforementioned excess construction costs associated with corruption and the high cost of capital during the
construction process.
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment
1879 18,812 10,568 8,243 378,901 6,758 12,054 308,460
1880 21,176 11,691 9,486 388,387 6,598 14,579 323,038
1881 16,976 11,010 5,967 394,353 6,448 10,529 333,567
1882 18,340 9,397 8,943 403,297 6,263 12,077 345,644
1883 17,290 6,671 10,619 413,916 6,173 11,117 356,762
1884 14,616 3,987 10,629 424,545 6,189 8,428 365,189
1885 11,587 2,337 9,250 433,795 6,282 5,305 370,494
1886 8,877 1,454 7,423 441,218 6,403 2,475 372,969
1887 8,547 1,665 6,882 448,100 6,520 2,027 374,996
1888 9,817 1,542 8,275 456,375 6,623 3,193 378,190
1889 12,548 1,624 10,924 467,299 6,752 5,796 383,985
1890 16,268 1,269 14,999 482,298 6,066 10,202 394,187
1891 21,640 1,301 20,339 502,638 6,311 15,330 409,517
1892 23,751 1,346 22,405 525,043 6,640 17,111 426,628
1893 22,731 1,397 21,335 546,377 7,003 15,729 442,356
1894 24,647 1,444 23,203 569,580 7,349 17,298 459,654
1895 21,069 1,496 19,573 589,153 7,725 13,344 472,999
1896 16,123 1,539 14,584 603,737 8,043 8,080 481,079
1897 6,101 1,569 4,532 608,269 8,283 -2,182 478,897
1898 8,805 1,574 7,231 615,500 8,364 441 479,337
1899 11,383 1,585 9,798 625,298 8,488 2,896 482,233
1900 12,428 1,603 10,825 636,123 8,652 3,776 486,009
1901 10,863 1,623 9,239 645,363 8,833 2,030 488,039
1902 10,901 2,096 8,805 654,168 8,989 1,913 489,952
1903 10,223 2,845 7,379 661,546 9,130 1,094 491,046
1904 5,933 3,878 2,054 663,601 9,235 -3,302 487,744
1905 2,892 3,612 -720 662,881 9,239 -6,347 481,396
1906 1,906 2,148 -242 662,639 9,203 -7,297 474,099
1907 2,337 829 1,508 664,147 9,201 -6,864 467,235
1908 3,868 2,004 1,864 666,011 9,249 -5,381 461,855
1909 6,494 2,515 3,979 669,990 9,282 -2,788 459,067
1910 7,834 1,609 6,224 676,215 9,340 -1,506 457,561
1911 9,635 931 8,704 684,918 9,449 186 457,746
1912 14,033 2,109 11,924 696,843 9,610 4,424 462,170
1913 11,730 3,253 8,477 705,320 9,801 1,929 464,099
1914 10,928 3,962 6,965 712,285 9,918 1,010 465,109
1915 3,069 4,060 -991 711,293 9,999 -6,931 458,179
1916 8,540 3,831 4,710 716,003 9,953 -1,413 456,766
1917 10,641 3,660 6,981 722,984 10,001 640 457,406
1918 2,033 4,060 -2,027 720,957 10,088 -8,055 449,351
1919 0 4,704 -4,704 716,254 10,026 -10,026 439,324
1920 0 5,811 -5,811 710,443 9,911 -9,911 429,414
1921 5,427 7,142 -1,715 708,727 9,758 -4,330 425,083
1922 8,896 7,672 1,224 709,951 9,646 -750 424,333
1923 10,281 7,428 2,853 712,804 9,571 710 425,043
1924 13,302 7,921 5,381 718,185 9,527 3,775 428,818
1925 14,432 7,048 7,384 725,569 9,515 4,917 433,735
1926 16,444 5,836 10,609 736,178 9,550 6,894 440,630
1927 20,925 3,359 17,566 753,744 9,658 11,267 451,897
1928 23,130 4,075 19,055 772,799 9,920 13,210 465,107
1929 19,851 4,765 15,086 787,885 10,194 9,657 474,764
1930 16,612 5,063 11,548 799,433 10,395 6,217 480,981
1931 12,834 4,700 8,133 807,566 10,534 2,299 483,280
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Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment I nvestment
1932 11,365 4,501 6,865 814,431 10,627 738 484,019
1933 6,852 3,980 2,872 817,303 10,704 -3,852 480,167
1934 3,765 2,402 1,363 818,666 10,727 -6,962 473,205
1935 2,672 1,772 900 819,566 10,754 -8,081 465,124

In the case of narrow gauge railways, the first step of the estimation has been the
elaboration of a new yearly mileage series, due to the lack of consensus among the available
ones>® The new series of mileage in operation is based on the information provided by
MAEOP and AFT, and is presented in Table A.2.2. It has been transformed into a series of
congtructed mileage by applying Fenoaltea s procedure for the Itaian railways (see above).

The second step in the estimation has been the search for unit construction cost figures
for narrow gauge railways. The “First Establishment” accounts of a sample of companies (that
amounted to 89 per cent of the network) in 1922 has been used to obtain that information. 3
“First Establishment” data have been deflated according to the timing of construction of the
network and have been used to get a unit construction cost figure, after subtracting 18 per cent

of total cost to exclude land and rolling stock.>*

The resulting unit cost has been applied to the
yearly constructed mileage data to obtain a series of “new” investment. Annua retirements
(and, therefore, replacement expenses) have been estimated according to the useful life of the
assets, and “new” and replacement investment figures have been added up to obtain a series
of gross investment, to which the perpetua inventory method has been applied to obtain the

yearly value of the net stock.>®

2 Yearly series of narrow gauge railway mileage are available in AEE, Instituto Nacional de Estadistica
(1965), and Gomez Mendoza (1989b), pp. 282-284. Those three series only coincide from 1915 onwards, and
none of them is consistent with the information given by MAEOP on linesin operation.

%3 Thisinformation is available in MAEOP.

>4 This percentage comes from Alzolay Minondo (1884-1885), 33, p. 228.

%5 Useful lifetimes as in broad gauge railways. The share of each type of assets within total stock has been
taken from Alzolay Minondo (1884-1885), who suggests 49 per cent for grading and works, 29 per cent for
track and 22 per cent for stations. Replacement has been assumed to coincide with retirements, except for
those lines that were closed before 1936. The value of the net stock in 1935 that results from these
assumptions is 60 per cent higher than the estimate available for 1965 in Mira Rodriguez and Llagunes Farras
(1968), p. 520. Thisis consistent with the bad condition and the increasing undercapitalisation of the narrow
gauge Spanish railways after the Civil War of 1936, which are pointed out by Comin Comin et a (1998),
Vol. 2, p. 316, and also with the gradual disappearance of some companies, which was very intense during
the 1960’s. If my estimate for 1935 is carried forward under the assumption that only 50 per cent of the
required replacement investment was actually met during the period 1936-1965, the resulting net stock
estimate for 1965 would be just 5 per cent lower than the direct estimate for that year that is reproduced in
Mira Rodriguez and LIagunes Farras’ article.

80



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

TableA.2.2
Narrow gauge railways (million of 1990 pesetas)
Network  Gross Retirements New Gross Stock Depreciation  Netlnv.  Net Stock
length (km)  Inv. Inv.

1849 % 0 9% % 0 9% 9%
1850 218 0 217 314 2 216 312
1851 328 2 326 640 7 320 632
1852 440 3 437 1,077 15 425 1,058
1853 29 385 5 380 1,457 25 360 1,417
1854 37 93 7 86 1,543 A 59 1,476
1855 37 27 7 19 1,562 36 -10 1,466
1856 38 22 8 15 1,577 37 -14 1,452
1857 33 8 8 0 1,577 37 -29 1,423
1858 33 8 8 0 1,577 37 -29 1,393
1859 38 23 8 15 1,592 37 -14 1,379
1860 3 154 8 146 1,738 37 116 1,495
1861 38 283 8 275 2,012 11 242 1,737
1862 33 399 10 389 2,401 47 352 2,089
1863 43 489 12 477 2,878 56 432 2,521
1864 78 465 14 451 3,329 638 397 2,918
1865 78 404 16 388 3,717 78 326 3,244
1866 78 661 18 643 4,359 87 573 3,817
1867 78 927 49 878 5,238 103 825 4,642
1868 114 995 83 907 6,145 123 872 5,513
1869 160 558 124 435 6,579 145 414 5,927
1870 160 431 158 273 6,852 155 276 6,203
1871 160 795 143 653 7,505 161 634 6,838
1872 160 1,060 61 999 8,504 176 883 7,721
1873 160 1,420 47 1,373 9,877 310 1,110 8,831
1874 243 1,494 52 1,442 11,319 311 1,183 10,014
1875 276 898 55 843 12,162 309 589 10,603
1876 276 851 59 791 12,953 302 549 11,152
1877 289 1,033 67 966 13,919 300 734 11,886
1878 341 978 110 868 14,788 316 662 12,548
1879 362 579 151 428 15,216 330 249 12,797
1880 362 838 186 652 15,869 335 503 13,300
1881 362 1,458 214 1,243 17,112 344 1,114 14,414
1882 396 2,012 213 1,799 18,911 362 1,650 16,063
1883 397 2,761 204 2,557 21,468 390 2,370 18,434
1884 496 3,500 289 3,210 24,678 432 3,068 21,502
1885 546 3,456 401 3,055 27,733 482 2,973 24,475
1886 608 3,727 459 3,268 31,001 528 3,198 27,673
1887 745 3,517 370 3,147 34,149 577 2,940 30,613
1888 797 3,177 370 2,806 36,955 626 2,550 33,163
1889 851 4,205 477 3,728 40,682 670 3,535 36,698
1890 895 5,490 198 5,292 45,975 696 4,794 41,492
1891 1,019 7,062 223 6,839 52,814 787 6,275 47,767
1892 1,147 8,114 257 7,857 60,671 904 7,210 54,977
1893 1,350 8,416 295 8,122 68,792 1,038 7,378 62,355
1894 1,596 7,132 334 6,798 75,590 1,177 5,955 68,310
1895 1,765 5,345 367 4,978 80,568 1,294 4,051 72,361
1896 1,980 3,733 392 3,341 83,909 1,379 2,354 74,715
1897 2,029 2,193 408 1,785 85,694 1,436 757 75,472
1898 2,040 2,490 416 2,073 87,768 1,467 1,023 76,495
1899 3,011 427 2,585 90,352 1,502 1,509 78,004
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Network  Gross Retirements New Gross Stock Depreciation  Netlnv.  Net Stock

length (km) Inv. Inv.
1900 3,833 439 3,394 93,747 1,546 2,287 80,291
1901 5,523 456 5,068 98,814 1,605 3,919 84,210
1902 7,522 793 6,729 105,544 1,601 5,831 90,040
1903 2,358 9,131 914 8,217 113,761 1,806 7,324 97,365
1904 9,322 972 8,349 122,110 1,947 7,375 104,740
1905 2,985 6,258 836 5,422 127,532 2,090 4,168 108,907
1906 3,083 3,362 848 2,514 130,046 2,183 1,179 110,087
1907 3,135 2,988 915 2,073 132,120 2,226 762 110,849
1908 3,196 3,552 934 2,617 134,737 2,261 1,290 112,139
1909 3,252 3,806 857 2,949 137,686 2,306 1,500 113,639
1910 3,252 4,642 969 3,672 141,358 2,357 2,285 115,924
1911 3,342 6,335 1,182 5,153 146,511 2,419 3,916 119,840
1912 3,575 6,717 1,360 5,357 151,868 2,508 4,210 124,049
1913 3,588 6,414 1,586 4,828 156,696 2,599 3,815 127,864
1914 3,673 7,708 1,871 5,837 162,533 2,682 5,026 132,890
1915 3,902 7,038 1,950 5,088 167,621 2,782 4,256 137,146
1916 4,111 4,574 2,080 2,494 170,115 2,869 1,705 138,851
1917 4,147 2,829 1,952 877 170,992 2,912 -83 138,768
1918 4,147 3,233 1,844 1,390 172,381 2,927 307 139,075
1919 4,147 4,531 2,209 2,322 174,703 2,950 1,580 140,655
1920 4,169 5,572 2,373 3,198 177,902 2,990 2,581 143,237
1921 6,183 2,834 3,349 181,251 3,045 3,138 146,375
1922 4,410 5,401 3,144 2,258 183,509 3,102 2,299 148,674
1923 4,450 4,697 3,231 1,466 184,975 3,141 1,556 150,230
1924 4,484 4,477 2,857 1,620 186,595 3,166 1,311 151,541
1925 4,519 4,038 2,340 1,607 188,292 3,194 844 152,385
1926 4,537 3,610 1,877 1,733 190,025 3,223 387 152,772
1927 4,605 3,029 1,438 1,592 191,616 3,252 -223 152,549
1928 4,682 2,256 1,528 728 192,344 3,280 -1,024 151,525
1929 4,657 1,679 2,690 0 191,333 3,292 -2,468 149,057
1930 4,657 1,912 1,912 0 191,333 3,292 -1,380 147,677
1931 4,657 2,470 2,394 76 191,409 3,292 -822 146,855
1932 4,657 3,337 3,193 143 191,552 3,293 37 146,892
1933 4,657 3,921 3,703 217 191,770 3,296 625 147,517
1934 4,623 4,045 5,152 0 190,663 3,300 -420 147,097
1935 4,646 2,960 2,742 217 190,880 3,305 -345 146,752

Graphs A.2.1 and A.2.2 compare the new series of gross investment and net stock
of broad and narrow gauge Spanish railways with Cucarella’s estimates. The large
difference in levels between the series may be explained by the upward biases that affect

Cucarella's figures and that have been described above.*®

%6 Both series of stock have been carried forward up to 1963 to show their convergence at a slightly higher
level than the direct estimate for 1965 in Mira Rodriguez and Llagunes Farras (1968), which is ca. 630,000
million of 1990 pesetas.
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Additional information has been collected on other categories of Spanish railways,
i.e., on the one hand, those companies that did not provide public service, which were
mainly associated with mining activities, and, on the other hand, urban underground
railways. Information available on non-public railways is of very bad quality. It is possible
to find mileage data for most years since 1874 in MAEOP and AFT, but the two sources
provide very different figures. This causes a drop in the series in 1922, the last year for
which railway data were published in MAEOP, which has been smoothed throughout the
previous and the following years.®” The gaps have been filled with interpolations, and the
resulting yearly mileage series has been transformed into a constructed mileage series by
using Fenoaltea’ s method for Italy (see above). A unit cost of 18.5 million of 1990 pesetas
per km has been applied to this series in order to get yearly figures of “new” investment.®®
This result has been added to the replacement expenses that result from the assumptions on
the useful lifetimes of the assets, to get a gross investment series. This has been subjected
to the perpetua inventory method.>® The final series are shown in Table A.2.3 and in
Graphs A.2.3and A.2.4.

TableA.2.3
Non-public railways (million pesetas of 1990)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment
1870 10 0 10 10 0 10 10
1871 20 0 30 0 20 30
1872 49 0 79 0 78
1873 78 0 156 1 76 155
1874 86 0 242 2 239
1875 75 1 75 317 3 72 311
1876 66 1 65 382 5 61 372
1877 24 1 23 405 5 19 391
1878 39 1 3 443 6 33 424
1879 52 1 51 494 6 46 470
1880 64 1 62 556 7 57 527
1881 47 2 601 8 39 566
1882 36 2 35 636 9 28 593
1883 50 2 685 9 41 635
1884 72 2 70 755 10 62 697
1885 74 2 72 826 11 63 760

" This procedure has been followed because it is not clear if the drop is associated with the incomplete
coverage of AFT or the out-to-date character of non-public railways datain MAEOP.

%8 This figure comes from Alzolay Minondo’s suggestions about the cheapest railways, after correcting for
the value of land; see Alzolay Minondo (1884-1885), 33, p. 228.

%9 The assumptions on the useful lifetimes of assets are 100 years in the case of grading (which has been
assumed to account for 57 per cent of “new” investment) and 50 years in the case of track (which accounts
for the remaining 43 per cent). According to Gémez Mendoza (1989a), p. 97, 50 years is the maximum useful
life for track.
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment

1886 119 2 117 943 12 107 867

1887 176 3 174 1,117 13 163 1,030
1888 201 3 198 1,315 16 185 1,215
1889 195 4 191 1,506 19 176 1,392
1890 264 4 260 1,766 2 243 1,634
1891 319 5 314 2,080 25 294 1,929
1892 376 6 370 2,451 30 346 2,275
1893 443 7 436 2,887 35 408 2,683
1894 522 8 514 3,401 1 481 3,164
1895 565 10 555 3,956 49 516 3,680
1896 562 1 551 4,507 57 506 4,186
1897 638 13 625 5,132 64 573 4,759
1898 829 15 814 5,946 73 756 5,514
1899 992 17 975 6,921 85 907 6,422
1900 1,224 20 1,205 8,126 9 1,126 7,547
1901 1,210 23 1,187 9,313 116 1,094 8,642
1902 606 27 579 9,892 133 473 9,114
1903 28 451 -422 9,470 141 -502 8,612
1904 61 433 -372 9,098 141 -448 8,163
1905 128 415 -287 8,811 142 -361 7,802
1906 230 399 -170 8,642 143 -242 7,560
1907 367 384 -17 8,625 146 -89 7,471
1908 454 30 424 9,049 151 303 7,774
1909 420 31 388 9,437 157 263 8,036
1910 353 32 321 9,758 163 191 8,227
1911 248 33 215 9,973 167 81 8,308
1912 164 A 130 10,103 170 -6 8,302
1913 161 A 126 10,229 172 -11 8,290
1914 152 35 118 10,347 174 -22 8,268
1915 139 35 104 10,451 176 -37 8,232
1916 120 35 85 10,536 177 -57 8,175
1917 106 36 71 10,607 178 -72 8,103
1918 107 36 71 10,678 179 -73 8,030
1919 102 36 66 10,743 180 -79 7,951
1920 95 40 %) 10,798 181 -87 7,865
1921 83 45 33 10,835 182 -100 7,765
1922 74 57 16 10,851 183 -109 7,656
1923 340 73 267 11,119 183 155 7,811
1924 615 75 540 11,658 187 427 8,238
1925 848 71 777 12,436 195 653 8,892
1926 1,084 584 500 12,936 206 510 9,402
1927 834 54 780 13,716 220 614 10,016
1928 67 62 4 13,720 231 -165 9,851
1929 74 63 6 13,726 231 -158 9,693
1930 77 73 4 13,730 231 -154 9,539
1931 65 65 0 13,730 231 -166 9,373
1932 61 61 0 13,730 231 -170 9,203
1933 67 67 0 13,730 231 -164 9,038
1934 76 76 0 13,730 231 -155 8,883
1935 77 77 0 13,730 231 -155 8,728
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Regarding the Madrid and Barcelona underground railways, a series of mileage in
operation has been transformed into a series of constructed mileage by assuming a 2-year
construction period.®® The available construction cost data for the Madrid underground has
been applied to that result to get “new” investment figures, which have been transformed
into a gross investment series as in the previous case.®* Stock and investment figures are
shown in Table A.2.4 and in Graphs A.2.5 and A.2.6.

TableA.24
Underground railways (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment

1917 964 0 964 964 0 964 964

1918 1,943 14 1,928 2,893 14 1,929 2,893
1919 1,470 2 1,449 4,341 25 1,445 4,338
1920 996 27 969 5,311 43 952 5,291
1921 1,132 32 1,100 6,411 53 1,079 6,370
1922 3,042 a7 2,995 9,405 64 2,978 9,348
1923 5,261 73 5,188 14,593 A 5,167 14,515
1924 4,963 97 4,866 19,459 146 4,817 19,332
1925 3,182 113 3,069 22,528 195 2,987 22,319
1926 1,130 118 1,012 23,541 225 905 23,224
1927 981 122 859 24,399 235 745 23,969
1928 1,848 131 1,717 26,116 244 1,604 25,573
1929 994 135 859 26,975 261 732 26,305
1930 1,200 140 1,060 28,035 270 931 27,236
1931 2,463 152 2,311 30,346 280 2,182 29,418
1932 1,694 159 1,535 31,881 303 1,391 30,809
1933 539 161 378 32,259 319 221 31,030
1934 650 164 487 32,746 323 328 31,358
1935 953 168 786 33,5632 327 626 31,984

60 Mileage in operation comes from RENFE (1958), p. 122, and Comin Comin et a (1998), Vol. 2, p. 307.
Information about the length of the construction period has been taken, among others, from RENFE (1958),
pp. 118-121, Wais San Martin (1987), Vol. 2, pp. 235-243, and Uriol Salcedo (1992), pp. 390-396. The new
length has been distributed between the opening date and the two previous years by applying the coefficients
0.25, 0.5 and 0.25.

61 Unit construction cost in Gémez Santos (1969), p. 40, amounts to ca. 1,154 million of 1990 pesetas per
km, which is similar to the unit cost used by Gil Carretero (1968), p. 465, to directly estimate the stock of
Spanish underground railways in 1965 (1,338 million of 1990 pesetas in the good quality lines). The useful
life of underground railway infrastructure has been assumed to be 100 years.
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2) Tramways

An annual series of mileage of tramways in operation has been estimated for the
years 1882-1936, distinguishing between types of power (horse, steam or electricity), by
using the information available in MAEOP and AFT.®2 It has been transformed into a series

of constructed mileage by applying Fenoaltea' s method for the Italian tramways.®®

In order to get unit cost figures, information published in MAEOP on “First
Establishment” accounts of tramway companies has been used as a proxy for construction
costs. Companies have been distributed according to the type of power, and figures of
“First Establishment” have been deflated according to the year of construction of the lines.
The resulting unit costs have been applied to the mileage series to obtain a yearly series of
“new” investment in tramways.®* Replacement investment has been assumed to be zero,
given the high mortality rate among the Spanish tramways during the period under study. ®®
The final net stock series can be seen in Table A.2.5 and in Graphs A.2.7 and A.2.8.°

%2 The aggregate series can be seen in Table A.2.5. For the years 1882-1891, there is no information available
on the type of power used in each tramway line, and it has been assumed that horse and steam-drawn
tramways grew at the same pace. For further periods, gaps in the series have been filled with information
provided by Ceballos Teresi (1932), Vol. 7, p. 381. Figuresin Table A.2.5 are in some cases lower than other
available data. Thisisrelated to some definition problems that led some lines to be classified both as narrow
gauge railways and as tramways in the avail abl e statistics, which have been made up for in this series.

3 Fenoaltea (1984), p. 68. He assumes a 6-month period of construction for tramways and applies the
coefficients 0.75 and 0.25 to the year of the opening of the line and the previous one respectively. This
assumption seems consistent with the available information about Spain.

64 After subtracting 50 per cent as representative for the rolling stock, according to information in Gil
Carretero (1968), p. 462, the resulting unit costs per km of infrastructure are 7.96, 8.94 and 55.66 million of
1990 pesetas for horse, steam and electric tramways. Although the figure for electric tramways is strikingly
higher than the other ones, this reflects the fact that they were usually urban and much better equipped than
the others, being very often endowed with double track. Some examples of the high cost of urban and electric
tramways in other countries can be seen in Clark (1894), p. 51, Dawson (1897), p. 600, and Fenoaltea (1984).
8 Useful life has been assumed to be 25 years for tramway infrastructure, which is in line with Feinstein
(1988), p. 330.

%8 Gil Carretero (1968), p. 465, estimated the replacement value of the Spanish tramway infrastructure in
1965 to be ca. 5,000 million of 1990 pesetas, which is much lower than my estimate for 1935. Although he
does not present physical indicators of infrastructure, he points out that tramways were disappearing from
Spain by that year, which is confirmed by the facts that only 7 Spanish cities kept their tramways, and 54 per
cent of their rolling stock was more than 20 years old by that date {bidem, p. 472). That gradual
disappearance, together with the shortcomings of the available information for 1965 and the inclusion in my
estimation of a number of suburban lines, which might actually have been classified as light railways and
were not covered by the 1965 survey, may explain the difference between the estimates for 1935 and 1965.
However, more information on investment and the evolution of the network after 1935 would be necessary to
improve the quality of the series and to know the importance of the possible upward and downward biases
before 1936 and in 1965 respectively.
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TableA.25
Tramways (million of 1990 pesetas)
Network  Grosslnv. Retirements New Inv. Gross Stock Depreciat. Net Net

length (km) Investment  Stock
1881 126 0 126 126 0 126 126
1882 60 389 0 389 515 5 384 510
1883 65 124 0 124 639 16 109 619
1884 107 266 0 266 905 5 261 880
1885 73 12 289 12 628 1 -280 600
1886 48 0 48 675 0 47 647
1887 84 57 0 57 733 2 55 702
1888 A 9% 0 9% 827 2 2 795
1889 111 137 0 137 965 4 134 928
1890 125 263 0 263 1,228 5 258 1,186
1891 822 0 822 2,050 11 812 1,998
1892 356 945 0 945 2,995 3 912 2,910
1893 110 0 110 3,105 3 72 2,982
1894 376 191 0 191 3,296 4 187 3,168
1895 756 2 756 4,049 8 746 3,914
1896 416 1,146 3 1,146 5,192 30 1,113 5,027
1897 1,590 238 1,590 6,544 46 1,313 6,340
1898 422 879 110 879 7,312 64 709 7,049
1899 1,026 110 1,026 8,229 35 885 7,934
1900 435 2,976 107 2,976 11,098 41 2,833 10,766
1901 6,979 230 6,979 17,847 119 6,637 17,403
1902 656 2,647 0 2,647 20,495 279 2,368 19,771
1903 1,427 0 1,427 21,922 106 1,322 21,093
1904 950 0 950 22,872 57 893 21,985
1905 1,901 271 1,901 24,502 3 1,603 23,588
1906 1,199 188 1,199 25,513 76 942 24,530
1907 726 2,205 255 2,205 27,463 48 1,912 26,442
1908 3,226 138 3,226 30,552 83 3,005 29,447
1909 798 290 0 290 30,841 129 161 29,608
1910 959 50 959 31,750 12 899 30,507
1911 819 841 16 841 32,575 38 787 31,294
1912 1,720 167 1,720 34,128 A 1,526 32,820
1913 183 3 183 34,308 69 111 32,932
1914 512 45 512 34,775 7 462 33,393
1915 1,244 14 1,244 36,005 20 1,210 34,603
1916 892 3,664 322 3,664 39,348 50 3,305 37,909
1917 1,233 35 1,233 40,545 147 1,052 38,961
1918 539 13 539 41,071 49 477 39,438
1919 380 12 380 41,438 2 346 39,784
1920 705 0 705 42,143 15 690 40,474
1921 2,877 68 2,877 44,952 28 2,784 43,258
1922 1,031 3,407 74 3,407 48,286 115 3,221 46,479
1923 1,049 3,356 540 3,356 51,103 136 2,701 49,180
1924 1,048 2,066 64 2,066 53,105 134 1,870 51,050
1925 1,213 6,198 74 6,198 59,229 83 6,044 57,094
1926 1,213 451 0 451 59,680 248 203 57,297
1927 1,719 25 1,719 61,375 18 1,678 58,975
1928 1,267 1,099 18 1,099 62,456 69 1,013 59,988
1929 1,242 117 839 117 61,734 44 -733 59,255
1930 1,251 560 0 560 62,294 5 555 59,810
1931 841 179 841 62,955 2 646 60,457
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Network  Grosslnv. Retirements Gross Gross Stock Depreciat. Net Net
length (km) Inv. Investment  Stock
1932 1,243 672 155 672 63,472 4 489 60,946
1933 1,246 1,186 0 1,186 64,658 27 1,159 62,105
1934 1,279 3,246 402 3,246 67,502 47 2,812 64,917
1935 0 0 0 67,502 130 -130 64,787
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3) Sate roads

The estimate of the net stock of State roads is based on two different sources of
information: i) the inventory of the State road network that was carried out at the end of
1961%" and ii) the flow of State expenses in “construction’, “maintenance”, “repair”,
“studies” and “modernisation” of roads since 1859.°% Actualy, those investment flows
have been the basis for the IVIE’'s estimation of the net stock of State roads during the
period 1900-1990 using the perpetua inventory method. Here | present an aternative
estimate for the period 1844-1935, which is quite similar to the IVIE series, but
incorporates some additional information on the process of construction of the State road
network.

| have aggregated the four State road investment series into a yearly series of gross
capital formation. For the period before 1860, “new” investment has been estimated by
applying a unit cost of 10.7 million of 1990 pesetas per km to a series of constructed
mileage, and has been increased by a series of hypothetical replacement expenses.®® The
resulting gross investment series for 1845-1935 has been subjected to the perpetua

inventory method in order to get net stock figures.”®

The net stock series has been adjusted in order to account for the abandonment by
the State on 7" April 1870 of 2,599 km of roads that ran paralle to railway lines. Among
them, 1,770 km were taken over by Provincial Diputaciones and a small percentage by
Loca Councils. The rest remained neglected and became serioudly dilapidated. Most of
those roads returned to the State between 1880 and the first years of the twentieth century.

67 A summary of the inventory can be seen in De Casso Ortiz de Villajos (1968).

%8 Availablein Uriol Salcedo (1968a), pp. 421-424, who relies on official publications.

9 This unit cost figure comes from Uriol Salcedo (1992), p. 67, after deducting 10 per cent as a
representative share for land, which is the percentage used in Feinstein (1988). The constructed mileage
series has been estimated from data on the length of the network in 1833, 1855 and 1859, in Uriol Salcedo
(1992), pp. 15-16, 25 and 67. Gaps between those figures have been filled in, for 1853-1859, according to the
annual State investment in roadsthat is available in the IVIE database; for 1847-1853, according to the State
investment in ports, from Cercos Pérez (1968), p. 594, and for 1845-1846, through linear interpolation.
Replacement in 1844-1859 has been assumed to coincide with retirements.

70 A useful lifetime of 80 years has been assumed, which is the figure applied to the least utilised roads by
Feinstein (1988), p. 319, and Groote (1996), p. 116. Investment has been distributed into grading (66 per
cent) and structures (33 per cent). According to the information in De Casso Ortiz de Villajos (1968), these
percentages seem to be appropriate for roads without special surface treatment, as was the case with most of
the Spanish network during the period under study. In the case of grading, depreciation has been assumed to
be made up of deterioration (66 per cent) and obsolescence (33 per cent), and retirement has been assumed to
be a continuous process that coincided with depreciation for deterioration. To estimate the net stock in 1844,
avalue of 25 per cent of the construction cost has been assumed for those roads that were open before 1802
and a value of 75 per cent for those constructed in 1802-1844. Information on the network length in 1802
comes from Uriol Salcedo (1992), p. 67.

92



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

The share which that mileage accounted for has been taken out of the State road stock in
1870 and has been gradually re-included according to the process of its recovery by the
State.”™ For the period in which part of those roads were under the control of the

Diputaciones, they have been added to the total stock of provincial roads (see below). "

The resulting series has been brought forward to 1961, in order to check its
consistency with the inventory of the network at that year. The result is a net stock value of
929,495 million of 1990 pesetas, which is around 20 per cent lower than the direct estimate
for that year.”® Graph A.2.9 compares the evolution of the two available series of State
road net capital stock up to 1961, Graph A.2.10 shows the evolution of State road
investment and Table A.2.6 offers the new estimate and a new series of State road network

mileage, which is the result of the critical analysis of the available statistical information. "

TableA.2.6
State roads (million of 1990 pesetas)
Network Gross Retirem. New Gross  Depreciat. Net Net
length (km) Investment Investment  Stock Investment  Stock
1844 56,910 31,119
1845 1,563 711 851 57,761 711 851 31,970
1846 1,573 716 857 58,619 722 851 32,821

"X The net value of abandoned roads has been estimated according to the ratio between net and gross stock in
1869. The procedure described in the text may have introduced a small, decreasing and transient downward
bias in the stock data, because some of the abandoned stretches might have remained in use and, therefore,
should still be included in the total stock, in spite of their poor condition. On this subject, see Alzola y
Minondo (1979), pp. 417-418, or Pascual Domeénech (1991), pp. 267-268.

2 Apart from the recovery of the roads abandoned in 1870, transfers of roads from the Diputaciones to the
State were constant during the whole period under study; see, for instance, Vidal Olivares (1992), pp. 85-86.
However, the lack of precise information on the process has precluded considering it in the estimation of the
stock. Failure to capture those transfers introduces a downward bias in the State road stock figures estimated
using the perpetual inventory method, which was already pointed out by Gonzéalez Paz and De Cossio Cosio
(1968), p. 356, and which is possibly small compared with the upward biases introduced by the bad
conservation of roads or by corruption in the construction process. On the other hand, in 1934 the mileage of
the provincial road network suffered a decrease of 2,629 km, which was associated with the taking over of
Catalan roads by the new regional autonomous government (see references to that process in Garcia Ortega
(1982), pp. 277-278). In that year, in order to avoid a decrease in the total road stock, the State stock figures
have been increased by the value of those roads.

3 See the direct estimate for 1961 in De Casso Ortiz de Villajos (1968), pp. 374-375. The difference between
my estimate and the direct measurement of the stock in the early 1960's may be related to a number of
problems that are difficult to overcome, such as the incomplete character of the State investment figures, the
aforementioned failure to reflect the transfers of roads from the provincial Diputaciones to the State, or the
shortcomings of the available deflators. Obviously, a possible solution would be to assume a longer useful
life for the State roads. However, this procedure does not seem convenient since 80 years is among the
highest usual figures for roads, and the assumption of a longer life should in fact be accompanied by the
consideration of some of the conservation and repair expenses as just maintenance, and not as capital
formation, asisindicated in Feinstein (1988), p. 314.

* Mileage data comes from MAEOP until 1924 and from AEE for 1933-1935. Figures in the AEE for 1925-
1932 do not seem to be up to date, and, therefore, have not been included in the table.
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Network Gross Retirem. New Gross  Depreciat. Net Net
length (km) Investment Investment  Stock Investment  Stock
1847 1,856 721 1,135 59,753 733 1,123 33,944
1848 2,563 727 1,836 61,589 747 1,816 35,760
1849 3,493 737 2,756 64,345 770 2,723 38,484
1850 4,153 753 3,400 67,745 804 3,348 41,832
1851 5,044 772 4,273 72,018 847 4,197 46,029
1852 5,903 795 5,108 77,125 900 5,003 51,032
1853 5,155 824 4,331 81,457 964 4,191 55,223
1854 4,513 848 3,665 85,122 1,018 3,495 58,718
1855 8,324 5,571 868 4,703 89,825 1,064 4,507 63,225
1856 4,668 894 3,774 93,599 1,123 3,545 66,771
1857 5,097 915 4,182 97,781 1,170 3,927 70,698
1858 5,850 938 4,911 102,692 1,222 4,627 75,325
1859 9,962 6,649 966 5,683 108,376 1,284 5,366 80,691
1860 10,480 6,033 997 5,036 113,411 1,355 4,678 85,369
1861 10,516 9,694 1,025 8,669 122,080 1,418 8,276 93,645
1862 11,244 9,603 1,073 8,530 130,610 1,526 8,077 101,722
1863 12,884 9,513 1,121 8,393 139,002 1,633 7,881 109,603
1864 12,958 9,784 1,167 8,616 147,619 1,738 8,046 117,649
1865 13,313 8,055 1,215 6,840 154,459 1,845 6,210 123,860
1866 16,211 5,999 1,253 4,745 159,204 1,931 4,068 127,928
1867 16,648 5,832 1,280 4,552 163,756 1,990 3,842 131,769
1868 17,010 6,277 1,305 4,972 168,728 2,047 4,230 135,999
1869 17,622 5,351 1,333 4,018 172,746 2,109 3,241 139,241
1870 15,921 2,403 1,355 1,048 173,794 2,159 -14,477 124,764
1871 16,178 4,791 19,623 -14,832 158,962 2,172 2,618 127,382
1872 15,895 4,652 1,278 3,373 162,335 1,987 2,665 130,047
1873 16,359 4,893 1,297 3,596 165,931 2,029 2,864 132911
1874 16,567 3,774 1,317 2,457 168,387 2,074 1,700 134,610
1875 16,763 4,608 1,331 3,277 171,665 2,105 2,503 137,113
1876 17,175 6,258 1,349 4,909 176,574 2,146 4,112 141,226
1877 17,605 6,939 1,376 5,563 182,137 2,207 4,732 145,958
1878 17,892 5,487 1,407 4,080 186,217 2,277 3,210 149,168
1879 18,370 5,670 1,430 4,240 190,457 2,328 3,342 152,510
1880 19,307 7,941 1,453 6,488 196,945 2,381 5,852 158,362
1881 19,774 8,371 1,125 7,246 204,191 2,462 5909 164,271
1882 21,157 14,302 1,530 12,773 216,964 2,552 14,132 178,404
1883 22,029 9,406 -1,361 10,767 227,731 2,712 7,648 186,052
1884 23,066 10,884 500 10,384 238,115 2,847 9,761 195,813
1885 23,727 9,539 -391 9,930 248,045 2,976 6,563 202,376
1886 24,481 11,398 1,773 9,625 257,670 3,101 8,298 210,673
1887 25,321 12,746 1,827 10,920 268,590 3,221 9,525 220,199
1888 26,628 12,282 1,887 10,394 278,984 3,357 8,924 229,123
1889 26,686 11,727 1,945 9,782 288,766 3,487 8,240 237,363
1890 27,524 10,233 1,999 8,233 296,999 3,610 6,728 244,091
1891 28,444 9,616 1,917 7,699 304,698 3,712 5,904 249,995
1892 29,223 10,769 2,088 8,681 313,379 3,809 6,960 256,955
1893 29,821 11,031 2,136 8,895 322,275 3,917 7,114 264,070
1894 30,774 9,951 2,186 7,765 330,040 4,028 5,922 269,992
1895 31,412 11,915 2,229 9,686 339,726 4,125 7,789 277,781
1896 32,313 12,232 2,283 9,949 349,675 4,247 7,985 285,767
1897 33,345 12,878 2,338 10,541 360,216 4,371 8,507 294,274
1898 34,307 11,234 2,396 8,837 369,053 4,503 6,731 301,005
1899 34,813 10,957 2,446 8,512 377,565 4,613 6,529 307,534
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Network Gross Retirem. New Gross  Depreciat. Net Net
length (km) Investment Investment  Stock Investment  Stock
1900 36,014 9,237 2,266 6,971 384,536 4,720 4,701 312,235
1901 36,614 8,135 2,306 5,829 390,365 4,807 3,461 315,696
1902 37,372 9,581 2,401 7,180 397,545 4,880 4,832 320,529
1903 38,048 9,871 2,442 7,429 404,974 4,969 4,901 325430
1904 38,998 7,622 2,645 4,977 409,951 5,062 2,982 328412
1905 39,812 9,779 2,147 7,632 417,583 5,124 4,654 333,066
1906 40,438 8,722 2,715 6,007 423,590 5,220 3,502 336,569
1907 41,396 8,747 2,748 5,998 429,588 5,295 3,452 340,021
1908 42,024 10,676 2,782 7,894 437,482 5,370 5,306 345,326
1909 42,742 12,127 2,826 9,302 446,783 5,469 6,659 351,985
1910 43,554 13,290 2,877 10,413 457,197 5,585 7,706 359,691
1911 44,501 13,005 2,935 10,070 467,266 5,715 7,290 366,981
1912 45,259 13,573 2,991 10,582 477,849 5,841 7,733 374,713
1913 46,316 14,325 3,050 11,275 489,124 5,973 8,352 383,065
1914 47,262 13,712 3,113 10,599 499,723 6,114 7,598 390,663
1915 48,448 15,139 3,171 11,967 511,690 6,247 8,892 399,555
1916 50,020 15,583 3,238 12,345 524,035 6,396 9,187 408,742
1917 50,754 14,437 3,307 11,130 535,166 6,550 7,887 416,629
1918 51,914 10,865 3,368 7,497 542,663 6,690 4,176 420,804
1919 52,455 10,146 3,410 6,736 549,399 6,783 3,363 424,168
1920 53,012 9,917 3,447 6,469 555,868 6,867 3,049 427,217
1921 53,651 16,343 3,483 12,859 568,728 6,948 9,394 436,611
1922 54,250 14,844 3,555 11,289 580,016 7,109 7,734 444,346
1923 55,007 15,714 3,618 12,097 592,113 7,250 8,464 452810
1924 57,171 14,427 3,685 10,742 602,855 7,401 7,025 459,835
1925 20,453 5,545 14,908 617,764 7,536 12,917 472,752
1926 36,542 5,672 30,870 648,633 7,722 28,820 501,572
1927 28,267 6,024 22,243 670,876 8,108 20,159 521,731
1928 31,733 6,445 25,288 696,163 8,386 23,347 545,078
1929 31,713 6,966 24,747 720,910 8,702 23,011 568,088
1930 31,598 7,392 24,206 745,117 9,011 22,587 590,675
1931 28,331 7,891 20,441 765,557 9,314 19,017 609,692
1932 14,712 8,347 6,365 771,922 9,569 5,142 614,835
1933 68,452 17,948 8,151 9,797 781,719 9,649 8,299 623,134
1934 69,835 17,153 8,019 9,134 790,853 9,771 21,352 644,486
1935 70,522 17,133 -9,079 26,212 817,065 9,886 7,248 651,734
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4) Provincial and local roads

In the case of the roads owned by provincia and local ingtitutions, the lack of
investment figures (with the exception of local roads during the years 1911-1924) makes it
necessary to resort to physical indicators of the evolution of the stock. Unfortunately,
information on provincia and local road mileage is scarce, and the figures that are

suggested here are only a proxy for the actual ones.

Regarding provincial roads, mileage information is available on a non-continuous
basisin MAEOP and AEE since 1855.” A yearly mileage series has been obtained by
interpolation, to which a unit cost figure of 6.7 million of 1990 pesetas, coming from
contemporaneous construction cost estimates, has been applied.”® The resulting “new”
investment series has been supplemented with a hypothetical replacement series in order to
get gross investment estimates, to which the perpetual inventory method has been
applied.”” The net and gross stock series have been increased by the value of the roads that
were abandoned by the State and taken over by the provincial Diputaciones in 1870 for the

period during which the roads remained under their control (see above).

Loca road mileage data is of very bad quality, especialy for the earlier periods,
and has been corrected to avoid inconsistencies.”® Gaps have been filled by interpolation.
Mileage figures have been multiplied by a unit cost figure coming from the information
about State investment in local roads from 1911 (2.1 million of 1990 pesetas per km).”® An

estimate of replacement investment has been added to the resulting “new” investment

> Figures from the AEE between 1925 and 1930, which are reproduced in Ceballos Teresi (1932) and Gémez
Mendoza (1989b), are not up to date and have not been considered here. For 1844-1862, the provincial
networks have been assumed to grow at the same pace as the State network. As has been indicated above,
provincial mileage data reflect a process of road transfers to the State (especially since 1880) and to the
Catalan autonomous government (in 1932).

® Estimates have been taken from the bids for road construction at the expense of the Provincial
Diputacionesin 1896-1899, in the Revista de Obras Publicas This publication suggested very similar values
in 1855, which is an indication of the stability of provincial road construction costs during the period under
study; see Revista de ObrasPublicas, 3, 3, 1855, pp. 25-30. Uriol Salcedo (1968b), p. 429, assumes slightly
higher unit values for the provincial and local road networks in 1965, when their surfaces had already started
to beimproved.

" The assumptions on useful lifetimes, depreciation and replacement are the same as in the State roads (see
above).

8 The main problem of early data on local roads is associated with the heterogeneous criteria with which
they were collected in the different Spanish provinces; on this problem see, for instance, MAEOP, 1893-
1894, p. 5.

9 Data on State investment in local roads in Gémez Mendoza (1991), p. 192. The total amount invested in
1911-1924 has been divided by the number of km that were built during the period, and a 10 per cent has
been subtracted to account for the value of land. The Revista de Obras Publicas 46, 1264, 1899, p. 479,
offersavery similar figure to the unit cost suggested here.
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series in order to get gross investment figures, which have been the basis for the net stock

series. B

Provincia and local road mileage together with stock data are shown in Tables
A.27 and A.28, and the net stock and gross investment infrastructure series are
represented in Graphs A.2.11 and A.2.12.

TableA.2.7
Provincial roads (million of 1990 pesetas)
Network Gross Retirem. New Gross  Depreciat. Net Net Stock
length (km) Investment Investment  Stock Investment

1844 4,796 2,817
1845 141 64 77 4,873 64 7 2,894
1846 142 65 77 4,950 65 7 2,971
1847 167 65 102 5,052 66 101 3,071
1848 230 66 164 5,217 68 163 3,234
1849 313 67 247 5,463 70 244 3477
1850 371 63 303 5,766 73 299 3,776
1851 450 70 380 6,146 77 373 4,149
1852 525 72 453 6,599 81 444 4,593
1853 454 74 380 6,979 87 367 4,960
1854 393 7 317 7,296 92 302 5,262
1855 1,209 487 78 409 7,705 % 391 5,653
1856 552 81 472 8,176 101 452 6,105
1857 583 83 499 8,676 107 476 6,581
1858 615 86 529 9,205 113 502 7,082
1859 648 89 560 9,764 119 529 7,611
1860 684 92 592 10,356 126 558 8,169
1861 722 9%5 627 10,983 134 588 8,758
1862 1,613 762 9 664 11,647 142 621 9,378
1863 1,291 102 1,189 12,836 150 1,141 10,519
1864 1,415 109 1,306 14,142 165 1,250 11,770
1865 1,552 116 1,436 15,578 181 1,371 13,141
1866 2,353 1,702 124 1,578 17,156 199 1,503 14,644
1867 890 133 757 17,912 219 671 15,314
1868 927 137 789 18,701 228 698 16,013
1869 2,671 965 142 823 19,525 238 727 16,739
1870 146 -13,240 13,386 32,911 249 11,169 27,908
1871 348 221 128 33,038 416 -68 27,841
1872 2,722 1,714 221 1,492 34,531 417 1,296 29,137
1873 1,988 -2,439 4,428 38,958 436 3,781 32,918
1874 1,311 254 1,057 40,015 491 820 33,738
1875 1,120 260 860 40,875 505 615 34,353
1876 1,095 265 830 41,704 515 579 34,932
1877 1,902 269 1,633 43,337 526 1,376 36,308
1878 1,840 279 1,562 44,899 546 1,294 37,603
1879 1,858 287 1,571 46,470 566 1,293 38,895
1880 296 1,177 -881 45,589 585 -1,021 37,874
1881 4,415 426 291 135 45,725 574 -148 37,726

8 Asin the case of provincial roads, the growth of the local road network in 1844-1866 has been assumed to
coincide with the evolution of State roads. Assumptions about useful life and replacement investment are the
same asin provincial and State roads.
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Network Gross Retirem. New Gross  Depreciat. Net Net Stock
length (km) Investment Investment  Stock Investment
1882 4,694 292 4,621 -4,330 41,395 576 -3,829 33,897
1883 4,893 268 2,133 -1,865 39,530 522 -1,768 32,129
1884 5,034 193 3,169 -2,976 36,554 499 -2,703 29,426
1885 5,500 2,202 176 2,026 38,580 461 1,741 31,167
1886 5,900 2,519 188 2,332 40,911 487 2,033 33,200
1887 6,016 779 201 578 41,490 516 263 33,463
1888 6,016 282 204 78 41,568 523 -241 33,222
1889 6,016 204 204 0 41,568 524 -320 32,902
1890 6,016 204 368 -164 41,404 524 -449 32,453
1891 1,319 203 1,115 42,519 522 797 33,250
1892 6,508 1,491 210 1,281 43,800 536 955 34,205
1893 614 217 397 44,197 552 62 34,267
1894 6,627 488 219 269 44,467 557 -69 34,198
1895 482 220 261 44,728 560 -79 34,119
1896 6,750 814 222 592 45,320 564 250 34,369
1897 408 225 183 45,503 571 -163 34,207
1898 6,805 410 226 184 45,687 573 -163 34,044
1899 227 454 -227 45,460 576 -516 33,5627
1900 6,737 226 452 -226 45,234 573 -512 33,015
1901 225 388 -163 45,071 570 -463 32,552
1902 6,688 224 386 -162 44,909 568 -460 32,092
1903 625 223 402 45,311 566 59 32,151
1904 225 950 -725 44,586 571 -856 31,295
1905 2,386 221 2,165 46,751 562 1,824 33,119
1906 2,388 222 2,166 48,917 564 1,824 34,943
1907 6,821 2,390 223 2,167 51,084 566 1,824 36,767
1908 2,814 224 2,590 53,674 568 2,246 39,013
1909 8,539 3,150 254 2,896 56,569 636 2,512 41,525
1910 600 288 313 56,882 712 -111 41,414
1911 8,633 604 289 315 57,196 715 -112 41,303
1912 488 291 197 57,393 719 -232 41,071
1913 490 292 197 57,590 722 -232 40,839
1914 491 293 198 57,788 724 -233 40,606
1915 493 294 199 57,987 727 -234 40,372
1916 8,781 495 296 199 58,187 729 -234 40,138
1917 950 297 653 58,840 732 218 40,356
1918 9,133 1,991 300 1,690 60,530 740 1,251 41,607
1919 839 310 529 61,059 761 7 41,684
1920 846 313 533 61,593 768 78 41,763
1921 854 316 538 62,131 774 79 41,842
1922 861 319 543 62,674 781 80 41,922
1923 869 322 548 63,221 788 81 42,004
1924 9,619 877 325 552 63,773 795 82 42,086
1925 2,618 370 2,248 66,021 802 1,817 43,902
1926 2,709 383 2,327 68,348 830 1,880 45,782
1927 2,818 410 2,408 70,756 859 1,959 47,741
1928 2,950 458 2,492 73,248 889 2,061 49,802
1929 3,097 517 2,580 75,828 920 2,177 51,979
1930 3,233 563 2,670 78,498 952 2,281 54,260
1931 12,243 3,384 621 2,764 81,262 986 2,399 56,659
1932 12,262 806 677 129 81,391 1,020 -214 56,445
1933 13,176 6,730 636 6,093 87,485 1,022 5,708 62,153
1934 10,547 635 18,162 -17,527 69,958 1,098 -12,864 49,289
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Network Gross Retirem. New Gross Depreciat. Net Net Stock
length (km) Investment Investment  Stock Investment

1935 10,642 1,222 589 633 70,591 879 343 49,632
TableA.2.8
Local roads (million of 1990 pesetas)

Network Gross Retirem. New Gross  Depreciat. Net Net

length (km) Investment Investment  Stock Investment  Stock

1844 1,253 685
1845 A 16 19 1,272 16 19 704
1846 35 16 19 1,290 16 19 723
1847 41 16 25 1,315 16 24 747
1848 56 16 40 1,355 16 40 787
1849 76 16 60 1,415 17 59 846
1850 0 17 74 1,489 18 73 918
1851 109 17 92 1,581 19 91 1,009
1852 128 17 110 1,692 20 108 1,117
1853 110 18 92 1,784 21 89 1,206
1854 96 19 7 1,861 2 73 1,280
1855 118 19 9 1,960 23 9%5 1,375
1856 93 20 78 2,039 25 73 1,448
1857 107 20 87 2,125 25 81 1,530
1858 123 21 102 2,228 27 % 1,626
1859 140 21 119 2,346 28 112 1,738
1860 9 2 77 2,423 29 70 1,807
1861 102 2 80 2,503 30 72 1,879
1862 105 23 82 2,586 31 74 1,953
1863 108 23 85 2,671 32 76 2,029
1864 111 24 88 2,759 3 78 2,107
1865 115 24 91 2,850 A 80 2,187
1866 1,427 124 25 9 2,949 36 88 2,275
1867 115 25 0 3,039 37 78 2,354
1868 118 26 93 3,132 3 80 2,434
1869 122 26 % 3,227 39 83 2,517
1870 125 27 9 3,326 40 85 2,601
1871 129 27 102 3,428 42 87 2,689
1872 1,709 132 28 105 3,532 43 0 2,778
1873 159 28 131 3,663 14 115 2,893
1874 165 29 136 3,799 46 119 3,012
1875 171 30 141 3,939 47 123 3,135
1876 177 31 146 4,085 49 127 3,262
1877 183 31 151 4,237 51 132 3,394
1878 189 32 157 4,394 53 136 3,530
1879 196 3 163 4,556 55 141 3,671
1880 203 A 169 4,725 57 146 3,817
1881 2,371 210 35 175 4,900 59 151 3,968
1882 2,424 145 36 109 5,009 61 84 4,051
1883 2,422 37 37 0 5,009 63 -26 4,025
1884 2,464 104 21 83 5,092 63 1 4,066
1885 2,595 292 21 270 5,362 64 228 4,294
1886 2,885 624 23 601 5,963 67 557 4,851
1887 2,934 127 26 100 6,063 75 52 4,903
1888 2,934 27 27 0 6,063 76 -49 4,854
1889 2,934 27 27 0 6,063 76 -49 4,805
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Network Gross Retirem. New Gross  Depreciat. Net Net

length (km) Investment Investment  Stock Investment  Stock
1890 2,934 27 27 0 6,063 76 -49 4,756
1891 202 27 175 6,238 76 126 4,882
1892 3,106 208 28 180 6,419 78 130 5,012
1893 331 29 302 6,721 80 251 5,263
1894 3,406 348 30 317 7,038 84 264 5,526
1895 238 32 206 7,244 83 150 5,676
1896 3,607 245 3 212 7,455 91 154 5,830
1897 48 A 14 7,469 93 -45 5,785
1898 3,528 48 35 14 7,483 93 -45 5,741
1899 49 35 14 7,497 A -45 5,696
1900 3,634 49 35 14 7,511 A -45 5,650
1901 177 35 142 7,653 A 83 5,733
1902 3,773 180 36 145 7,798 % 85 5,818
1903 343 36 307 8,105 97 246 6,064
1904 357 33 319 8,424 101 256 6,319
1905 371 40 331 8,755 105 266 6,585
1906 386 42 344 9,099 109 277 6,862
1907 6,821 402 44 358 9,457 114 288 7,150
1908 368 46 322 9,780 118 250 7,400
1909 8,539 381 a7 333 10,113 122 258 7,658
1910 394 19 345 10,458 126 268 7,926
1911 8,633 408 51 356 10,814 131 277 8,202
1912 422 53 369 11,183 135 287 8,489
1913 436 55 381 11,564 140 297 8,785
1914 451 57 394 11,958 145 307 9,092
1915 467 59 408 12,366 149 318 9,410
1916 6,187 483 62 421 12,787 155 329 9,739
1917 1,817 64 1,753 14,540 160 1,657 11,395
1918 7,417 863 74 790 15,329 182 682 12,077
1919 1,101 78 1,023 16,352 192 909 12,986
1920 1,175 84 1,001 17,443 204 970 13,957
1921 1,254 0 1,164 18,607 218 1,036 14,993
1922 1,338 % 1,241 19,848 233 1,105 16,098
1923 1,428 103 1,324 21,173 248 1,179 17,277
1924 10,928 1,523 111 1,413 22,585 265 1,259 18,536
1925 2,246 129 2,117 24,703 282 1,964 20,500
1926 2,456 141 2,316 27,018 309 2,148 22,648
1927 2,690 157 2,533 29,551 338 2,352 25,000
1928 2,950 179 2,770 32,322 369 2,580 27,580
1929 3,236 206 3,030 35,352 404 2,832 30,412
1930 3,544 230 3,314 38,666 442 3,103 33,514
1931 20,463 3,884 259 3,625 42,290 483 3,401 36,915
1932 22,522 4,544 289 4,255 46,545 529 4,016 40,931
1933 24,490 4,370 303 4,067 50,613 582 3,788 44,719
1934 26,214 3,880 317 3,563 54,176 633 3,247 47,966
1935 28,012 4,065 349 3,716 57,891 677 3,388 51,354
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Graph A.2.11
Provincial and local roads: net infrastructure stock
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5) Ports

The estimates of the net stock of port infrastructure are based, as in the case of the
State roads, on a series of yearly investment in the Spanish ports since 1845 and on a direct
estimate of the stock value in 1965.8* Again in this case, the information available on
investment flows has aso been the basis for the IVIE’s estimation of the evolution of the
State’s net capital stock of ports throughout the period 1900-1990. Here an aternative
estimate of total (not only State's) port infrastructure is presented that covers the period
1844-1935 and incorporates additional information on the process of construction of
Spanish ports.

Data on investment in ports is available for the years 1845-1908 (new construction)
and 1940-1965 (construction and replacement).®? New construction expenses in ports and
lighthouses between 1845 and 1908 have been considered as “new” investment and have
been deflated and accumulated through time in order to get a gross stock figure for 1908.%3
The reliability of the 1908 gross stock estimate has been confirmed by comparing it with

81 That information comes from Cercos Pérez (1968).

82 | nvestment figures have been taken from Cercos Pérez (1968), who reproduces, for the period 1845-1908,
the information available in MAEOP on port construction expenses. Alternative series are available in Artola
(19784), p. 16, for 1845-1872, and in Alemany Llovera (1991), p. 233, for 1851-1904, which are also based
on MAEORP. All three series show similar fluctuations, although Artola and Alemany’s data are higher than
Cercos' figures because they include certain share of conservation expenses. There is some uncertainty on the
homogeneity of the MAEOP figures of port investment, because sometimes the source is not completely clear
on their coverage and it is difficult to say if they include all capital formation that was undertaken or only the
State's contribution. The exclusion of some investment flows, however, cannot have been very important,
because the level of investment figures is consistent with the physical development of the stock (see below).
Nevertheless, there may be some transient biases of unknown direction and magnitude in the final stock
estimates; on this subject see Gbmez Mendoza (1991), pp. 199-200, and Alemany Llovera (1991), pp. 103
and 233.

8 «“New” investment figures have been added to the gross value of the stock in 1844, for which two
aternative estimates have been produced. The first one, of ca. 23,700 million of 1990 pesetas, assumes that
port infrastructure grew at the same pace as roads up to that year. The second one values the total length of
walls of the Spanish ports in the 1860’s at a unit cost of 900,000 pesetas of 1990 per m and subtracts the
accumulated “new” investment of 1845-1860's from the result, obtaining a figure of 33,800 million of 1990
pesetas for the stock in 1844. According to information in Cunningham (1914), pp. 6-53, on port construction
costs, 900,000 pesetas of 1990 per m would be a relatively low amount, but it makes sense in this case
because data on the total length of port walls in the mid-nineteenth century, coming from the MAEOP,
included the smallest ports and some canalisation works, both of them much cheaper than the main ports. Out
of the two alternative estimates for 1844, the lowest one has been preferred, because the oldest infrastructure
seems to have been cheaper and of poorer quality than the new one. On the poor quality of the old Spanish
port infrastructure, see, among others, Guimerd Ravina (1996), p. 129, Alvargonzalez Rodriguez (1996), pp.
167-168 or Romero Mufioz and Séenz Sanz (1996), p. 197. In the case of lighthouses, new investment data
are only available from 1855. The value of the stock in 1855 has been estimated by applying a unit cost of
40.2 million of 1990 pesetas to the number of lighthouses that were in operation that year, which is available
in MAEOP. That figure results from dividing the amount invested in lighthouses up to 1908 by the number of
lighthouses built during the years 1855-1908. Investment in lighthouses in 1845-1855 has been assumed to
follow the same pace as port investment.
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the physical description of a sample of the Spanish ports at that date, which is available in
MAEOP 34

There are no investment figures available for the period 1908-1935. In order to
obtain estimates for investment flows and the value of the stock in those years, the unit
cost figures resulting from the 1908 census have been applied to the next available port
census, which was carried out in 1925.%8° The difference between the gross value of the
stock in 1908 and 1925 has been considered as the accumulated “new” investment that was
undertaken between those two years. In order to distribute this “new” investment through
time, it has been assumed to follow the same evolution as the total expenses of the

autonomous port management institutions (Juntas). %

For the years 1926-1935, the direct estimate of the Spanish port stock that was
carried out in 1965 has been compared with the estimate for 1925. The difference between
the port gross stock in 1925 and 1965 has been assumed to be the accumulated “new”
investment between those dates. The yearly evolution of “new” investment has been
estimated according to the amounts devoted to port investment in the State budget.®’

“New” investment in ports has been increased by a hypothetical series of
replacement expenses in order to obtain a yearly estimate of gross investment, which has
been used in the estimation of the net stock of Spanish port infrastructure.®® The resulting

84 The sample covered by that description accounted for 68 per cent of the total length of walls of Spanish
portsin 1908. The reliability of the gross stock estimate for 1908 coming from the investment series has been
contrasted by dividing it by the total physical development of Spanish ports that is shown in that description.
The ports excluded from the sample have been assumed to be 50 per cent cheaper than those included,
because the description focused on the most important ones. The resulting unit costs are 188.3 million pesetas
of 1990 per ha of dock and 3.1 million pesetas of 1990 per m of available quayage, which are consistent with
the available technical information; see Cunningham (1914).

8 Junta Central de Puertos (n.d.), pp. 204-213. That census was much more exhaustive than the 1908 one.
The ports of the sample accounted for around 94 per cent of the total length of walls of Spanish portsin 1908.
There are two possible alternative estimates of the value of the gross stock in 1925, depending on which unit
cost is applied, i.e. relative to dock surface or to available quayage. Out of the two alternative estimates, the
higher one has been chosen, given the quality improvements that appear to have taken place in Spanish ports
during thefirst third of the twentieth century. An estimate of the gross stock in lighthouses has been added to
that figure, which results from the accumulation of Cercos Pérez's estimates of “new” investment in
lighthouses in 1908-1925. This researcher applied a coefficient of 0.724 to the expenses in lighthouse
construction that were included in the State budget during those years; see Cercos Pérez (1968), p. 585.

8 The evolution of the expenses of the Juntas has been taken from Junta Central de Puertos (n.d.), pp. 214-
222,

87 Sudrez de Tangil y Angulo (1954), pp. 50-51, offers data for 1925-1953, and Cercos Pérez (1968), p. 605,
for 1908-1965. Out of these two alternative series, the first one has been preferred for the years 1926-1951,
because it is more complete and includes some extraordinary amounts that are absent from Cercos Pérez's
data. On the contrary, from 1952 onwards, Cercos Pérez’ s figures are more appropriate, because they include
the amounts invested by institutions other than the State, which are not considered by Suérez de Tangil.

8 Retirement has been assumed to be a continuous process that coincided with depreciation associated with
deterioration, which has been assumed to be 80 per cent of total depreciation. The useful life of port
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series are shown in Table A.2.9 and Graphs A.2.13 and A.2.14. In addition, Graph A.2.13
compares the new estimate of port net infrastructure stock with the IVIE aternatives up to
1965.%

TableA.2.9
Ports (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment
1844 25,273 13,900
1845 389 316 73 25,347 421 -32 13,868
1846 368 316 52 25,399 422 -54 13,814
1847 382 316 66 25,465 423 -41 13,773
1848 413 316 97 25,562 424 -12 13,761
1849 465 316 149 25,711 426 39 13,801
1850 549 316 233 25,945 429 121 13,921
1851 599 316 283 26,228 432 167 14,088
1852 713 316 398 26,626 437 276 14,364
1853 887 316 571 27,197 444 443 14,808
1854 758 316 442 27,639 453 305 15,112
1855 713 316 397 28,036 461 252 15,365
1856 1,134 316 818 28,854 467 666 16,031
1857 732 316 416 29,270 481 251 16,283
1858 839 316 523 29,793 488 351 16,634
1859 1,235 316 919 30,712 497 738 17,372
1860 1,220 316 904 31,616 512 708 18,080
1861 1,502 316 1,186 32,802 527 975 19,055
1862 1,762 316 1,446 34,248 547 1,215 20,270
1863 2,999 316 2,683 36,931 571 2,428 22,698
1864 2,999 316 2,683 39,614 616 2,383 25,081
1865 2,999 316 2,683 42,296 660 2,339 27,420
1866 2,999 316 2,683 44,979 705 2,294 29,714
1867 1,285 316 970 45,949 750 536 30,250
1868 1,336 316 1,020 46,969 766 571 30,820
1869 1,008 316 692 47,661 783 225 31,045
1870 830 316 514 48,175 794 36 31,081
1871 1,281 316 965 49,140 803 478 31,559
1872 1,519 316 1,203 50,343 819 700 32,258
1873 678 316 362 50,705 839 -161 32,097
1874 2,258 316 1,942 52,647 845 1,413 33,510
1875 1,924 316 1,608 54,255 877 1,046 34,556
1876 459 316 143 54,398 904 -445 34,111
1877 464 316 148 54,546 907 -442 33,669
1878 473 316 157 54,703 909 -437 33,232
1879 508 316 192 54,895 912 -404 32,828
1880 650 316 334 55,229 915 -265 32,564

infrastructure has been assumed to be 80 years. The ratio between net and gross stock in 1844 has been
assumed to be the same asin State roads.

89 As has been pointed out before, the IVIE series for 1900-1990 only refers to infrastructure financed by the
State and does not include investment undertaken by other institutions. The IVIE database includes a second
series of port infrastructure that starts in 1955 and refers to the whole port system, which is aso shown in
Graph A.2.13.

105



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment
1881 582 316 267 55,496 920 -338 32,226
1882 540 316 224 55,720 925 -385 31,841
1883 620 316 304 56,024 929 -309 31,533
1884 1,197 316 881 56,906 934 263 31,796
1885 2,149 316 1,833 58,739 948 1,201 32,997
1886 1,357 316 1,041 59,780 979 378 33,375
1887 1,526 316 1,210 60,990 996 529 33,904
1888 1,468 316 1,152 62,142 1,016 452 34,356
1889 1,515 316 1,199 63,341 1,036 479 34,835
1890 1,674 316 1,358 64,699 1,056 618 35,453
1891 4,818 316 4,502 69,201 1,078 3,740 39,193
1892 4,073 316 3,757 72,958 1,153 2,919 42,113
1893 3,623 316 3,307 76,265 1,216 2,407 44,519
1894 3,867 316 3,551 79,816 1,271 2,596 47,115
1895 4,714 316 4,398 84,214 1,330 3,384 50,499
1896 4,740 316 4,424 88,638 1,404 3,336 53,835
1897 6,241 316 5,925 94,562 1,477 4,763 58,598
1898 5,977 316 5,661 100,224 1,576 4,401 62,999
1899 5,065 316 4,749 104,973 1,670 3,395 66,394
1900 4,762 316 4,446 109,419 1,750 3,012 69,406
1901 3,813 316 3,497 112,916 1,824 1,990 71,396
1902 4,114 316 3,798 116,714 1,882 2,232 73,628
1903 3,899 316 3,583 120,298 1,945 1,954 75,582
1904 4,592 316 4,276 124,574 2,005 2,587 78,169
1905 5,056 316 4,740 129,314 2,076 2,980 81,149
1906 5,846 316 5,530 134,844 2,155 3,691 84,840
1907 6,177 316 5,861 140,705 2,247 3,929 88,769
1908 7,997 316 7,681 148,385 2,345 5,652 94,421
1909 6,938 316 6,622 155,007 2,473 4,464 98,885
1910 6,285 316 5,969 160,976 2,583 3,702 102,587
1911 6,445 316 6,129 167,105 2,683 3,762 106,348
1912 6,685 316 6,369 173,474 2,785 3,900 110,248
1913 5,829 316 5,513 178,988 2,891 2,938 113,187
1914 6,500 316 6,184 185,171 2,983 3,517 116,703
1915 5,718 316 5,402 190,574 3,086 2,632 119,335
1916 4,086 316 3,770 194,344 3,176 910 120,245
1917 4,719 316 4,403 198,747 3,239 1,480 121,725
1918 4,150 316 3,834 202,581 3,312 837 122,563
1919 4,426 316 4,110 206,691 3,376 1,050 123,612
1920 4,431 316 4,115 210,807 3,445 986 124,599
1921 5,278 316 4,962 215,769 3,513 1,765 126,363
1922 4,135 316 3,819 219,587 3,596 538 126,902
1923 4,277 331 3,947 223,534 3,660 618 127,519
1924 4,461 341 4,120 227,655 3,726 736 128,255
1925 4,347 354 3,992 231,647 3,794 552 128,808
1926 4,136 374 3,762 235,409 3,861 275 129,083
1927 11,631 404 11,227 246,636 3,923 7,707 136,790
1928 11,844 413 11,432 258,068 4,111 7,734 144,524
1929 12,646 465 12,181 270,249 4,301 8,345 152,869
1930 3,597 549 3,048 273,297 4,504 -907 151,962
1931 3,398 599 2,798 276,095 4,555 -1,157 150,804
1932 3,168 713 2,455 278,550 4,602 -1,434 149,371
1933 10,726 887 9,839 288,388 4,642 6,083 155,454
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment
1934 13,643 758 12,885 301,273 4,806 8,836 164,290
1935 10,702 713 9,989 311,263 5,021 5,681 169,971
Graph A.2.13
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A.2.2 Communication networks

1) Telegraph

Within the telegraph system, only the network has been considered as
infrastructure. Machinery was relatively small and not fixed to the territory and the
buildings in which it was located were often devoted to other uses.?® The starting point for
the estimation of telegraph infrastructure stock has been an assessment of the materials that
made up the Spanish telegraph network in 1896, on the basis of technical information. ®*
The resulting gross stock figure has been increased by 20 per cent to account for the
contribution of labour, and has been carried backward and forward according to the
evolution of the length of lines and wires.%? The resulting yearly series of gross stock has
then been first-differenced to get a “new” investment series, which has in turn been the

basis for the net stock estimates.

The physical evolution of the network is shown in Table A.2.10, and the series of
net stock and gross investment can be seen in Table A.2.10 and in Graphs A.2.15 and
A.2.16. The final 1935 net stock figure of 735 million of 1990 pesetas is much lower than
the network value in 1965 which, according to the direct estimate available for that year,

was around 14,290 million of 1990 pesetas.®* In fact, my estimate is much more consistent

%0 See Capel Séez and Tatjer (1994), p. 45.
%1 The unit costs that have been applied are the following (in 1990 pesetas):

posts: 948 to 4,274 pesetas per unit (depending on quality and size).

wire: 81,667 to 130,552 pesetas per 1,000 kg (depending on quality).

cable: 1,381 to 1,648 pesetas per m.

insulators: 183 to 324 pesetas per unit (depending on size).
These figures come from Sauer (1869), except in the case of cable, for which telephone information coming
from Lépez Hernandez (1968) has been used. De Urquijo y De la Fuente (1968), p. 694, offers quite similar
unit costs for the Spanish network in 1965; Sauer’s figures have been preferred here because they allow a
higher level of detail in the assessment and are technologically closer to the Spanish network for most of the
period under study. In addition, the Spanish telegraph network of the nineteenth century was constructed to a
great extent with imported materials; see Capel Sdez and Tatjer (1994), p. 49, and Cavo Calvo (2001). The
description of the stock in 1896 comes from the Estadistica Telegréfica de Espafia. Prices have been
expressed in 1990 pesetas by using Prados de la Escosura’ s deflators for industry; see Prados de la Escosura
(1995), pp. 130-131.
92 The share of labour in the total cost comes from Sauer (1869). The value of wires has been carried
backward and forward according to the length of wire, and the value of posts, cables and insulators,
according to the length of lines. Since 1884 the Spanish telegraph network was divided into State and local
assets; see Calvo Calvo (forthcoming). However, data on local networks is only available from 1909
onwards; for former periods a similar evolution to the State network has been assumed. The information on
the physical development of the network comes from the Estadistica Telegréafica de Espafia and AEE.
Inconsistencies among different years in the mileage series have been corrected. The last Estadistica
Telegréfica refers to 1934; the stock figure for 1935 has been calculated as a projection of the previous 10-
year trend.
93 The assumed useful life for the telegraph network has been 30 years, asin Feinstein (1988), p. 354.
9 see De Urquijo y De laFuente (1968), p. 697
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with the data of “First Establishment” expenses of the State telegraph system during the
nineteenth century. %® Therefore, the new estimates seem to contain a downward bias that
increases with time, probably associated with the inability of the series to capture the
quality improvements in the system during the first third of the twentieth century.
Unfortunately, the lack of information on the physical characteristics of the stock between
1935 and 1965 makes the correction of this bias very difficult. As a consequence, the
reliability of the telegraph stock series is lower than for other types of infrastructure.

TableA.2.10
Telegraph infrastructure (million of 1990 pesetas)
Network  Network Gross Retirem. New Gross Depreciat. Net Net
length (km)  length  Investment Investment  Stock Invest.  Stock
(including
local lines)

1851 5 0 5 5 0 5 5
1852 5 0 5 9 0 5 9
1853 5 0 5 14 0 4 14
1854 5 0 5 19 0 4 18
1855 713 5 0 5 24 1 4 2
1856 883 6 0 6 29 1 5 27
1857 4,775 129 0 129 158 1 128 155
1858 6,560 59 0 59 218 5 54 209
1859 6,775 7 0 7 225 7 0 209
1860 7,215 15 0 15 241 8 8 217
1861 8,280 33 0 33 273 8 25 242
1862 8,828 35 0 35 308 9 26 268
1863 10,001 40 0 40 348 10 30 298
1864 10,918 30 0 30 379 12 19 316
1865 11,253 0 0 0 379 13 -13 304
1866 10,153 0 0 0 379 13 -13 291
1867 10,804 0 0 0 379 13 -13 278
1868 11,137 7 0 7 386 13 -5 273
1869 11,220 4 0 4 390 13 -9 264
1870 11,601 14 0 14 404 13 1 265
1871 11,754 2 0 2 406 13 -12 254
1872 11,754 2 0 2 408 14 -11 243
1873 11,754 0 0 0 408 14 -14 229
1874 11,754 0 0 0 408 14 -14 216
1875 12,260 27 0 27 436 14 14 229
1876 13,094 A 0 34 469 15 19 248
1877 14,854 71 0 71 540 16 55 304
1878 15,406 18 0 18 558 18 0 303
1879 15,489 4 0 4 562 19 -15 288
1880 16,124 19 0 19 581 19 0 289
1881 16,264 1 5 7 588 19 -8 281
1882 15,744 8 5 3 591 20 -12 269
1883 17,174 26 5 21 612 20 6 276
1884 17,489 17 5 13 625 20 -3 273
1885 17,840 15 5 10 635 21 -6 267

9 See, for instance, Calvo Calvo (2001).
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Network Network Gross Retirem. New Gross Depreciat. Net Net
length (km)  length  Investment Investment  Stock Invest.  Stock
(including
local lines)
1886 18,419 A 6 29 664 21 13 280
1887 23,292 265 129 136 800 22 243 523
1888 23,196 63 59 9 809 27 42 565
1889 23,809 25 7 18 827 27 -2 563
1890 24,756 57 15 42 869 28 30 593
1891 27,071 105 33 72 942 29 76 669
1892 26,729 47 35 12 954 31 16 685
1893 28,134 74 40 A 988 32 43 728
1894 28,386 4 30 14 1,002 3 11 739
1895 28,797 16 0 16 1,019 3 -17 722
1896 28,828 5 0 5 1,024 A -29 693
1897 28,392 0 0 0 1,024 A -34 659
1898 28,704 13 7 5 1,029 A -22 638
1899 28,557 7 4 3 1,032 A -27 611
1900 29,030 25 14 10 1,043 A -10 601
1901 7 2 5 1,047 35 -28 573
1902 12 2 9 1,056 35 -23 549
1903 29,252 5 0 5 1,061 35 -30 519
1904 28,809 0 0 0 1,061 35 -35 484
1905 29,612 35 27 8 1,069 35 0 484
1906 29,947 41 34 7 1,077 36 5 489
1907 32,097 128 71 57 1,134 36 92 581
1908 30,056 18 18 0 1,134 38 -20 561
1909 31,085 17 4 13 1,147 38 -21 540
1910 34,701 37,007 103 19 &4 1,231 38 65 605
1911 34,463 36,673 20 11 9 1,240 41 -21 585
1912 35,587 37,831 40 8 32 1,272 41 -2 583
1913 36,454 38,688 55 26 29 1,301 42 13 596
1914 79 17 62 1,363 43 36 632
1915 38,152 41,272 26 15 12 1,374 45 -19 613
1916 38,603 42,546 52 34 18 1,392 46 6 619
1917 39,195 43,535 286 265 21 1,413 46 240 859
1918 39,476 44,424 82 68 14 1,427 47 35 894
1919 40,118 46,213 52 25 27 1,454 48 4 898
1920 40,723 45,970 83 57 26 1,479 48 35 933
1921 41,872 47,674 134 105 29 1,509 49 85 1,018
1922 42,369 48,376 82 47 35 1,544 50 32 1,051
1923 42,950 49,429 87 74 13 1,556 51 35 1,086
1924 42,950 49,429 44 44 0 1,556 52 -8 1,078
1925 36,765 43,688 16 16 0 1,556 52 -35 1,043
1926 41,728 46,848 5 5 0 1,556 52 -47 996
1927 41,583 46,461 0 0 0 1,556 52 -52 944
1928 41,528 46,415 40 13 28 1,584 52 -11 933
1929 40,623 45,241 29 7 21 1,605 53 -24 908
1930 40,996 45,514 52 25 28 1,633 4 -1 907
1931 41,005 45,580 7 7 0 1,633 4 -48 859
1932 41,084 46,152 18 12 7 1,640 54 -36 823
1933 41,113 45,864 11 5 6 1,646 55 -43 780
1934 41,145 45,675 5 0 5 1,651 55 -50 729
1935 61 35 26 1,676 55 6 735
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2) Telephone

Unlike the telegraph system, in the case of the telephone infrastructure has been
assumed to include not only the network but also the main buildings and equipment, which
constituted fixed elements that were an integral part of the network. In order to elaborate
gross stock data, different procedures have been followed for the two periods before and
after the establishment of the quasi-monopolistic Compafiia Telefonica Nacional de
Espania (CTNE) in 1924. For the second of those periods, the annual reports of the CTNE
offer detailed information about the evolution of the company’s physical assets. They have
been multiplied by the available unit cost figures and, as a result of that calculation, a
series of CTNE gross infrastructure stock has been obtained, which presents a very similar
evolution to the total value of the company’s assets in its annual accounts.®® That series has
been broadened to account for the few independent telephone companies that were still in
operation after 1924, the most important one being the Red Provincial de GuipUzcoa.
Those companies’ stock has been valued according to the evolution of the number of their

subscribers (for urban circuits) and centres (for long-distance circuits and equipment).®’

For the period before 1924, the Estadistica Telegrafica de Espafia provides
information about the number of urban networks and their subscribers. This has made
possible an assessment of urban circuits and equipment, by applying ratios of the later
period. The resulting figures of gross stock have been increased by 2.5 per cent, in order to
dlow for the “private’ lines, which were often open to public service.®® Unfortunately,
there is no comparable information available about the Spanish long-distance telephone
network between 1891 (when long-distance connections started) and 1924. Therefore, its
evolution has been assumed to be similar to that of the urban networks,*°

9 Unit cost figures from Lépez Hernandez (1968). Some adjustments have been necessary to carry out the
valuation. Firstly, there is no information on buildings before 1929, and they have been assumed to account
for the same share of stock as in 1929-1935. Secondly, urban circuits are not described in detail every year,
and they have been assumed to follow the same evolution as the number of subscribers of the company. An
average of Prados de la Escosura’s deflators for industry (weighted 70 per cent) and construction (weighted
30 per cent) has been applied to the unit costs.

97 Data for the Red Provincial de Guiplzcoa is available in Echaide (1929) and in the company’s annual
reports, and less complete information for other companies is available in the Estadistica Telegréfica de
Espafia. In order to transform physical indicators into stock data, coefficients coming from CTNE
information have been applied.

9 The percentage of “private” lines also comes from the Estadistica Telegréafica de Espafia.

% Thisimplies a very slow development until 1904 and a gradual acceleration thereafter, which is consistent
with the qualitative information about the development of the long-distance network; see Bahamonde Magro
and Otero Carvajal (1993), p. 220, and Calvo Calvo (1998).
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The resulting gross stock figures have been increased by 10.6 per cent in order to
include buildings. % Finaly, the stock of the Red Provincial de Guipzcoa before 1924 has
been separately assessed using specific information on the company’s assets.!® The
resulting series of gross stock of telephone infrastructure for 1884-1935 has been first-
differenced in order to get a “new” investment series, which has been used as the basis for

the yearly net stock estimate. 1%2

The final net stock in 1935 is around 10 per cent of its value in 1965, which is
consistent with the extraordinary growth and technological change of the telephone
network during the 1950's and 1960's.'% The series can be seen in Table A.2.11 and in
Graphs A.2.17 and A.2.18.

TableA.2.11
Telephone infrastructure (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment
1884 0 0
1885 4 0 4 4 0 4 4
1886 2 0 2 6 0 2 6
1887 22 0 22 28 0 2 28
1888 22 0 22 50 1 21 49
1889 15 0 15 65 2 13 62
1890 6 0 6 71 2 4 66
1891 6 0 6 76 2 4 70
1892 55 0 55 132 2 53 123
1893 39 0 39 171 4 35 158
1894 40 0 40 210 5 A 192
1895 69 0 69 280 6 63 255
1896 10 0 10 290 9 2 256
1897 4 0 4 294 9 -5 251
1898 6 0 6 300 9 -3 248
1899 15 0 15 315 9 6 254
1900 12 0 12 327 10 3 256
1901 8 0 8 336 10 -2 255
1902 10 0 10 345 10 0 254
1903 10 0 10 356 1 0 254
1904 4 0 4 410 11 43 297
1905 114 0 114 523 13 101 398
1906 60 0 60 583 16 44 441
1907 85 0 85 668 18 67 509

100 Thjs percentage comes from CTNE data.

101 Echaide (1929).

102 The useful lifetimes have been assumed to be 100 years for buildings and 30 years for other infrastructure,
asin Feinstein (1988), p. 354.

103 The valuation of CTNE stock in 1965, in Lépez Hernandez (1968), p. 726. The progress of the system in
the 1950’'s and 1960’ s can be seen, for instance, in the number of telephone stations, which was 329,130 in
1935 and 2,736,828 in 1965.
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment

1908 124 0 124 793 21 104 612
1909 196 0 196 989 24 172 784
1910 282 0 282 1,271 31 252 1,036
1911 178 0 178 1,449 39 139 1,175
1912 238 0 238 1,687 45 193 1,368
1913 115 0 115 1,802 52 63 1,431
1914 109 0 109 1,911 56 53 1,484
1915 145 3 142 2,052 59 86 1,570
1916 545 2 543 2,595 63 482 2,051
1917 277 20 257 2,852 80 197 2,248
1918 302 20 282 3,134 83 214 2,462
1919 296 13 283 3,418 97 200 2,662
1920 232 5 227 3,645 105 127 2,789
1921 150 5 145 3,790 112 33 2,827
1922 194 49 145 3,935 117 77 2,904
1923 202 35 167 4,101 121 80 2,984
1924 827 35 792 4,893 127 701 3,685
1925 1,351 62 1,290 6,183 152 1,200 4,885
1926 2,582 9 2,573 8,756 192 2,390 7,275
1927 2,407 4 2,403 11,159 271 2,136 9,410
1928 1,529 5 1,523 12,682 346 1,183 10,594
1929 9,316 13 9,303 21,985 393 8,924 19,517
1930 5,065 11 5,054 27,039 682 4,383 23,900
1931 6,389 7 6,381 33,420 840 5,549 29,449
1932 780 9 771 34,192 1,041 -261 29,187
1933 190 9 181 34,372 1,065 -875 28,313
1934 668 48 620 34,993 1,070 -401 27,911
1935 1,365 102 1,263 36,256 1,086 278 28,189
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A.2.3 Energy distribution networks

Energy distribution infrastructure was made up of two main sectors. gas and
electricity. It has not been possible to estimate the value of Spanish gas distribution
networks, due to the scarcity of information. However, the sector had very little importance

and its exclusion from the series of stock does not seem to be a serious shortcoming. %4

On the contrary, information about electricity distribution networks is much more
abundant. In the mid-1940's, Becerril published the accounting vaue (gross of
depreciation) of each type of asset in the sector. His figures seem to be quite exhaustive,
although he probably missed the companies that produced electricity for their own use.
However, that absence is not a problem for this research, since these producers did not

contribute to the distribution network.%®

Those accounting figures have been corrected for price changes during the
investment period.1%® The result of this calculation is an estimate of gross capital stock in
the sector in 1943 expressed in 1990 pesetas, in which, according to Becerril’s information,
50 per cent was distribution infrastructure. The value of this share of the gross stock has
then been carried backward according to the evolution of electricity production, in order to
get a yearly gross stock series.’®” This has then been first-differenced to obtain a “new”
investment series, which has been used to estimate net stock figures, as in previous
cases.'® The final series are shown in Table A.2.12 and in Graphs A.2.19 and A.2.20.

104 There are some indications about the size of the sector that give an idea of its lack of importance. On the
one hand, Spanish gas production in 1901 was 105 million n, i.e. only 2.6 per cent of the British figure; see
Sudria Triay (1983), pp. 108-109. If the value of British gas distribution infrastructure (40 per cent of the
total capital stock in the gas sector) is applied this percentage, the resulting figure is 7,020 million of 1990
pesetas, which would account for around 0.7 per cent of Spanish net infrastructure stock in that year. In this
calculation, the British stock figure comes from Feinstein (1988), pp. 302-304, and infrastructure is
considered as those elements different from factories. On the other hand, during the nineteenth century the
investment in the Spanish gas sector by foreign companies (which were absolutely dominant at the time)
amounted to around 20,000 million of 1990 pesetas; see Costa Campi (1981), p. 55; and the 40 per cent of
this figure (which would represent infrastructure) is similar to the other indicator.

105 Becerril y Anton-Miralles (1946).

108 A weighted average of Prados de la Escosura's deflators for industry (40 per cent) and construction (60
per cent) has been applied to these figures, according to the timing of capital formation in the electricity
sector from 1900 onwards, which has been approached through production figures as is indicated below. A
series of Spanish electricity production is available in Bartolomé Rodriguez (1999).

197 production figures have also been used by Fenoaltea for Italy with similar purposes; see Fenoaltea (1982),
p. 626. Production data coming from Bartolomé Rodriguez (1999) have been smoothed by calculating 3-year
moving averages, in order to avoid jumps associated with the elaboration of electrical censuses, which are
warned of by the author.

198 The assumed useful life for the electricity distribution network is 25 years, asin Feinstein (1988), p. 305,
and Groote (1996), p. 162.
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Their level is consistent with figures of paid-up capital in the sector during the period
under study. 1%

TableA.2.12
Electricity distribution networks (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment
1879 229 0 229 229 0 229 229
1880 249 0 249 478 9 240 469
1881 270 0 270 748 19 251 720
1882 64 0 64 812 30 A 754
1883 70 0 70 882 32 37 791
1884 76 0 76 958 35 411 832
1885 82 0 82 1,040 3 44 876
1886 89 0 89 1,130 42 48 924
1887 97 0 97 1,227 45 52 976
1888 105 0 105 1,332 49 56 1,032
1889 115 0 115 1,447 53 62 1,094
1890 113 0 113 1,561 58 55 1,149
1891 171 0 171 1,732 62 109 1,258
1892 198 0 198 1,930 69 129 1,387
1893 405 0 405 2,335 77 328 1,715
1894 654 0 654 2,989 93 561 2,276
1895 938 0 938 3,927 120 818 3,094
1896 1,038 0 1,038 4,965 157 881 3,975
1897 978 0 978 5,943 199 779 4,754
1898 866 0 866 6,809 238 628 5,382
1899 934 0 934 7,743 272 662 6,044
1900 1,467 0 1,467 9,211 310 1,158 7,202
1901 1,409 0 1,409 10,620 368 1,040 8,242
1902 1,027 0 1,027 11,646 425 602 8,844
1903 561 0 561 12,207 466 9%5 8,940
1904 1,204 229 975 13,182 488 716 9,655
1905 1,648 249 1,399 14,582 527 1,121 10,776
1906 1,578 270 1,308 15,890 583 995 11,771
1907 1,189 64 1,125 17,015 636 554 12,325
1908 1,032 70 962 17,977 681 352 12,677
1909 2,419 76 2,343 20,320 719 1,699 14,376
1910 2,272 82 2,190 22,510 813 1,459 15,835
1911 2,699 89 2,609 25,119 900 1,798 17,634
1912 1,773 97 1,676 26,795 1,005 768 18,402
1913 7,995 105 7,890 34,685 1,072 6,923 25,326
1914 8,401 115 8,286 42,971 1,387 7,014 32,339
1915 9,750 113 9,636 52,607 1,719 8,031 40,370
1916 8,373 171 8,201 60,809 2,104 6,268 46,638
1917 9,823 198 9,625 70,433 2,432 7,390 54,029
1918 8,758 405 8,353 78,786 2,817 5,941 59,969
1919 8,399 654 7,745 86,532 3,151 5,248 65,217

109 see, for instance, Sintes Olives and Vidal Burdils (1933), pp. 122-123, or Hernandez Andreu (1981), pp.
142-148. The reliability of the series is confirmed by the fact that the net stock of electricity distribution
infrastructure was estimated in 1965 to be around ten times as large as my estimate for 1935, and electricity
production had experienced a similar growth between those two years; see Gabinete de Investigacion de la
Universidad Comercia de Deusto (1968).
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment
1920 9,187 938 8,249 94,781 3,461 5,726 70,943
1921 11,820 1,038 10,781 105,562 3,791 8,028 78,972
1922 12,952 978 11,974 117,536 4,222 8,729 87,701
1923 14,789 866 13,923 131,460 4,701 10,088 97,789
1924 15,922 934 14,988 146,447 5,258 10,664 108,452
1925 23,514 1,467 22,047 168,494 5,858 17,657 126,109
1926 23,047 1,409 21,638 190,132 6,740 16,307 142,416
1927 21,952 1,027 20,925 211,057 7,605 14,347 156,763
1928 20,485 561 19,924 230,981 8,442 12,043 168,805
1929 16,927 1,204 15,723 246,704 9,239 7,687 176,493
1930 15,535 1,648 13,887 260,592 9,868 5,667 182,160
1931 4,160 1,578 2,582 263,173 10,424 -6,264 175,896
1932 6,896 1,189 5,707 268,880 10,527 -3,631 172,265
1933 10,289 1,032 9,257 278,137 10,755 -466 171,799
1934 13,650 2,419 11,231 289,368 11,125 2,525 174,324
1935 10,007 2,272 7,735 297,103 11,575 -1,568 172,756
Graph A.2.19
Electricity distribution: net infrastructure stock
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Graph A.2.20
Electricity distribution: grossinfrastructure investment
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A.2.4 Hydraulic Works
1) Reservoirs

The estimates for the net stock or reservoirs are based on a census carried out in
1965, which provides detailed information about physical characteristics, year of
inauguration and construction cost of the Spanish reservoirs with a dam higher than 15 m,
except for afew cases in which construction cost was unknown.**° In order to give a value
to those reservoirs with no construction cost information, data from the remaining works

has been used to get unit construction costs by type and size of dam. !

The (true or estimated) construction cost of each reservoir has then been distributed

among the 10 years before the date of its inauguration, in order to get figures of “new”

10 Garrido Bartolomé (1968), pp. 723-737.

11 The cost of land has been subtracted. The average unit values of the dams for which there is information
about construction costs are the following (in 1990 pesetas): earth dams, 3,830 pesetas per mi; masonry
dams, 7,307 to 13,252 pesetas per nt (depending on the reservoir capacity); ashlar or concrete dams; 11,374
to 32,996 pesetas per n? (depending on the reservoir capacity). Those values have been applied to the
reservoirs on which information on the volume of the dam was available. In a few cases there was no
information on the volume of the dam either, and the reservoir capacity has been multiplied by the average
construction cost per hnt.
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investment.*'? The resulting series has then been broadened to include reservoirs with a
dam lower than 15 m, which were absent from the 1965 census. The available information
indicates that those small reservoirs might have accounted for 15 per cent of the total stock
a least until 1910, and would have a decreasing importance as the construction of large
reservoirs accelerated after that date.**® In the 1965 census, they were estimated to account

for 6.45 per cent of the total stock of reservoirs.*'* Therefore, in this research, the “new”

investment series has been increased by 15 per cent until 1910 and, from that year, by a
share that decreased gradually to the level of 6.45 per cent in 1935.

A hypothetical series of replacement investment has been added to the “new”
investment figures.'*® The resulting gross investment series has then been used as the basis
for the estimation of the yearly net stock, which is presented in Table A.2.13 and in Graphs
A.2.21and A.2.22.

TableA.2.13
Reservoirs (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment
1844 209 127
1845 12 2 10 219 3 9 137
1846 26 2 24 243 3 23 160
1847 26 2 24 267 3 23 183
1848 28 2 26 293 3 25 207
1849 2 2 385 4 91 298
1850 A 2 92 477 5 89 387
1851 2 A 511 6 30 418
1852 70 2 68 579 6 64 482
1853 70 2 68 648 7 63 545
1854 139 2 137 784 8 130 675
1855 139 2 137 921 10 129 804
1856 139 2 137 1,057 12 127 931
1857 139 2 137 1,194 13 125 1,056
1858 139 2 137 1,331 15 124 1,180
1859 2 2 0 1,331 17 -15 1,165
1860 2 2 0 1,331 17 -15 1,151
1861 2 2 0 1,331 17 -15 1,136
1862 2 2 0 1,331 17 -15 1,121
1863 2 2 0 1,331 17 -15 1,107
1864 2 2 0 1,331 17 -15 1,092
1865 2 2 0 1,331 17 -15 1,078

112 10 years seem to be the average length of dam building during the period under study; see, for instance,
Giebens (1926), p. 419, as well as numerous examples of dam construction in Bolea Foradada (1986).

113 nformation from MAEOP and Bello (1914).

114 Garrido Bartolomé (1968), p. 715.

15 The assumed useful life for reservoirs is 80 years, similar to Feinstein (1988), pp. 331-332, and Groote
(1996), p. 135.
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment

1866 2 2 0 1,331 17 -15 1,063
1867 2 2 0 1,331 17 -15 1,048
1868 2 2 0 1,331 17 -15 1,034
1869 4 2 2 1,333 17 -12 1,021
1870 4 2 2 1,335 17 -12 1,009
1871 4 2 2 1,337 17 -12 997

1872 4 2 2 1,339 17 -12 984

1873 55 2 53 1,393 17 33 1,023
1874 83 2 86 1,478 17 70 1,093
1875 153 2 151 1,629 18 135 1,227
1876 153 2 151 1,780 20 133 1,360
1877 153 2 151 1,931 2 131 1,491
1878 209 2 207 2,138 24 185 1,676
1879 235 2 233 2,371 27 208 1,884
1880 300 2 298 2,669 30 271 2,154
1881 300 2 298 2,967 3 267 2,421
1882 300 2 298 3,265 37 263 2,684
1883 203 2 201 3,466 1 162 2,846
1884 143 2 141 3,607 43 100 2,946
1885 2 2 20 3,628 45 -23 2,923
1886 25 2 23 3,650 45 -21 2,902
1887 51 2 49 3,700 46 6 2,908
1888 %) 2 52 3,752 46 8 2,916
1889 54 2 52 3,804 47 7 2,923
1890 65 2 63 3,866 48 17 2,940
1891 78 2 76 3,942 48 30 2,970
1892 105 2 103 4,045 49 56 3,025
1893 117 2 115 4,160 51 67 3,092
1894 128 2 126 4,287 52 76 3,168
1895 121 2 119 4,405 54 67 3,235
1896 132 2 130 4,535 55 7 3,312
1897 78 2 76 4,612 57 2 3,334
1898 %) 2 52 4,663 58 -4 3,330
1899 70 2 68 4,731 58 12 3,342
1900 113 2 111 4,842 59 54 3,395
1901 137 2 135 4,977 61 76 3,471
1902 150 2 148 5,125 62 88 3,559
1903 192 2 190 5,314 64 128 3,687
1904 357 2 355 5,669 66 291 3,977
1905 380 2 378 6,047 71 309 4,286
1906 591 2 589 6,636 76 515 4,802
1907 989 2 987 7,623 83 906 5,708
1908 1,064 2 1,062 8,685 95 969 6,676
1909 1,376 2 1,374 10,059 109 1,267 7,944
1910 1,338 2 1,336 11,395 126 1,212 9,156
1911 1,574 2 1,572 12,966 142 1,432 10,587
1912 1,985 2 1,983 14,949 162 1,822 12,410
1913 2,323 2 2,321 17,270 187 2,136 14,546
1914 2,136 2 2,134 19,404 216 1,920 16,466
1915 2,268 2 2,266 21,670 243 2,026 18,491
1916 2,243 2 2,241 23,911 271 1,972 20,464
1917 1,788 2 1,786 25,698 299 1,490 21,953
1918 2,164 2 2,162 27,860 321 1,843 23,796
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Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment I nvestment
1919 2,092 2 2,090 29,950 348 1,744 25,540
1920 2,380 2 2,378 32,328 374 2,006 27,546
1921 2,360 14 2,346 34,674 404 1,956 29,502
1922 2,732 14 2,718 37,392 433 2,298 31,800
1923 2,590 14 2,576 39,968 467 2,123 33,923
1924 3,047 14 3,033 43,001 500 2,547 36,470
1925 3,548 12 3,536 46,537 538 3,010 39,480
1926 4,031 26 4,005 50,542 582 3,450 42,930
1927 4,359 26 4,333 54,875 632 3,727 46,657
1928 4914 28 4,886 59,761 686 4,228 50,885
1929 5,126 A 5,032 64,792 747 4,379 55,264
1930 5,583 A 5,489 70,281 810 4,773 60,037
1931 5,281 36 5,245 75,526 879 4,403 64,439
1932 4,544 70 4,474 80,000 944 3,600 68,039
1933 3,905 70 3,835 83,835 1,000 2,905 70,945
1934 3,544 139 3,405 87,240 1,048 2,496 73,441
1935 2,647 139 2,508 89,748 1,091 1,556 74,997

2) Canals

The information available about irrigation canals and the few existing waterways is
much less detailed than for reservoirs. Data about either the costs or the age of each canal
is very scarce, and the smallest works are just mentioned in the sources, without any
specification of their physical characteristics.*'® Therefore, it has only been possible to
estimate a very rough proxy of the stock of this type of infrastructure, which excludes the
smallest irrigation canals at least until 1912.

For the period prior to 1912, a similar method to that followed with reservoirs has
been applied. However, as has been indicated, construction cost figures are only available
for a small sample of canals. They have been deflated according to the year of inauguration
of each canal in the sample, and used to calculate a unit cost figure, which has been applied
to the assessment of the remaining canals, for which no construction cost information
exists.''’ The (true or estimated) construction costs of each canal have then been

accumulated through time, and a gross stock series for 1844-1911 has been obtained as a

118 The main sources of information about irrigation canals and waterways that have been used in this
research are MAEOP, Bello (1914), Alzolay Minondo (1979), Ceballos Teresi (1932) and Fernandez
Orddiiez (1986). Information in these sources ends around 1911, and is not exhaustive.

17 The unit cost figure has been obtained by dividing, for each canal in the sample, construction cost by the
product of length times capacity, and by calculating a weighted average of the results. A 10 per cent of the
value has been subtracted as a representative share for land. This percentage comes from avery small sample
of canals for which thisinformation is available.
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result, which has been the basis for the figures of “new” and (after adding replacement

expenses) gross investment in canal infrastructure.

From 1912 onwards, State investment in irrigation infrastructure has been used as
representative for gross investment.!!® This is consistent with the change in the State’s
irrigation policy, which became much more active after the 1911 Act.'!® As a result, a
continuous gross investment series for 1845-1935 has been obtained.

The net stock series that results from those gross investment figures has a very
similar evolution to the reservoir net stock, and is reproduced in Table A.2.14 and Graph
A.2.21.'%° Gross investment is depicted in Graph A.2.22 and, finaly, Graph A.2.23
compares the evolution of the new estimate of the Spanish net stock of hydraulic works
(reservoirs and canals) with the IVIE figures of hydraulic infrastructure net stock. As the
IVIE series only refers to State investment, its level is lower than my estimate.
TableA.2.14

Canals (million of 1990 pesetas)
Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment
1844 10,178 5,825
1845 356 0 356 10,534 127 228 6,053
1846 356 0 356 10,890 132 224 6,277
1847 356 0 356 11,245 136 220 6,497
1848 356 0 356 11,601 141 215 6,712
1849 1,211 0 1,211 12,812 145 1,066 7,778
1850 1,211 0 1,211 14,022 160 1,051 8,829
1851 1,211 0 1,211 15,233 175 1,036 9,864
1852 1,211 0 1,211 16,444 190 1,020 10,885
1853 1,211 0 1,211 17,655 206 1,005 11,890
1854 1,211 0 1,211 18,865 221 990 12,880
1855 1,211 0 1,211 20,076 236 975 13,855
1856 1,223 0 1,223 21,299 251 972 14,827
1857 2,063 0 2,063 23,362 266 1,797 16,624
1858 2,063 0 2,063 25,425 292 1,771 18,395
1859 866 0 866 26,291 318 548 18,944
1860 866 0 866 27,157 329 537 19,481
1861 1,728 770 958 28,115 339 1,388 20,869
1862 1,728 770 958 29,072 351 1,376 22,246
1863 1,728 770 958 30,030 363 1,364 23,610
1864 1,728 770 958 30,987 375 1,352 24,962
1865 1,728 770 958 31,945 387 1,340 26,302
1866 1,716 770 946 32,890 399 1,316 27,619
1867 875 770 105 32,996 411 464 28,083
1868 875 770 105 33,101 412 463 28,546

18 That information is available in IVIE, which distinguishes between “irrigation infrastructure” and “basic
infrastructure” (i.e. reservairs).

119 See Villanueva Larraya (1991), pp. 151-161.

120 Againinthis case a useful life of 80 years has been assumed.
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment
1869 875 770 105 33,206 414 462 29,007
1870 875 770 105 33,311 415 460 29,467
1871 14 0 14 33,324 416 -403 29,065
1872 14 0 14 33,338 417 -403 28,662
1873 14 0 14 33,352 417 -403 28,259
1874 14 0 14 33,365 417 -403 27,855
1875 14 0 14 33,379 417 -403 27,452
1876 14 0 14 33,392 417 -404 27,048
1877 14 0 14 33,406 417 -404 26,645
1878 14 0 14 33,419 418 -404 26,241
1879 14 0 14 33,433 418 -404 25,837
1880 14 0 14 33,446 418 -404 25,432
1881 193 0 192 33,639 418 -225 25,207
1882 193 0 192 33,831 420 -228 24,979
1883 193 0 192 34,024 423 -230 24,749
1884 193 0 192 34,216 425 -233 24,516
1885 193 0 192 34,409 428 -235 24,281
1886 198 0 198 34,606 430 -232 24,049
1887 198 0 198 34,804 433 -235 23,814
1888 198 0 198 35,002 435 -237 23,577
1889 198 0 198 35,200 438 -240 23,337
1890 229 0 229 35,429 440 -211 23,127
1891 138 0 138 35,567 443 -305 22,822
1892 138 0 138 35,704 445 -307 22,515
1893 138 0 138 35,842 446 -309 22,206
1894 138 0 138 35,980 448 -310 21,896
1895 138 0 138 36,117 450 -312 21,584
1896 132 0 132 36,250 451 -319 21,265
1897 132 0 132 36,382 453 -321 20,945
1898 132 0 132 36,514 455 -322 20,622
1899 495 363 132 36,647 456 39 20,661
1900 464 363 101 36,748 458 5 20,666
1901 1,255 363 892 37,640 459 796 21,462
1902 1,255 363 892 38,533 471 785 22,246
1903 1,550 363 1,187 39,720 482 1,068 23,314
1904 1,550 363 1,187 40,906 496 1,053 24,367
1905 1,550 363 1,187 42,093 511 1,038 25,406
1906 1,550 363 1,187 43,280 526 1,023 26,429
1907 1,550 363 1,187 44,467 541 1,009 27,438
1908 1,550 363 1,187 45,654 556 994 28,431
1909 1,174 0 1,173 46,828 571 603 29,034
1910 1,174 0 1,173 48,001 585 588 29,622
1911 295 0 295 48,295 600 -305 29,317
1912 2,409 0 2,409 50,705 604 1,806 31,123
1913 2,574 0 2,574 53,279 634 1,940 33,063
1914 2,646 0 2,646 55,925 666 1,980 35,043
1915 2,838 0 2,837 58,762 699 2,139 37,182
1916 2,627 0 2,627 61,389 735 1,892 39,074
1917 2,667 0 2,667 64,056 767 1,900 40,974
1918 3,321 0 3,321 67,377 801 2,520 43,494
1919 3,835 0 3,835 71,212 842 2,993 46,487
1920 5,642 0 5,642 76,854 890 4,752 51,239
1921 8,338 1,040 7,298 84,152 961 7,377 58,616

124



Spain’ sinfrastructure stock (1845-1935): a quantitative estimate

Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment
1922 3,746 356 3,390 87,542 1,052 2,694 61,310
1923 3,388 356 3,032 90,574 1,094 2,294 63,603
1924 3,250 356 2,894 93,468 1,132 2,117 65,721
1925 3,477 356 3,121 96,589 1,168 2,308 68,029
1926 3,339 356 2,983 99,572 1,207 2,131 70,160
1927 2,829 356 2,473 102,045 1,245 1,584 71,744
1928 3,446 356 3,090 105,135 1,276 2,170 73,915
1929 3,558 1,211 2,347 107,482 1,314 2,244 76,158
1930 5,861 1,211 4,650 112,132 1,344 4517 80,676
1931 7,273 1,211 6,063 118,194 1,402 5,872 86,548
1932 2,172 1,211 961 119,156 1,477 695 87,242
1933 17,344 1,211 16,134 135,289 1,489 15,855 103,097
1934 7,291 1,211 6,080 141,369 1,691 5,600 108,697
1935 5,166 1,211 3,955 145,324 1,767 3,399 112,096
Graph A.2.21
Hydraulic works: net infrastructure stock
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Graph A.2.22

Hydraulic works: gross infrastructure investment
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A.25 Summary

The estimates for the whole infrastructure are summarised in Table A.2.15.

TableA.2.15
Spanish infrastructure (million of 1990 pesetas)

Gross Retirements New Gross Stock Depreciation Net Net Stock

Investment Investment Investment

1844 98,620 54,474
1845 2,817 1,109 1,707 100,328 1,342 1,474 55,948
1846 3,005 1,116 1,889 102,217 1,367 1,638 57,586
1847 3,613 1,122 2,491 104,708 1,395 2,218 59,804
1848 4,941 1,131 3,810 108,519 1,434 3,508 63,312
1849 7,779 1,146 6,633 115,152 1,493 6,285 69,597
1850 9,894 1,168 8,726 123,877 1,596 8,298 77,895
1851 11,941 1,198 10,743 134,620 1,737 10,204 88,099
1852 14,238 1,236 13,002 147,622 1,913 12,325 100,424
1853 13,829 1,283 12,546 160,168 2,129 11,700 112,124
1854 12,945 1,325 11,620 171,788 2,342 10,603 122,727
1855 15,060 1,362 13,698 185,486 2,541 12,519 135,246
1856 16,134 1,407 14,727 200,213 2,775 13,360 148,605
1857 22,429 1,452 20,978 221,191 3,037 19,393 167,998
1858 30,914 1,511 29,402 250,593 3,424 27,490 195,488
1859 38,372 1,594 36,778 287,371 3,984 34,388 229,876
1860 44,187 1,700 42,487 329,858 4,704 39,483 269,359
1861 52,520 2,589 49,931 379,789 5,554 46,966 316,325
1862 57,176 2,736 54,440 434,229 6,529 50,646 366,971
1863 56,170 2,974 53,196 487,425 7,602 48,568 415,539
1864 50,015 3,172 46,843 534,268 8,638 41,377 456,916
1865 37,390 3,380 34,010 568,278 9,534 27,856 484,772
1866 25,060 3,607 21,453 589,730 10,168 14,891 499,663
1867 15,365 3,881 11,484 601,214 10,548 4,817 504,480
1868 12,831 4,253 8,578 609,792 10,734 2,097 506,577
1869 12,348 4,560 7,788 617,581 10,843 1,505 508,082
1870 8,186 -8,490 16,676 634,257 10,937 -6,200 501,882
1871 11,117 22,533 -11,416 622,841 11,126 -9 501,874
1872 13,267 4,159 9,108 631,949 10,970 2,297 504,171
1873 16,756 1,771 14,984 646,933 11,137 7,847 512,018
1874 21,338 4,880 16,457 663,390 11,329 10,009 522,027
1875 22,167 6,248 15,919 679,309 11,494 10,673 532,700
1876 19,502 8,215 11,287 690,596 11,613 7,889 540,589
1877 18,966 10,172 8,794 699,390 11,599 7,367 547,956
1878 24,674 11,848 12,826 712,217 11,499 13,175 561,131
1879 28,157 12,789 15,368 727,584 11,417 16,739 577,870
1880 31,751 14,860 16,890 744,475 11,353 19,957 597,827
1881 28,970 13,000 15,970 760,445 11,305 17,665 615,492
1882 36,622 16,121 20,501 780,946 11,261 24,200 639,691
1883 31,047 8,007 23,040 803,986 11,329 19,159 658,850
1884 31,260 8,291 22,970 826,956 11,501 19,086 677,936
1885 29,626 3,159 26,757 853,423 11,768 17,577 695,513
1886 29,017 4,223 24,795 878,218 12,115 16,902 712,415
1887 28,110 4,538 23,571 901,789 12,466 15,644 728,059
1888 27,796 4,411 23,385 925,174 12,798 14,997 743,056
1889 30,965 4,606 26,359 951,533 13,134 17,831 760,888
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Gross Retirements New Gross Stock Depreciation Net Net Stock
Investment Investment Investment

1890 34,894 4,199 30,695 982,228 12,629 22,241 783,128
1891 46,297 4,027 42,269 1,024,497 13,107 33,190 816,318
1892 50,270 4,287 45,983 1,070,481 13,780 36,491 852,809
1893 48,073 4,438 43,634 1,114,115 14,489 33,583 886,393
1894 48,150 4,570 43,580 1,157,696 15,144 33,006 919,399
1895 46,365 4,675 41,692 1,199,386 15,841 30,521 949,920
1896 40,912 4,800 36,114 1,235,497 16,519 24,389 974,310
1897 31,290 5,143 26,385 1,261,644 17,093 13,966 988,276
1898 31,742 5,097 26,755 1,288,289 17,506 14,129 1,002,405
1899 34,232 5,757 28,585 1,316,764 17,893 16,251 1,018,655
1900 36,816 5,615 31,307 1,347,965 18,345 18,387 1,037,043
1901 39,741 5,742 34,228 1,381,963 18,900 20,632 1,057,675
1902 38,228 6,421 31,807 1,413,770 19,520 18,723 1,076,398
1903 37,865 7,591 30,697 1,444,045 19,819 17,657 1,094,056
1904 32,226 9,826 22,804 1,466,444 20,218 11,552 1,105,608
1905 30,510 8,499 22,669 1,488,455 20,534 9,368 1,114,976
1906 25,871 7,546 18,884 1,506,780 20,891 4,471 1,119,447
1907 27,566 6,213 21,962 1,528,132 21,157 5,854 1,125,300
1908 39,555 6,926 32,767 1,560,761 21,541 17,881 1,143,181
1909 41,935 6,928 35,007 1,595,768 22,035 19,900 1,163,082
1910 39,527 6,295 33,282 1,629,000 22,470 17,009 1,180,090
1911 42,286 5,857 36,444 1,665,429 23,041 19,230 1,199,320
1912 50,247 7,429 42,986 1,708,248 23,658 26,429 1,225,749
1913 52,630 8,723 43,910 1,752,155 24,354 28,273 1,254,022
1914 53,826 9,827 44,044 1,796,154 25,116 28,667 1,282,689
1915 48,333 10,034 38,313 1,834,453 25,951 22,369 1,305,058
1916 51,386 10,388 41,319 1,875,451 26,724 24,353 1,329,411
1917 52,538 10,152 42,421 1,917,837 27,544 24,960 1,354,371
1918 40,352 10,521 29,845 1,947,668 28,251 12,088 1,366,459
1919 37,669 11,791 25,891 1,973,546 28,806 8,851 1,375,310
1920 41,260 13,413 27,846 2,001,393 29,305 11,955 1,387,265
1921 62,233 16,529 45,772 2,047,097 29,838 32,330 1,419,595
1922 61,703 16,724 45,053 2,092,076 30,704 30,928 1,450,524
1923 67,280 17,062 50,760 2,142,294 31,507 35,251 1,485,774
1924 69,801 16,859 53,007 2,195,236 32,415 37,324 1,523,098
1925 90,269 17,958 72,385 2,267,548 33,362 56,836 1,579,934
1926 101,567 16,789 85,293 2,352,326 34,945 66,253 1,646,187
1927 104,439 13,403 91,061 2,443,362 36,417 67,999 1,714,186
1928 108,291 14,272 94,037 2,537,380 38,300 69,973 1,784,160
1929 108,362 19,181 91,031 2,626,561 40,096 66,605 1,850,765
1930 94,431 18,912 75,519 2,702,080 41,860 52,571 1,903,336
1931 80,780 19,701 61,258 2,763,159 43,297 37,311 1,940,646
1932 54,770 20,587 34,338 2,797,342 44,253 10,361 1,951,007
1933 84,079 20,217 63,862 2,861,204 44,836 39,243 1,990,250
1934 72,251 39,267 34,493 2,894,188 45,926 26,344 2,016,594
1935 59,031 1,090 57,940 2,952,128 46,784 12,247 2,028,841
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CHAPTER THREE

THE GEOGRAPHICAL DISTRIBUTION OF SPANISH INFRASTRUCTURE

3.1 Introduction
3.2 The geogr aphical distribution of Spanish infrastructure stock

3.3 An explanatory model for the provincial distribution of Spanish railways

and roads

3.4 Conclusions

3.1 Introduction

Modern Spain has been characterised by a wide heterogeneity between the different
regional economies of the country. At the end of the twentieth century, for instance,
income per capita in the poorest Autonomous Community (Extremadura) was 45 per cent
lower than in the most developed one (Balearic Islands).??” Although the origin of those
striking differences has been traced back to the second half of the seventeenth century, 22
the development of the modern Spanish regiona structure was not completed until the
nineteenth and early twentieth centuries, i.e. the period covered by this research, in which

the process of regional divergence substantially accelerated.?®

As aresult of that divergence process, two different areas may be distinguished in
the country. Since the beginning of the twentieth century, regional figures of income per
capita, regional percentages of industrial active population, or the available estimates of the
“physical index of quality of life” (which summarise information on literacy, infant
mortality and life expectancy) reflect a division of the country between a rich “North”
(made up by most Northern and Mediterranean regions and Madrid), which has enjoyed an
intense development process during the nineteenth and twentieth centuries, and a poor
“South” (Andalusia, Extremadura, Castile-La Mancha, Murcia and the Canary Islands),

which has remained relatively stagnant or has experienced a gradual economic decline in

221 7 apata Blanco (2001), p. 590.
228 |_|opis Agelan (2001), p. 523.
229 Carreras (1990a), pp. 14-15.
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relative terms. Some regions are of course difficult to incorporate in that division, as is the
case with the largest and most heterogeneous ones (such as Castile-Leon, Andalusia or
Aragon), or with Galicia and Asturias, which during the second half of the nineteenth
century had relatively high indices of quality of life and low levels of income per capita
However, in spite of that complexity, the existence of a fundamental geographical dualism
in the Spanish economy in Late Modern times is broadly confirmed by the available

information. 2*°

The reasons for that regional divergence are complex. To start with, the literature
on Early Modern Spain has stressed the importance of the differences in population density
that resulted from the Christian conquest of each region in the Middle Ages.>*! The most
sparsely-populated areas of the interior initiated in the mid-seventeenth century a process
of purely extensive agrarian growth without productivity increases, based on the
colonisation of empty lands. By contrast, at the same time, some densely populated
peripheral regions, especially on the Mediterranean coast, started a process of expansion of

intensive agrarian products, with a much greater impact on productivity. 2

From the early-nineteenth century, a number of additional factors, such as
technologica change, the State’s economic policy, the integration of the national market or
changes in the external relations of the Spanish economy altered some of the previous
regional advantages that were mainly associated with population density.?*® Among those
factors, the distribution of infrastructure endowment has often been mentioned as having
an influence on the Spanish regional divergence during the nineteenth and early twentieth

centuries.

On the one hand, both contemporaries and historians have stressed the uneven
distribution of infrastructure among the Spanish regions. In some cases, the shortage of
transport networks has been considered as a limit for local development. For instance, in

Asturias, the scarcity of infrastructure has been blamed for the take-over of the local iron

230 The main regional economic variables for nineteenth and twentieth century Spain may be seen in Zapata
Blanco (2001) and also below (Table 3.4).
21 According to Llopis Agelan (2001), pp. 514-515, the main reasons for the differences in regional
population density in the eighteenth century were the timing of the Christian conquest and the control that the
ugper classes exerted on the colonisation process in each region after the conquest.
%32 gee Llopis Agelan (2001), pp. 516-522, who indicates that other factors such as institutions, the
geographic situation of each region, and the previous existence of market traditions were also relevant in the
Erocess of regional economic divergence that started around 1650.

33 |bidem, p. 523.
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industry by the Basque one during the second half of the nineteenth century.?* In other
areas, such as Galicia or the Pyrenees, the lack of connections with the national transport
network was felt at the time as a major obstacle to industridisation.?® Other authors have
insisted on the privilege that some “Northern” regions, such as the Basgue Country,
Madrid, Cantabria or some provinces of Castile-Leon, received from the public sector
regarding infrastructure investment. Actually, Cantabria and the three Castilian provinces
of Valadolid, Palencia and Burgos appear to have been a privileged area since Early
Modern times, when the Canal of Castile and the road that connected it with the sea were

constructed to allow the commercialisation of Castilian production. %3¢

On the other hand, the geographical structure of the national transport and
communication networks has been said to have been inefficient and mainly inspired by
political criteria. The radia character of the Spanish road, railway and telegraph systems,
which adapted to the previous structure of postal services, and also imitated the design of
the French networks, might have been inadequate for Spanish needs and made connections
between production and consumption centres expensive.?®’ In addition, the political
decision-making process was blamed at the time for being a vehicle used by individual
members of parliament to win votes, giving rise to the construction of “parliamentary”

roads and railways which were not justified on economic grounds.?®

In this context, this chapter constitutes a first approach to the evolution of the
geographical distribution of Spanish infrastructure between the middle of the nineteenth
century and the Civil War. The distribution of each type of infrastructure among the

Spanish regions is compared in the text with the features of each regional economy, in

234 Ojeda (2001), p. 52.

235 On Galicia, see some contemporaries opinionsin VeigaAlonso (1999). On the Pyrenees, see Vidal Raich
(1994), who, for instance, quoted a pamphlet published by the local elites of Northern Aragon in 1859, in
which they complained that “Neglected in the interior due to consideration of badly applied economy,
condemned to complete isolation (...) the High Aragon sees everywhere activity and life, while it is
condemned to thetorture of quietness” (p. 181).

238 For the Basque Country, see Gonzélez Portilla et al (1995), p. 77, or NUfiez Romero-Balmas (1998), pp.
14-15; for Madrid, see Garcia Delgado and Carrera Troyano (2001), pp. 230-233; for Cantabria, Dominguez
Martin and Pérez Gonzalez (2001) and, for Castile-Leon, Moreno Lézaro (2001), p. 188-189 and 206.

27 On the radial design of the Spanish networks, see Garcia Delgado and Carrera Troyano (2001), pp. 230-
233. Fierce criticisms to the radial structure of the railway network can be found in Nadal Oller (1975), pp.
48-50, Casafas Vallés (1977), p. 52, Hernadndez (1999), p. 419, or Broder (2000), pp. 77-78. Nevertheless,
other historians consider that the radial framework adapted quite well to the previously existing transport
flows, and was the cheapest way to connect the whole country; see, for instance, Equipo Urbano (1972),
Artola (1978a), p. 24, Cordero and Menéndez (1978), p. 173, Tortella Casares (1994a), p. 114, Gbémez
Mendoza (1997), p. 492, and Comin Comin et a (1998), Vol. 1, p. 11.

238 On “parliamentary” roads, see Alzolay Minondo (1979), pp. 437-438; Calvo Calvo (2001) has recently
detected similar situationsin the case of the telegraph system.
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order to get a more accurate impression of the main aims and efficiency of the investment
process. The outcomes of this analysis allow a better understanding of the reasons for the
uneven infrastructure endowment throughout the Spanish regions during the nineteenth and

twentieth century.

This chapter is organised as follows. Firstly, Section 3.2 describes, for each type of
infrastructure for which data are available, the evolution of its geographical distribution
during the period under study. Secondly, in Section 3.3 an econometric exercise is carried
out that tries to identify the main determinants of the spatial distribution pattern of the most
important Spanish infrastructure, i.e. the networks of railways and roads. Section 3.4

summarises the major conclusions of the chapter.

3.2 The geographical distribution of Spanish infrastructure stock

It has not been possible in this research to estimate figures of infrastructure stock in
monetary terms for the Spanish provinces or regions, because information on investment
flows is much scarcer at those levels than for the whole economy. Instead, in order to
measure regional differences in infrastructure availability, physical indicators of the
endowment of land transport and communication networks in each province have been
collected for each decade of the period. Within the transportation sector, figures of
provincial mileage have been gathered for broad and narrow gauge railways from 1860,2%°
for the road network (including State, provincial and local roads) from 1870,%° and for
urban transport from 1890.%*! In the case of communication infrastructure, | have collected

information on the length of the telegraph network in each one of the so-called Secciones

239 Figures have been elaborated on the basis of the information available in MAEOP and AFT. Cucarella
(1999) offers provincial figures of railway infrastructure stock for the years 1845-1997 which are also based
on physical indicators and, therefore, are rather similar to those presented below. The main differencesin the
resulting pattern of geographical distribution come from the fact that, unlike this research, broad and narrow
gauge railways are weighted differently in Cucarella’'s estimates, which reduces the level of the railway
endowment indicatorsin those regions with a high share of narrow gauge railways.

249 | nformation comes from MAEOP up to 1920. For the period 1925-1935 no provincial data are available,
and figures of road mileage in 1930 have been obtained as the average between the data for 1924 and 1940,
in MAEOP and Ministerio de Obras Plblicas (1940), Vol. 1, pp. 200-201, respectively. For the first decades
of the period under study, figures on provincia and local roads are not completely reliable, due to the lack of
homogeneity in the statistical criteria that were followed in different provinces; on this subject see above,
Section A.2.1. On the other hand, my estimates do not include a few roads that were owned and managed by
private “societies’, which were especially relevant in the Basque Country. According to Alzolay Minondo
§1898), p. 91, for instance, there were 53 km of thiskind of roadsin Vizcayaat the end of 1897.

41 Datafrom MAEOP, AFT and RENFE (1958).
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(which roughly coincided with the Spanish provinces), and on the number of urban

telephone networks in each province.?*?

The geographical distribution of other types of infrastructure is not analysed here.
This is due to the fact that, in the case of ports, eectricity infrastructure and hydraulic
works, physical indicators do not provide meaningful information on each region’s relative
advantage in infrastructure endowment, because the location and size of those assets was
highly dependent on geographical features. For instance, in the case of ports, the provincia
figures available for length of walls were strongly influenced by the physical
characteristics of each province's coastline, because in certain regions natural barriers
made protection works less necessary. 2*® In the case of dams and electricity, the provincial
figures available for reservoir capacity or power capacity for the first third of the twentieth
century are not a sign of a good infrastructure endowment but mainly reflect the relief and
water resources of each province.?** In both cases, whereas the assets were usually
established in harsh and relatively poor locations, their economic benefits (via irrigation or
energy supply) were enjoyed by more or |ess distant regions.?*® The analysis in this chapter
focuses therefore on railways, roads, urban transport and the telegraph network, which
accounted for a share of between 64 and 92 per cent of the total infrastructure stock during

the period.

The comparison among the infrastructure endowment of different regions is not an
easy task, as it requires an appropriate index of the actual service capacity of each type of
infrastructure in each regional context.?*® For the so-called “point-type” infrastructure (i.e.,
those relatively small-scale assets such as urban transport, which are located inside
population centres), the available physical stock should be related to the population served.
On the contrary, in the case of large-scale transport and communication infrastructure,

which can be characterised as “space-serving” assets, network density (i.e. the ratio

242 Data on telegraph network length comes from the Estadistica Telegréfica de Espafia. The submarine
network has not been included in the analysis because its length cannot be compared with the length of the
aerial network. This absence introduces a downward bias in the estimates for the Balearic and the Canary
Islands. On the other hand, information on the number of telephone urban networks in each province comes
also from the Estadistica Telegréfica de Espafia and (from 1924 onwards) from the CTNE’ s annual reports.
243 Those figures are available in MAEOP and Junta Central de Puertos (n.d.).

244 | nformation on the location of each Spanish dam is available in Garrido Bartolomé (1968), and provincial
data of electricity power capacity has been kindly provided to the author by Isabel Bartolomé Rodriguez.

245 For instance, in the case of electricity, Huesca in Aragon and Lérida in inland Catalonia were among the
provinces with highest power capacity in the wake of the Civil War, but the energy produced there was
mainly consumed elsewhere, concretely in the industrial districts of coastal Catalonia and the Basque
Country.

246 On the problems of measurement of the service capacity of infrastructure, see Biehl (1991), pp. 19-21.
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between the length of the network and the surface of the service area) constitutes the most
adequate measure of service capacity.?*’ Increases in the density of a network are probably
the most direct way to reduce transport and communication costs, through reductions in the
average distance from each production or consumption point to the network, as well as

decreases in the average detour of paths through the network.

Obvioudly, density data only allows a preliminary approach to the service capacity
of large-scale networks. For instance, in the case of railways, service capacity aso depends
on a large series of technical features, such as the number of access points to the system
(stations, halts, stops, etc.), the extension of double track, gauge, curves, grades or
electrification. All those elements reduce transport costs by affecting the cost of joining the
network, travel speed and the average train load. However, in spite of their preliminary
nature, density figures offer a global picture of the quality of infrastructure endowment in
different regions and, in addition, they are probably the only data on which exhaustive

information can be obtained for most large networks.?*®

With these considerations in mind, different indicators of service capacity have
been elaborated for those types of infrastructure for which meaningful provincia data are
available. In the case of urban transport, service capacity has been measured by the ratio
between length of lines and urban population, whereas the capacity of the railway, road
and telegraph networks has been measured by the ratio between network length and

regiona surface.

Starting with the railway and road networks, which constituted the most important
investment during the period of analysis, Maps 3.1 to 3.6 show their density in each of the
Spanish provinces in the years 1870, 1900 and 1930. All these maps present a rather

similar picture. Firstly, both in the cases of railways and roads, infrastructure distribution

247 |bidem, p. 20. Network density is also called “coefficient of penetration” of a network; its inverse (the
area served by each km of the network) is called “coefficient of couverture”; see Laffut (1983), p. 206. The
use of network density is very widespread in comparative analyses; see, for instance, Liméo and Venables
§2000) or Canning et al (1994).

48 Accessibility/market potential indicators constitute an alternative approach to the quality of the
infrastructure endowment of an area. Those measures have already been used in the case of the Spanish
railways at the provincial level in the context of research that focuses i) on the determinants of industrial
location in nineteenth century Spain, such asTirado et al (2002), or ii) on the Spanish urban hierarchy, such
as Serrano Rodriguez (1999). However, in spite of their relevance in that kind of analyses, accessibility
measures have some drawbacks as indicators of infrastructure endowment, because they are highly dependent
on the geographical position of each area and tend to perpetuate the differences between core and periphery;
on those problems see Vickerman (1994), pp. 5-6, and, for the Spanish case, Serrano Rodriguez (1999), p.
888.
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among the Spanish provinces was very uneven, reflecting much higher regional disparities
than in other European countries at the time.?*® And, secondly, in all cases it is possible to
observe the high density of the transport networks both in the coastal provinces of
Catalonia and Valencia and in a cluster of provinces situated in the central-Northern area
of Spain: the Basgue Country, Navarre, La Rioja, Cantabria, Asturias, Madrid and the
central provinces of Castile-Leon. At the other end of the range, the inland and sparsely-
populated regions of Extremadura, Aragon and most provinces of both Cagtiles, as well as
the South-East corner of Spain and the Canary Islands, were quite poorly endowed during
the whole period under study. Finally, as happens with most regional economic variables,
Western Andalusiaand Galicia are difficult to integrate in that framework, since they were
well endowed with one type of infrastructure (railways in Andalusia and roads in Galicia)

but poorly endowed with the other.

249 For instance, in France, a country that is comparable to Spain in size, the coefficient of variation of the
railway density of the départements was 40% in 1907, whereas among the Spanish provinces it was 71% at
that time. Data on France in Price (1983), pp. 222-223; the département of Seine (i.e. the city of Paris) has
been excluded from the cal culation to keep the coefficients comparable.
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Map 3.1
Railway density in the Spanish provincesin 1870
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Map 3.2
Road density in the Spanish provincesin 1870
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Map 3.3
Railway density in the Spanish provincesin 1900
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Map 3.4
Road density in the Spanish provincesin 1900
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Map 3.5
Railway density in the Spanish provincesin 1930
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Map 3.6
Road density in the Spanish provincesin 1930

Road density in 1930
am per sg. km)

[] 140 to 200
[] z00 to zas
[] za9 to 03
Bl =03 to 409
Il 2o° to 851




The geographical distribution of Spanish infrastructure

Table 3.1 summarises the information in the maps and offers a preliminary
hierarchy of the Spanish regions according to their infrastructure endowment in 1870, 1900
and 1930. The table presents the density of the regional road and railway networks both in
absolute terms and normalised by the overall Spanish figure. An index of the regional
endowment of transport infrastructure is calculated as the weighted average of the
normalised railway and road network density figures, using as weights the relative
importance of railways and roads within Spanish total capital stock in each data. Regions
are arranged in the table according to that index. The table also offers the population
density of each region (normalised by the Spanish population density) and the average
network density of a sample of European countries, in order to better illustrate the
situation. 2>°

Table3.1
Density of transport networksin the Spanish regions (m per kn¥)
A) 1870

RWD RD RWD RD  weighted  Pop.
BG NG Totar SR PLR Tota | Norm. Norm. average density
Basque C. 35 0 35 3B 202 238 325 543 401 194
Rigja 27 0 27 68 24 a1 245 209 232 108
Madrid 26 0 26 68 13 81 241 185 221 214
Navarre 21 0 21 0 102 102 | 194 234 208 0
Cantabria 21 0 21 83 4 88 190 200 194 130
Catalonia 20 0 20 41 16 57 182 129 163 166
Valencian C. 15 2 17 35 19 ! 156 124 145 180
Balearic|. 0 0 0 35 91 125 0 287 100 174
Murcia 13 0 13 27 2 29 117 67 100 114
Castile-Leon 10 0 10 38 7 45 88 103 93 70
Andalusia 10 1 1 24 5 29 103 66 90 112
Castile-LaM. 11 0 11 23 5 27 102 63 88 49
Asturias 0 4 4 43 25 68 154 75 161
Aragon 8 0 8 22 2 23 71 %! 65 59
Extremadura 5 0 5 23 0 24 50 54 51 54
Galicia 0 0 0 58 2 61 0 139 49 195
Canary |. 0 0 0 13 6 19 0 43 15 112
SPAIN 11 0 11 32 12 44 100 100 100 100
EUROPE 25 351
St Dev. (%) 77.79 78.73
Correl. 0.60 0.45

20 1 the case of railways, the sample includes Austria, Belgium, Bulgaria, Denmark, Finland, France,
Germany, Great Britain, Greece, Hungary, Ireland, Italy, Netherlands, Norway, Portugal, Romania, Serbia
(only in 1870 and 1900), Spain, Sweden, Switzerland and, in 1930, Czechoslovakia, Poland and Y ugoslavia.
For roads, it is not possible to hold a constant sample for the three periods. In 1870, the sample includes
France, Netherlands, Norway and Spain; in 1900, Austria, Denmark, France, Hungary, Italy, Netherlands,
Norway, Portugal and Spain and, in 1930, Austria, Belgium, Czechoslovakia, Denmark, Finland, France,
Hungary, Ireland, Norway, Portugal, Spain, Sweden, Switzerland and the UK. Data on the network density of
the European countries come from a number of different sources that are described in detail in Chapter 4
(Tables4.210 4.5).
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B) 1900
RWD RD RWD RD  weighted Pop.

BG NG Tota SR PLR Tota | Norm. Norm. average density
Basque C. 37 48 85 0 268 268 324 291 311 231
Cantabria 21 37 58 166 23 189 | 219 205 214 137
Madrid 38 16 Y] 128 61 189 206 206 206 263
Catalonia 35 7 42 86 36 122 160 132 149 166
Vaencian C. 29 13 43 81 24 105 162 114 144 187
Rigja 27 0 27 152 14 165 | 101 180 131 102
Navarre 21 2 23 0 170 170 87 184 124 79
Balearicl. 0 24 24 70 9 161 91 174 123 169
Asturias 15 14 29 121 15 136 | 109 147 123 157
Castile-Leon 22 3 26 78 21 9 97 107 101 67
Andalusia 26 3 30 61 9 70 113 76 99 110
Galicia 18 0 18 97 21 119 69 129 92 184
Murcia 2 2 25 66 1 67 94 73 86 136
Castile-LaM. 17 1 17 66 3 69 67 75 70 48
Extremadura 19 1 20 51 1 52 &) 57 68 57
Aragon 15 1 16 66 2 63 62 74 67 52
Canary |. 0 0 0 37 0 37 0 40 15 134
SPAIN 22 5 26 71 21 92 100 100 100 100
EUROPE 58 413
St Dev. (%) 62.98 50.14
Correl 0.80 0.64

C) 1930
RWD RD RWD RD  weighted  Pop.

BG NG Totar SR PLR Total | Norm. Norm. average density
Basque C. 37 75 112 94 293 387 | 344 207 274 269
Cantabria 21 14 65 258 80 338 199 181 190 143
Madrid 38 27 66 183 121 304 201 163 182 371
Asturias 15 33 48 198 71 269 | 148 144 146 156
Balearic|. 0 44 4 211 73 284 | 135 152 144 156
Catalonia 37 13 50 158 82 240 154 129 141 186
Vaencian C. 32 19 50 149 81 229 154 123 138 176
Rigja 27 13 39 189 57 247 | 121 132 127 87
Navarre 21 19 40 45 192 237 | 123 127 125 71
Castile-L. 26 6 32 136 65 200 98 107 103 57
Murcia 2 8 30 130 71 201 92 108 100 120
Galicia 19 1 21 180 72 251 63 135 100 164
Andalusia 27 9 36 113 41 154 110 82 96 113
Aragon 19 6 25 12 20 142 77 76 76 47
Castile-M. 17 3 20 122 27 149 60 80 70 50
Extremadura 19 1 20 79 31 110 60 59 59 59
Canary |. 0 0 0 121 17 138 0 74 38 163
SPAIN 23 9 33 130 56 186 100 100 100 100
EUROPE 72 489
St Dev. (%) 60.85 32.42
Correl 0.86 0.65

RWD: Railway density (m per km?).

BG: Broad gauge network.

NG: Narrow gauge network.

RD: Road density (m per km?).

SR: State road network.

PLR: Provincia and Local road networks.

Correl: Correlation coefficient between RWD and RD (first figure) and between the average infrastructure endowment
and the population density (second figure).

Sources: seetext.
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Although the high internal provincial diversity of certain regions, such as Andalusia
or Castile-Leon, is hidden in Table 3.1, the impression that was obtained from Maps 3.1 to
3.6 is broadly confirmed. On the one hand, a number of Spanish regions seem to have
benefited from relatively dense networks during the whole period under study. Always
headed by the Basgue Country, this group included Madrid, the Mediterranean regions of
Catalonia and Vaencia and the Northern areas of Cantabria, La Rioja and Navarre.
Asturias and the Balearic Idands joined the group only in the first third of the twentieth
century. At the other end of the range, the Canary Idands, the inland regions of
Extremadura, Aragon and Castile-La Mancha and, especially for the first periods, Galicia,
aways had rather underdeveloped networks in the Spanish context.

The correlation coefficients included in the table indicate that the road and railway
networks had rather similar geographical distributions, especialy in 1900 and 1930. In
addition, inequality among regional infrastructure endowments seems to have gradually
diminished. In the case of railways, the standard deviation of the regional density figures
decreased until the construction of the network came to an end by 1900 and, in the case of
roads, the convergence process was much more intense and went on until the Civil War.?>*
The table also shows that the transport network density of the Spanish regions was rather
low in comparison with Europe as a whole. In fact, only the Basgue country enjoyed a
more dense railway network than the European average during the whole period, and no

region at all reached the “European” road density. 22

Of course, a high network density is not necessarily an indicator of a region's
advantage in infrastructure endowment, since the transport needs of an area vary
depending on a large range of variables, and may exceed the service capacity of the
available infrastructure even in the cases of the densest networks. Obvioudly, the most
basic indicator of the transport needs of an area is population density. From a very general
point of view, the most densely populated areas need denser networks than the most
sparsely-populated ones. In that context, the comparison between infrastructure

endowment indicators and population density figures in Table 3.1, which may also be seen

21 Cubel Montesinos and Palafox Gamir (1999), p. 56, offer the evolution of the coefficient of variation of
Cucarella' s estimates of the railway stock of the Spanish regions. According to those authors' figures,
convergence among regional railway endowments in stock terms was a constant process until the late 1910's
and stagnated thereafter, although it had very marked fluctuations during the whole period under study.

252 The table reflects agradual process of convergence between the Spanish and the “ European” road network
density, but it is to a large extent associated to changes in the European sample with which Spain is
compared. On this subject, see below, Section 4.4.
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in Graph 3.1, provides a very preliminary picture of the situations of relative excess or

shortage of infrastructure in each region.

Graph 3.1
Transport network and population density in the Spanish regions

A) 1870
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B) 1900
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According to the graphs, some regions might have had an “excess’ of infrastructure
in relative terms, whereas other areas might have suffered situations of relative shortage.
More concretely, the graphs seem to be consistent with the considerations of historians and
contemporaries on the privileged situations of some Northern areas, such as Cantabria,
Navarre or Castile-Leon, and on the disadvantage of other regions, such as Galicia and
Asturias. However, situations of shortage do not seem to have been confined to those
areas. Indeed, they appear to have aso affected other regions, such as the Canary Island,
the Valencian Community and, in the first decades of the twentieth century, Madrid,
although in this case the extremely high spatia concentration of the population of the

region makes the comparison with other areas difficult.

Table 3.2 offers information on the regional telecommunication endowments. For
the telegraph network, the table shows a much more even distribution across the Spanish
regions than in the case of railways and roads.?®® This may be related to the forces that
were behind the development of each type of infrastructure. As has been indicated by
historians, the expansion of the Spanish telegraph system was mainly driven by the State
according to political criteria®™* and, as a result, its distribution across the territory was
quite homogeneous. Nevertheless, the comparison between telegraph density and
population density show virtually the same situations of regiona advantage or
disadvantage as in the case of railways and roads. As for the second part of the table,
which reflects the geographical distribution of the telephone infrastructure, it tends to
confirm the picture just described in the cases of railways, roads and the telegraph,
although with some differences, such as the relatively good position of Castile-La Mancha
and (in 1920) Aragon or the low number of urban networks in Madrid. However, the
situation of the latter might again be largely explained by the high level of concentration of

the population of the region in asingle city.

253 The European sample that has been used in the case of the telegraph network is made up by Austria,
Belgium, Denmark, France, Germany, Hungary, Italy, Netherlands, Norway, Spain, Sweden, Switzerland and
the UK. See Chapter 4, Table 4.7, for details.

254 See Otero Carvajal (1995), pp. 133-136. According to this author, the good position of Madrid in 1900
was associated with the fact that the city was the centre of a network with a markedly radial structure,
whereas during the first third of the twentieth century that radial pattern tended to be replaced by a more
complex network much more balanced among provinces, within which Madrid had a much less prominent
position.
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Table3.2

Regional distribution of Spanish telecommunication infrastructure

A) Telegraph network density (m per kn¥)

1900 1930
Absolute  Norm. Pop. | Absolute  Norm. Pop.
density  density density | density density density

Madrid 141 245 263 ) 110 371
Basque C. 118 206 231 168 187 269
Catalonia 77 134 166 105 117 186
Valencian C. 74 128 187 154 171 176
Murcia 70 123 136 83 93 120
Cantabria 70 122 137 144 160 143
Rigja 66 115 102 126 140 87
Gdlicia 64 111 184 101 112 164
Andalusia 62 109 110 9% 105 113
Balearicl. 59 103 169 114 127 156
Asturias 55 % 157 97 108 156
Navarre 53 91 79 76 85 71
Aragon 52 9 52 87 97 47
Castile-Leon 48 84 67 77 57
Extremadura 45 79 57 76 59
Castile-LaM. 44 77 48 69 50
Canary I. 24 1 134 61 163
SPAIN 58 100 100 90 100 100
EUROPE 124 na
St Dev. (%) 41.65 29.75
Correl. 0.78 0.45

B) Urban telephone networ ks per 100,000 pop.

1920 1930
Basque C. 1.83 36.00
Cataonia 111 24.36
Navarre 182 23.13
Balearic . 1.77 12.86
Cadtile-M 1.46 11.66
Cantabria 0.92 11.26
Rigja 2.07 10.80
Asturias 0.94 9.35
Valencian C. 0.80 8.91
Andalusia 0.59 7.96
Murcia 0.78 7.44
Aragon 1.30 6.98
Castile-Leon 0.98 6.90
Canary I. 0.87 6.85
Madrid 0.94 6.79
Extremadura 0.66 5.99
Galicia 0.71 453
SPAIN 0.97 11.06

na: not available.

Correl.: Correlation coefficient between telegraph network density and population density.

Sources: see text.
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Finaly, the largest differences among regional endowments can be found in the
networks of urban and suburban transport. A first indication of that inequality is the fact
that tramways and underground railways were only built in 23 out of the 49 Spanish
provinces before 1936. Table 3.3 shows the length of urban and suburban transport lines
relative to urban population in 1900 and 1930, for those provinces in which such

255

infrastructure was built.“>> Provinces are arranged according to their relative endowment in

each of those two years.

Table3.3
Urban and suburban transport endowment in the Spanish provinces
(m of urban transport networks per 1,000 urban pop)

1900 1930

Vizcaya 1,064 Pontevedra 1,199
Guiplzcoa 498 Castellén 579
Castellén 477 Granada 555
Vaencia 234 Vizcaya 533
Madrid 233 Guiplzcoa 485
Canary |. 179 Asturias 481
Barcelona 159 Vaencia 263
Cantabria 157 Cantabria 210
Pontevedra 152 Madrid 175
Valladolid 107 Coruda 164
Balearicl. 105 Saragossa 159
Asturias 104 Valladolid 107
Seville 91 Alicante 106
Saragossa 89 Seville 93
Alicante 81 Canary |. 95
Murcia 63 Murcia 9%5
Malaga 49 Barcelona 0
Tarragona 35 Balearicl. 72
Corufia A Cadiz 67
Badajoz 25 Malaga 66
Cadiz 18 Jaén 55
Granada 17 Tarragona 27

Badajoz 11

Sour ces: see text.

Again in the case of urban transport, Madrid and the Northern and Eastern coasta
provinces were among the best endowed in the country. On the other hand, most of the
provinces of inland Spain are absent from the table, due to the absence of this type of
infrastructure during the whole period. It is tempting to suppose that the geographical

distribution of urban transport reflected the importance of urbanisation in each province.

2% Urban population figures come from the Spanish official population censuses; see definition and
estimation details in Section 3.3.
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However, many examples indicate that this was not so. For instance, some predominantly
rural provinces like Castellon (in the Mediterranean coast), or Pontevedra and Asturias (in
Northern Spain) had very well developed urban and suburban transport networks, whereas
highly urbanised provinces in the South of the country, such as Cadiz, Cordoba or Murcia,
were relatively badly endowed.

These examples, as well as the lack of correspondence between network density
and population density that has been described above, indicate that the access to
infrastructure was not evenly distributed among the Spanish regions. Since some areas
appear to have been unable to enjoy an adequate infrastructure endowment, this could have
constituted a factor of regional divergence in the Spanish economy, as the historiography
has often indicated. Analysing the role of infrastructure in the process of Spanish regional
divergence is not possible here, since it would require the application of a growth model to
the Spanish regional economies for which most necessary variables are not available.
Instead, the next section analyses the main determinants of the actual provincial
distribution of the main Spanish infrastructure during the late nineteenth and early
twentieth centuries. By doing so, it tries to shed some light on the explanation of the
inequality in factor endowments among the Spanish regions and, therefore, to help

explaining regional divergence itself.

3.3 An explanatory model for the provincial distribution of Spanish railways
and roads

The previous section has described a rather robust pattern of regional infrastructure
distribution, which seems to have been in force nearly aways and for al types of
infrastructure. Throughout the whole period, the Northern and Eastern coastal provinces of
the country and Madrid were always among the best-endowed areas, whereas the Canary
Isands and a large number of inland provinces aways remained at the bottom of the
ranking. As has been indicated, the reasons for that distribution are not obvious. In the case
of railways and roads, network density only had a weak relationship with the population
density of each area. And, in the case of urban and suburban transport networks, highly
urbanised provinces lagged behind some areas with a distinctly rural character. In that
context, this section is an attempt to explore some aternative explanatory hypotheses for
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the geographical distribution of the railway and road networks, which were the main

Spanish infrastructure of the period.

Within the existing regional analyses of infrastructure, little research effort has been
devoted to this issue. Instead, most regional studies have had a markedly normative
character, being mainly aimed at determining the optimal regiona pattern for infrastructure
investment, without paying attention to the explanation of its actual distribution at a certain
point of time.?*® Recently, however, two studies carried out by Rietveld and Boonstra and
Rietveld and Wintershoven have specified a model which may help to obtain such an

explanation. %’

Obvioudly, the design of such a model is a rather complex task, since it must
include a complete set of assumptions about the investors decision-making process. For
the sake of clarity, the aforementioned authors divide the determinants of the regional
endowment of infrastructure into “demand” and “supply” factors. On the one hand, from
the demand point of view, construction of infrastructure is said to respond to the perceived
need for infrastructure services or, in other words, to the ex ante expected level of use of
the assets. In the case of transport, a region’s need for infrastructure services depends on
several variables. As has already been pointed out, the most obvious one is population
density.?*® In sparsely-populated areas, the low expected level of traffic may not justify
building certain infrastructure, especialy if its construction is expensive, because it would
entail a waste of resources and a very high opportunity cost. Transport infrastructure
endowment is expected, therefore, to grow with population density. However, it is
expected to do so at a decreasing rate, for two reasons. On the one hand, beyond a certain
saturation point, increases in the density of transport networks may no longer be
functional.>>® And, on the other hand, the indivisible character of most large-scale transport

infrastructure necessarily produces some excess endowment in sparsely-populated areas.?®°

Secondly, the structure of the system of population centres also affects the level of
expected traffic of a future transport link. If population is highly concentrated in a small

number of large cities, traffic may also be expected to be concentrated on a few routes. On

256 Typical examples of this approach are Biehl (1984) and De laFuente et al (1994), pp. 176-195.

27 Rietveld and Boonstra (1995) and Rietveld and Wintershoven (1998). These authors apply their
conceptual framework to the analysis of the geographical distribution of railways and highwaysin the EU.

258 On the link between population density and the demand for transport infrastructure, see Chu (1997).

259 offut (1983), p. 206.

260 Rietveld and Wintershoven (1998), p. 266.
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the contrary, if the same amount of population is distributed throughout a large number of
small villages, traffic will aso be diverted to many different links. In that context, for a
given level of population density, the construction of expensive transport infrastructure

may be justified in the former case but not in the latter.

And, thirdly, income per capita and the structure of production also determine a
region’s need for transport services. On the one hand, the growth of income per capita
raises the demand for transport in severa ways, eg. by increasing the share of market-
orientated activities, the specialisation and concentration of production, or the purchasing
power of individuals (which increases the demand for passenger transport services). On the
other hand, some activities use transport services more intensively than others and, as a
consequence, the demand for transport in an economy aso depends on the share of each

sector within total outpuit.

Nevertheless, the expected use of infrastructure not only depends on the level of
regional demand but also on the interregional need for transport. Some routes may cross an
area just to connect two foreign regions, without meeting any internal need. In that context,
international borders and the sea may reduce the demand for infrastructure in a region,
because they diminish the potential number of interregional links that might cross the area.
Obvioudly, the importance of interregional demand is higher in the case of longest haul
transport infrastructure. Accordingly, it would be expected to be much more significant in

the case of railways than in the case of roads.

From the point of view of the supply of infrastructure, there are also a number of
factors that have a strong influence on the final level of investment. Firstly, the unit cost of
infrastructure construction may show wide variations among regions, depending on the
geographical characteristics of each area (i.e. its topographica difficulty), and also on the

regional differencesin prices of immobile resources.

Secondly, the final level of investment also depends on the financial capacity of the
potential investors. In the case of a purely private investment, capital mobility across
regions may partially eliminate the constraints associated with this factor. On the contrary,
in the case of public or subsidised investment, the financial capacity of the public
ingtitutions which are in charge of either the investment or the subsidy may set a budget
constraint on the process of construction. As a consequence, broad differences in the

investment capacity of different regions may arise due to such factors as the institutional
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framework or the level of income per capita of each region (which would affect the level of

regional tax returns).?%!

The aforementioned authors also include, among the supply factors, the possibility
of the objective function of the public sector to include goas other than efficiency.
Usually, those non-efficiency objectives are related to equity considerations (such as
achieving a similar infrastructure endowment in al regions), a better political control of the
territory, or short-term goals (i.e. stimulating stagnant regional economies through public
work construction expenses). In addition, the public decision-making process may aso be
influenced by particular interests and rent-seeking strategies, or by regional differences in
the socio-political structure and in the prevailing relationships between voters and

politicians.

In the rest of this section the influence of those determinants on the geographical
distribution of infrastructure is tested in the cases of Spanish railways and roads throughout
the period 1860-1930, on the basis of a pool of cross-section and time-series data which is
used to estimate a model through panel data techniques. All variables have been measured
a the provincia level and in the first year of each decade. Finding indicators of all those
variables has not been an easy task. Regarding the provincia demand for transport,
information has been collected on population density, the degree of urbanisation and the
level and structure of the industrial sector in each province. However, whereas the
influence of population density on infrastructure demand is straightforward, urbanisation
and industrialisation rates may allow different interpretations. On the one hand, the rate of
urban population is an indirect indicator of the size and structure of population centres, but
it may aso be considered a proxy for the level of provincia development, since, ceteris
paribus, urbanisation tends to increase with economic growth.?®?> On the other hand, the
level and structure of provincial industrialisation affect the demand for transport services
because, as was indicated before, different industries use transport with different intensity.
But, at the same time, the degree of industrialisation is also a proxy for the level of
development, as was stressed by Kuznets in his classica approach to modern economic

growth. %% As no provincial estimates of income per capita are available, and the reliability

261 The ways in which the institutional framework may alter the final level and structure of infrastructure
investment are dealt with in Gramlich (1994), pp. 1189-1193.

262 gee for instance, Bairoch and Goertz (1986), pp. 298-299.

263 K uznets (1957), pp. 10-11.
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of the existing regional figures is uncertain,?®* urbanisation and industrialisation rates have
also been taken here as second-best indicators of the Spanish provinces level of

devel opment.

Information on population density and urbanisation rates at the provincial level has
been obtained from the official Spanish population censuses.?®® In a first approach,
population has been considered urban in the case of municipalities 10,000 or larger.
However, urbanisation rates calculated in this way may be misleading for some provinces,
due to the fact that Spanish municipalities were usually made up of a main population
centre and some subordinated small hamlets. As a consequence, in some cases (especialy
in the Northern regions), large municipalities might contain no urban centre but only a
great number of small villages. In order to make up for this problem, those municipalities
with more than 10,000 population, but which lacked a significant number of high (i.e. 3 or
more floors) buildings, or which included more than ten population centres, or whose main

centre was smaller than 5,000 people, have not been considered as urban. 2%°

Provincia industrialisation is not so easy to approach as the share of urban
population, since no industrial censuses were carried out in Spain during the period under
study, and no historical estimates of industrial output are available at the provincial level.
As a second-best option, two alternative indirect approaches to the provincial degree of
industridlisation are possible. Firstly, most population censuses tried to classify active
population among sectors of activity. Those attempts, however, were not free from serious
conceptual problems. Apart from the fact that aggregation criteria widely varied among
different censuses, the sector of activity was not properly identified for numerous wage

labourers and, especialy, for women, for whom census data have been said to be totally

264 Alvarez Llano (1986) offers estimates on the share of each region within Spanish GDP in 1802, 1849,
1860, 1901, 1921, 1930, 1940 and 1950, which would allow the calculation of figures of regional GDP per
capita. Alvarez Llano’s estimates, however, are described by the author himself as very rough, and other
historians have been very reluctant to use them. Carreras, for instance, has indicated that, despite not being in
conflict with the available evidence on the period, Alvarez Llano's figures can only be taken as mere
suggestions, due to the lack of information on the estimation methods and the bizarre behaviour of certain
regions; see Carreras (1990a), pp. 6-8, and also Zapata Blanco (2001), p. 562. Alvarez Llano’s figures are
included in Table 3.4 to offer amore compl ete picture of the economic characteristics of the Spanish regions,
but they have not been used in the estimation of the model.

265 Data from the 1860, 1877, 1887, 1900, 1910, 1920 and 1930 censuses has been used. For 1880 and 1890,
data comes from the 1877 and 1887 censuses, respectively, and, for 1870, a geometric interpolation of the
1860 and 1877 figures has been calcul ated.

266 All this information is available in Luna Rodrigo (1988). As this author warns, urbanisation rates
calculated in thisway are not completely free from shortcomings, mainly due to the technical problems of the
Spanish censuses. However, with these three corrections, the most serious distortions are avoided.
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meaningless.?®’ Nevertheless, keeping in mind the shortcomings of those data, the
percentage of industrial workers within total population has been calculated for the

censuses that were carried out between 1877 and 1930.268

A second approach to the level and structure of industrialisation is available from
data on the main industria tax (the industrial section of the Contribucion Industrial y de
Comercio).?®® The collection of that tax was based on each company’s holdings of a
representative asset, so that the amount collected reflected the value added produced by the
company. Unfortunately, the Contribucion Industrial was not applied in the Basque
Country and Navarre during the period of study, and this absence substantially reduces the
usefulness of the indicator. In addition, data for the remaining provinces must be used
carefully because there is not enough guarantee that the coefficients applied to the
companies assets properly reflected their relative productive capacity. That problem may
cause the importance of certain sectors and regions within the Spanish industry to be
different from their contribution to the tax returns.?’® Besides, fraud and exemptions could
aso increase the biases in sectoral and regional figures.>’* Finally, from 1910 onwards, the
largest industrial (joint-stock) companies were burdened with a different tax (the
Contribucion de Utilidades), which had the additional problem that the firms fisca

267 One of the main reasons for these problems was the fact that, very often, rural workers were
simultaneously involved in several different sectors of activity in nineteenth and early-twentieth century
Spain. On the shortcomings of Spanish census figures, see Nicolau (1989) or Pérez Moreda (1999), pp. 54-
56.

268 This would be equivalent to estimating the percentage of manufacture workers within active population
because, according to Pérez Moreda (1999), p. 53, the importance of the “active age cohorts’ within total
g)opulation did not change during the period under study.

%9 There is abundant research into the structure of Spanish industry that relies on those data. See, for
instance, Nadal Oller (1987), Betran Pérez (1997), Sudria Triay (1997b), as well as most articles in Nadal
Oller and Carreras (1990).
270 pifferences could increase gradually as time went by, due to the high inflexibility of the Spanish fiscal
system, which was to alarge extent based on the administrative determination of the amounts to be collected
(the so-called cupos), with very little consideration of statistical information. On this subject see, for instance,
Artola (1986), or Comin Comin (1996), p. 81. However, from Sudrid's point of view, the influence of this
problem on the picture of the Spanish industrial structure resulting from the Contribucién Industrial data
would not be very serious, because “it is plausible that calculation mistakes tended to be distributed in a
randomway” ; see Sudria Triay (1997b), p. 405.
271 some local studies, however, have found quite alow level of fraud in the statements of the firms’ assets,
which can be explained for two reasons. On the one hand, statements were signed by Local Councils. And,
on the other hand, the fiscal weight of the Contribucion Industrial was always lower than the share of the
industrial sector on Spanish GDP, which may be considered an indication of the relatively low importance of
the Contribucién Industrial for producers; see Comin Comin (1996), p. 117. Insofar as exemptions are
concerned, according to Sudria Triay (1997b), pp. 405-406, the most important ones were tobacco production
(which was a public monopoly during the period under study) and some cotton firms, which were classified
as agrarian due to their rural location. However, Carreras (1983), pp. 55-56, has indicated that the second of
these two problems seems to have been irrelevant.
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address did not always coincide with the location of their factories.?’? Keeping all these
problemsin mind, provincial data on the returns of the Contribucién Industrial up to 1905,
and Betrdn's estimates of the joint returns of the Contribucion Industrial and the
Contribucion de Utilidades in 1913 and 1929 have been gathered to proxy the
geographical structure of Spanish industry between 1860 and 1930.%73

Regarding supply factors, provincia differences in the cost of infrastructure
construction may be approached through the information on road construction costs in each
province which was published in MAEOP for most years between 1873 and 1924.2"*
Unfortunately, these figures again exclude Navarre and the Basque Country, where the

main road networks were not constructed by the State but by the Provincial Diputaciones.

Other supply variables are more difficult to approach than construction costs.
Regarding the financial capacity of local investors, information on provincial and local
public ingtitutions’ budgets is only available for the period before 1886 and for a few years
between 1917 and 1927.27° For the whole period under study, it has only been possible to
take into account the particular fiscal situation of the Basque provinces and Navarre. Those
four provinces benefited from a great fisca autonomy, as they were responsible for the
management of the whole tax system. The Spanish State only took part in the process as a
passive recipient of a previoudly established yearly amount of money. According to the

available data and some contemporary opinions, that system enormously improved the

272 On the other hand, the Contribucién de Utilidades had the advantage that it was also applied in the Basque
Country and Navarre.

273 See Betran Pérez (1997). This author’s estimates are the result of exhaustive research into the actual
location of the companies that were affected by the Contribucion de Utilidades in 1913 and 1929. Betran's
data has been used as representative for the structure and level of provincial industry in 1910 and 1930,
respectively. For 1860, 1880 and 1890, the returns of the Contribucién Industrial in 1856, 1878/1879 and
1889/1890, have been used. For 1870 and 1900 geometrical interpolations of the returns of 1863 and
1878/1879, and 1895/96 and 1905, respectively, have been calculated. All this data comes from EACI.

274 Only cost figures for “third category” roads have been used, due to the scarce construction activity in
other categories during the time sample. They cannot be directly aggregated by provinces throughout the
whole period under study, due to price changes and the heterogeneity among cost figures for different years
(as expropriation is included only in some cases). Therefore, for each year, provincial unit costs have been
normalised by the Spanish figure and a weighted average of all normalised yearly values has been obtained
for each province, in which weights are based on the number of km that were constructed each year.
Differences among provinces in construction costs have been assumed to be the same in railways and in
roads, since the most important cost determinants were the same in both networks (i.e. topography and land
and labour prices).

273 That information is available in AEE and Resefia Geogrfica y Estadistica de Espafia (1888).
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financial situation of the provincial and local public institutions of those four provinces,

compared with the rest of the country. 2"

Finaly, still from the “supply” point of view, in an aggregate analysis it is virtualy
impossible to measure deviations of public policy from geographically optimal investment
criteria and, as a consegquence, some unexplained residual of the provincia distribution of
investment would be related to a hypothetical uneven distribution of those deviations

among the Spanish provinces.

Table 3.4 compares the regional relative endowment of railways and roads (which
has aready been presented in Table 3.1) with the main characteristics of each region at
three points of time. Regions are arranged according to their average infrastructure
endowment, and the correlation coefficients between each variable and the endowment of
rallways and roads are presented in the last two rows of the table. According to those
figures, there was quite a high correlation between the railway endowment of each region
and its main economic characteristics during the whole period under study, with the only
exception of the rate of urbanisation. On the contrary, the distribution pattern of the road
network was rather independent from most economic variables at the beginning of the
period and it only gradually converged with population density, the level of
industrialisation and income per capita although, similar to railways, it remained unrelated

to regional figures of urbanisation.

276 gee for instance, Alzolay Minondo (1979), p. 41. This opinion seems to be confirmed by the information
available on provincial and local institutions' budgets (see below, Table 3.4).
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Table3.4
Infrastructure endowment and structural characteristics of the Spanish regions
A) 1870
RWD RD Weigh. Pop. Urb. Industrial Ind. Income Fiscal Unit
Norm. Norm. average | density?! rate tax p.c? A.P. p.c*  capacity  cost
(%) (%)° p.c’
Basque C. 325 543 401 62 15 na 2 109 19 na
Rioja 245 209 232 35 7 117 14 93 9 112
Meadrid 241 185 221 69 66 129 21 307 27 74
Navarre 194 234 208 29 10 na 12 9 13 na
Cantabria 190 200 194 42 16 A 16 107 10 133
Catalonia 182 129 163 53 31 272 29 124 11 141
ValencianC| 156 124 145 58 27 0 18 70 8 108
Balearic . 0 287 100 56 32 101 23 87 9 69
Murcia 117 67 100 37 68 57 17 78 5 84
Castile-L. 83 103 93 23 7 85 10 86 8 81
Andalusia 103 66 90 36 39 %5 20 114 10 113
Cadtile-M. 102 63 88 16 8 73 11 A 8 64
Asturias 33 154 75 52 11 56 7 61 4 184
Aragon 71 54 65 19 11 68 13 102 9 102
Extremadurg 50 54 51 17 8 68 9 81 8 97
Galicia 0 139 49 63 7 a4 9 51 4 9%
Canary |. 0 43 15 36 12 13 1 53 4 166
SPAIN 100 100 100 32 22 100 16 100 9 100
StDev.(%)| 77.79 78.73 41.63 89.13 63.88 39.34 56.32 5742 3231
Correl RW 0.25 0.20 0.58 0.48 0.52 0.72 -0.11
Correl R 0.52 -0.05 031 0.39 0.16 0.53 -0.09
B) 1900
RWD RD Weigh. Pop. Urb. Industrial Ind.A.P. Incomep.c. Unitcost
Norm. Norm. average | density rate tax p.c® (%)
(%)
Basque C. 324 291 311 85 29 491 35 123 na
Cantabria 219 205 214 51 25 87 20 129 133
Madrid 206 206 206 97 74 97 23 219 74
Catalonia 160 132 149 61 1 300 27 154 141
VdendanC. 162 114 144 69 37 85 16 R0 108
Rigja 101 180 131 38 10 86 16 A 112
Navarre 87 184 124 29 9 80 11 103 na
Baearic . 91 174 123 62 A 46 22 81 69
Asturias 109 147 123 58 15 84 14 95 184
Castile-L. 97 107 101 25 9 44 9 92 81
Andalusia 113 76 99 41 11 R0 17 88 113
Galicia 69 129 92 63 9 24 8 67 95
Murcia 94 73 86 50 81 51 10 72 84
Caslile-M. 67 &) 70 18 15 63 13 87 64
Extremadura 75 57 68 21 16 43 11 71 97
Aragon 62 74 67 19 15 54 13 104 102
Canary I. 0 40 15 49 27 13 16 66 166
SPAIN 100 100 100 37 29 100 16 100 100
StDev.(%) 6298 50.14 46.76 75.28 115.39 42.78 37.29 32.31
Correl RW 0.63 0.30 0.79 0.77 0.62 -0.03
Correl R 0.59 0.02 0.63 0.66 0.54 -0.02

155




The geographical distribution of Spanish infrastructure

C) 1930
RWD RD Weigh. Pop. Urb. Industrial Ind. Income Fiscal Unit
Norm. Norm.  average density rate tax p.c.’ A.P. p.c. capacity cost
(%) (%) p.c?

Basque C. 344 207 274 126 45 291 51 143 na na
Cantabria 199 181 190 67 31 162 40 87 95 133
Madrid 201 163 182 173 81 174 51 119 214 74
Asturias 148 144 146 73 19 108 46 82 82 184
Balearic . 135 152 144 73 42 52 37 98 76 69
Catalonia 154 129 141 87 4 322 50 180 175 141
VéencianC. 154 123 138 82 44 88 35 121 96 108
Rioja 121 132 127 40 23 116 32 0 106 112
Navarre 123 127 125 15 74 21 111 na na
Cadtile-M. 60 107 103 26 23 27 25 83 69 64
Murcia 92 108 100 80 30 32 71 71 &4
Galicia 63 135 100 12 17 26 64 52 95
Andalusia 110 82 96 50 51 27 76 0 113
Aragon 77 76 76 21 115 31 102 100 102
Cadtile-L. 98 80 70 23 13 7] 27 0 88 81
Extremadura 60 59 59 28 26 20 28 76 73 97
Canary I. 0 74 38 76 3 15 49 62 na 166
SPAIN 100 100 100 47 38 100 34 100 96 100
StDev.(%) 60.85 32.42 60.18 58.90 92.50 2849 31.22 4388 31.35
Corrdl RW 0.61 0.34 0.78 0.52 0.64 0.65 0.02
Correl R 0.66 0.29 0.62 0.43 041 0.33 0.06

RWD Norm: railway density (m per knf), normalised by the Spanish average.

RD Norm: road density (m per knf), normalised by the Spanish average.

Ind. A.P.: share of male active popul ation engaged in the secondary sector.

Fiscal capacity p.c.: total expenses of local and provincial public institutions per capita (pesetas).

Unit cost: average of the normalised road construction costs of the provinces within each region.

Correl RW and R: correlation coefficient between each variable and railway and road density, respectively.
Notes: na: not available; (1) population figures for 1870 are obtained by geometrical interpolation of data
from the 1860 and 1877 censuses, (2) industrial fiscal returns in 1870 are obtained by geometrical
interpolation of data on 1856 and 1878/1879; (3) in 1877; (4) in 1860; (5) in 1865/66; (6) for 1900, industrial
tax information is completed with Parejo’ s estimates for the Basque Country and Navarre (see Zapata Blanco
(2001), p. 579); (7) in 1929; (8) in 1927.

Sources: for railway and road density see above, Section 3.2; population density and urbanisation rate from
the official population censuses and Luna Rodrigo (1988); industrial tax per capita from EACI, Zapata
Blanco (2001), p. 579, and Betran Pérez (1997); industrial active population from Zapata Blanco (2001), p.
568; income per capita, from Alvarez Llano (1986); local and provincial fiscal capacity from AEE; unit
construction cost from MAEOP.

As has been indicated, these variables have been used to estimate a model of the
geographical distribution of Spanish railways and roads for the period 1860-1930. Tables
3.5 and 3.6 show the outcomes of the estimation of that model for the whole railway and
road systems, and aso for their main components, i.e. broad and narrow gauge railways,
and State and non-State roads.

Demand variables (i.e. population density and the rates or urbanisation and
industrialisation) have been included in the specification with one lag. Otherwise, the

estimation might have problems of reverse causation, since a more abundant infrastructure
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endowment may foster economic and demographic growth. In the case of population
density, a quadratic term has also been incorporated to account for the fact that

infrastructure density is expected to increase at a decreasing rate with population density.

For each network (i.e. total, broad gauge and narrow gauge railways, and total,
State and non-State roads), Tables 3.5 and 3.6 offer the estimation of three different
versions of the model, depending on the information that is taken as a proxy for provincial
industrialisation. The first version uses the share of industrial active population as
explanatory variable, whereas the other two specifications are based on the fiscal data of
the Contribucion Industrial, which are firstly taken aggregated and secondly disaggregated
into four sectors (food processing, textile industries, metal and chemical industries, and

other industries).

All estimations include the construction cost variable.?’” In addition, as has already
been indicated, a dummy variable that reflects the particular fiscal situation of the Basque
Country and Navarre has been included, although only in the first specification. As noted
earlier, the Contribucion Industrial, which is used as a proxy for industriaisation in the
second and third specifications, was not applied in the four autonomous provinces and,
therefore, in those two specifications it is not possible to incorporate the “fiscal” dummy

because the Basgue provinces and Navarre are excluded.

In order to account for the hypothetical influence of interregional demand (or, in
other words, for the presence of interregional spillovers) a spatial autoregresive model has
been incorporated in the specification. Asis customary in this sort of exercises, the spatial

AR model has been specified as:
Ay=Xb+ e
A=1-gW

where W is a “rowsum=1 standardised” weight matrix that reflects the spatial
structure of the data. In this case, the entries of W equal 1 if two provinces are contiguous
and O otherwise. In the same direction, in order to take into account the contiguity of the

province to the sea or to the French or Portuguese borders, two additional dummy variables

277 11 the cases of the Basque Country and Navarre, the construction cost levels of similar contiguous
provinces have been applied.
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have been included that take the value 1 in coastal and border provinces, respectively, and
the value O otherwise.

Estimates in Tables 3.5 and 3.6 are feasible generalised least squares, which are
robust to the presence of cross-section heteroskedasticity.?’® Given the large number of
provinces compared with the short number of time periods, no individual effects have been
included in the model, and the individual residuas have been assumed to be randomly
distributed. Otherwise, the number of parameters to estimate would have grown
disproportionately. However, all specifications incorporate time effects when they are
significant, in order to correct for the fact that the networks were in different stages of
construction throughout the sample period. Finaly, given the extreme inertia of
infrastructure series, most specifications include one or severa lags of the dependent

variable.

278 Despite including a spatial autorregresive term, the model has not been estimated by maximum likelihood
because this estimation method is not recommended in panel data models such as this one, with arelatively
small number of observations; see Anselin (1988).
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Table 3.5. The determinants of the provincial distribution of Spanish railways

Tota Network

Broad Gauge Railways

Narrow Gauge Railways

Varigble @ &) (©) (€] 2 (©) (©) 2 (©)
Constant 0.735 2.594* 3.332+* 2.247** 1.696* 1.920* -0.869* -2.338** -0.888**
(0.737) (2.006) (2.660) (3.427) (2.371) (2.438) _(-2284) ___ _{ (4.839)_ _ (-2.727)
Population density 0.151** 0.166** 0.185** 0.042* 0.117** 0.130** 0.046 0.102** 0.060**
(3.892) (4.435) (5.430) (2.148) (3.597) (3.307) (1.880) _(5506)_ _ (4.479)
Popul ation density sg. -0.001* -0.001** -0.002** -0.0002* -0.001** -0.001** -0.0001 -0.001** -0.0004**
(-2.571) (-4.844) (-7.451) (-2.144) (-2.857) (-2.720) (-0.633) (-4.359) (-3.852)
Urbanisation rate -0.029* 0.020 0.029** 0.014* 0.017* 0.026** -0.004 -0.003 0.007
(-2.339) (1.866) (2.789) (2.190) (2.193) (2.661) _(-0550) (-0.525) (1.137)
Industrial active population. 0.015* 0.003 0.008"
(2.225) (0.984) (2.078)
Industrial tax returns per capita 0.004** 0.002** 0.001**
(7.380) (2690 0 | ___________ (5752)__
Food processing -0.002** -0.0003 -0.0005
(-3.383) (-0.724) (-1.567)
Textileindustries 0.002** 0.001 0.0004**
(5.260) (2.900) (4.883)
Metal and chemical industries -0.0002 -0.0001 0.0004
(-0.234) (-0.210) (1.616)
Other industries 0.003** -0.0003 -0.0001
(2.718) (6326) | _____ (-0.334)
Construction cost -0.007 -0.014 -0.020 -0.007 -0.019** -0.020** -0.003 0.002 -0.003
(-0.767) (-1.095) (-1.644) (-1.623) (-3.099) (-2.653) (-0.779) (0.581) (-1.092)
Fiscal dummy 5.105 -0.970** 5.527
(1.065) (-2.964) __@2099__ __________
Railway density in contiguous 0.047* -0.051 -0.031 0.061** 0.077** 0.098** 0.070** 0.230** 0.145+*
provinces (1.986) (-1.588) (-0.943) (3.053) (2.843) (3.153) (2.861) (4.988) (3.972)
Sea -1.036 -0.142 -0.143 -0.132 -0.626 -0.576 -0.416 -1.159** -0.272
(-1.362) (-0.145) (-0.146) (-0.282) (-0.180) (-0.947) | _(-0.207) ___ _ (-4.050) _ (-1.062)
Border 0.209 0.755 0.998 0.846** 1.553** 1.627+* 0.008 -0.188 -0.218**
(0.511) (1.156) (1.559) (3.294) (4.735) (4.509) (0.094) (-1.855) (-2.853)
Adj R 0.94 0.95 0.96 0.99 0.98 0.97 0.85 0.93 0.86
Durbin-Watson statistic 1.92 179 1.80 1.83 181 1.80 2.29 2.17 2.23
No of lags of the dependent variable 1 1 1 3 2 2 1 3 3
T 5 5 5 5 4 4 5 4 4
No of observations 245 225 223 245 180 178 245 180 178
Time sample 1890/1930 1870/1920 1870/1920 1890/1930 1890/1920 1890/1920 1890/1930 1890/1920 1890/1920
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Total Network State Roads Provincial and Local Roads
Variable (€] 2 3 1) 2 3 €] 2 ©)]
Constant 22.978** -2.522 -1.574 23.094** 17.769** 11.261** 13.315%* -5.368** -3.310*
(5.168) (-0.699) (-0.736) (5.901) (4.342) (4.256) _ (8535 (-4.193) (-2.309)
Popul ation density 0.562** 0.448** 0.226 0.007 0.253** 0.341** 0.373** 0.150* 0.276**
(5.261) (3.518) (1.681) (0.048) (3.507) (4.385) (3.666) (2.516) (3.870)
Popul ation density sg. -0.002** -0.003** -0.001 0.001 -0.001** -0.002** -0.002* -0.0002 -0.001
(-3.175) (-2.745) (-1.196) (0.582) (-2.887) (-2.981) (-1.997) ____(-0.292)_ _ (-1.920)
Urbanisation rate -0.132 -0.017 0.007 -0.075** -0.073* -0.115** -0.090** -0.033* -0.054**
(-3.907) (-0.315) (0.251) (-2.724) (-2.154) (-2.797) _ (4255 (-2.372) _ (-3.368)
Industrial active population. 0.014 -0.005 0.019**
(1.102) (-0.821) (3.287)
Industrial tax returns per capita 0.004 0.001 0.004**
(0.823) (0.438) (5.130)
Food processing -0.001 0.002 -0.0004
(-0.872) @ny | __ (-0.682) |
Textile industries -0.002x* 0.001 0.002
(-1.043) o8y | _ (1626) |
Metal and chemical industries -0.0002 -0.001 0.001
(-0.152) (o680 | _ ______ _ (1.460) |
Other industries 0.013** 0.003 0.003*
(5.162) (1.161) (2.592)
; -0.020 -0.066** -0.046** -0.028* -0.054** -0.052** 0.000 -0.004 -0.037**
Construction cost (-0.883) (-2.781) (4168, | (2157) (-3.156) (-3.133) 0009 (0573 (-3.655)
Fiscal dummy -4.709 -1.555 7.633
(-0.540) (-0.298) (0.563)
Road density in contiguous 0.060** 0.091** 0.108** -0.011 -0.055 -0.039 0.005 0.088** 0.145**
provinces (2.674) (2.836) (5.156) (-0.656) (-1.952) (-1.728) (0.278) (3.225) (3.972)
Sea -5.489 -0.670 -4.115%* 2.058** 1.788 0.011 -5.079 -3.071*%* -3.251**
(-2.680) (-0.317) (-3.468) (2.963) (1.505) (0.009) _ (5281 (-3.775) _ (-3.466)
Border -1.750 4.077** 3.142%* -2.835 -1.712 -1.940* -0.707 1.950** 1.798**
(-1.564) (2.736) (3.879) (-1.764) (-1.905) (-2.342) (-1.079) (5.159) (3.199)
Adj R 0.98 0.99 0.99 0.98 0.97 0.98 0.92 0.88 0.90
Durbin-Watson statistic 2.08 1.94 1.96 1.88 1.69 1.77 1.71 1.75 1.72
No of lags of the dependent variable 3 3 3 2 3 2 2 1 2
T 4 3 2 5 4 4 5 4 4
No of observations 196 135 90 245 180 178 245 180 178
Time sample 1900/1930 1900/1920 1900/1910 1890/1930 1890/1920 1890/1920 1890/1930 1890/1920 1890/1920

Notesto Graphs 3.5 and 3.6: t-ratios in brackets; * 5 per cent significance level; ** 1 per cent significance level.
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Regarding the origind hypotheses of the mode, the outcomes of the estimation are
mixed. The most robust results are associated with the impact of population density on
infrastructure, which is positive, significant and decreasing in virtually al cases. In contrast,
the coefficients of the urbanisation and industrialisation rates vary broadly among the
different specifications of the model. On the one hand, urbanisation rates only have a positive
impact on the distribution of broad gauge railways, whereas they have a negative effect on
road investment. On the other hand, the level of industridisation has a positive and significant
impact on railways and local and provincia roads, but no effect on the provincia distribution
of the main road network. When industry is divided into different sectors, food processing
seems to have a negative impact on railway dendty, and textile industries and the residua
category of “other” industries seem to stimulate both railway investment and the construction
of loca and provincid roads. No significant impact associated with the most advanced

industries (i.e. metal and chemical manufacturing) is found for any of the networks.?”

As for the so-called “supply” variables, differences in construction costs are only
significant in the cases of broad gauge railways and State roads, and the specia fiscal
situation of the Basque Country and Navarre did not seem to have any positive effect on their
infrastructure endowment. Finally, spatia spillovers are found in nearly al cases, with the
only exception of State roads. The coastal nature of the province has a negative effect only in
the case of loca and provincia roads and, surprisingly, the proximity to the French or
Portuguese borders seems to have a postive influence on the development of broad gauge

railways and secondary roads.

On the basis of these estimates, a number of explanations may be suggested for the
geographical pattern of Spanish railway and road networks during the period under study.
Starting with the railway system, provincia levels of infrastructure endowment appear to have
responded quite closely to demand stimuli. They clearly increased with population density
(dthough a a decreasing rate, as expected) and adapted quite well to the level of
indudtridlisation of each area, except in those cases in which food processng was
predominant, possibly reflecting the traditional nature of a large share of this sector.

Therefore, insofar as the level of industriaisation is a proxy for the level of income per capita

219 At least in part, the lack of significance of the variable “metal and chemical industries’ may have been
produced by the absence of the Basque Country from the respective regressions, since a large share of the
Spanish metal industry was situated in that area during the period under consideration.
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of each province, it is possible to suggest the presence of a direct relationship between

economic growth and railway density.

A high level of spatia autocorrelation is present in the railway network as a whole and
in each one of its components. This may be easily understood in the case of broad gauge
railways, which had a marked long-haul orientation. In that case, spatial autocorrelation might
be an indication of the importance of interregional demand, because sparsely-populated or
poor provinces which were situated in the proximity of rich or highly-populated areas would
have been crossed by interregional links. However, the strength of spatial spillovers in the
endowment of narrow gauge railways is more difficult to account for, because most narrow
gauge lines were short-distance oriented. In this case, spatia autocorrelation might reflect the
fact that provinces with a high level of economic development and, therefore, with a rich
infrastructure endowment, tended to be clustered in certain locations throughout the Spanish
geography, such as the Mediterranean and the North, as was described in Section 3.1.

There are some interesting differences between the estimation outcomes for broad
and narrow gauge railways. On the one hand, urbanisation had a positive effect on the
endowment of broad gauge railways but it had no influence on the narrow gauge network.
On the other hand, high construction costs seem to have discouraged the construction of
broad gauge railways, %% but not of narrow gauge ones. These differences between the two
raillway networks are consistent with the relative cheapness of the construction of narrow
gauge lines, which were therefore better adapted to areas with difficult terrain and a
predominantly rural population (i.e. where transport demand was distributed among a
relatively large number of links). The predominance of narrow gauge in mining railways,
which were mainly constructed through rural and topographically difficult areas, is an

illustration of that situation.

The determinants of the spatia distribution of Spanish roads appear to have been
different. As in the case of railways, network density increased at a decreasing rate with
population density. But other demand variables had a less positive effect. Firstly, the
coefficients of the level of urbanisation are negative and significant in the regressions for
the main and secondary networks. This negative relationship might probably reflect the
public effort to bring the road network to the largest possible number of people. In the

280 This outcome i's consistent with the importance that is given to construction costs in the explanation of the
regional distribution of broad gauge railways by Cordero and Menéndez (1978), pp. 183-184.
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provinces where population was disseminated, and in which railway construction was
prevented by the dispersion of transport demand, the road network had to be denser just to
serve the same share of population as in urban provinces. This situation was to be found
particularly in some Northern areas of the country, such as Galicia, Asturias, Cantabria, the
Basque Country or Navarre, where people used to live in relatively small centres and
where, as a result, the road network had to be denser if it was to serve the transport needs

of the population of the area.

Secondly, the influence of the level of industrialisation can only be noticed in the
case of the provincia and local road networks, which seem to have adapted to the level of
development of each area much better than State roads. This is consistent with the fact that
the growth of the secondary networks depended on local resources during most of the
period under study. Probably, if a better fiscal variable had been available to account for
differences in public budget constraints among provinces, it would have partially absorbed
the effect of the level of industrialisation. In addition, this confirms the presence of
political ams in the design of the State network, which was much more oriented to serve
the largest possible share of population than to adapt to regiona differences in transport

demand.

Finally, it is possible to observe some additional disparities between the estimates
for the main and secondary road networks. On the one hand, the degree of spatid
autocorrelation was much higher in the latter. This is again surprising, because road
transport was mostly short-haul oriented, especially in the case of the secondary networks.
Probably, as in the case of narrow gauge railways, the similarity in provincial and loca
road density among contiguous provinces reflects the better adaptation of those networks
to the level of development of each area, since provinces with similar development levels
tended to be geographically close. On the other hand, as happened in the case of railways,
provincial differencesin construction costs only had an effect on the more expensive State
road network, but they did not affect the provincial distribution of the much cheaper

secondary roads.
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3.4 Conclusions

The modern Spanish economy has been characterised by the divergent evolution
experienced by the advanced and the backward regions of the country. The explanatory
factors for that divergence are numerous, and infrastructure has often been included among
them, for two reasons. Firstly, the geographical distribution of infrastructure would have
been rather uneven in Spain, and some regions would have been favoured at the expense of
others. Secondly, the radial structure of the national networks and the importance of vote-
catching aims within the investment criteria of the public sector might have introduced
serious inefficiencies in the geographical distribution of most infrastructure. In that
context, this chapter has had two main aims. On the one hand, it has described in detail the
geographical distribution of the main Spanish infrastructure during the period of study. On
the other hand, it has tried to explain the differences among regiona infrastructure
endowments by analysing the main determinants of the provincial distribution of the most

important transport networks (i.e. railways and roads).

Generaly speaking, the regions that were best endowed with al kinds of
infrastructure during the period under study were situated on the Northern and
Mediterranean coastlines and in the strip of land between the North and Madrid. In
virtualy all cases, the Basque Country was the most favoured area in Spain, and its
infrastructure endowment was rather close to the European average. At the other end of the
scale, the inland provinces of Aragon, Extremadura or Castile-La Mancha, as well as the

Canary Idands, were much worse endowed.

To some extent, that pattern reflected the regional population density of each
region. However, there are numerous cases of mismatch between infrastructure endowment
and population density. For instance, the North-West of the country (Galiciaand Asturias)
or the Canary Islands, seem to have been relatively deprived of infrastructure investment
given the size of their population, whereas the situation in other Northern areas such as

Cantabria, Castile-Leon or Navarre seems to have been the opposite.

In order to further explore the determinants of the uneven availability of infrastructure
among regions, | have estimated a panel data model for the provincia endowments of
railways and roads in 1860-1930. As could be expected, the outcomes of the estimation show
that regionad population density was one of the most important determinants of the

geographica distribution of Spanish infrastructure. However, apart from this common feature,
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different variables have been found to be relevant for the provincia distribution of the railway
and road networks, reflecting the technical and ingtitutional differences between them.
Railways appear to have been much better adapted than roads to each region's level of
development. In addition, within the railway system, broad gauge railways were mainly
oriented to serve urban markets and were much more sensitive to differences in construction
cost among provinces, whereas narrow gauge lines were much more flexible regarding those

two aspects, and spread throughout rural markets and areas with difficult terrain.

Unlike railways, the response of road investment to the level of development of each
province was far from perfect. In fact, the State network does not appear to have been affected
by differences in the level of industridisation. On the contrary, it seems to have been much
more oriented by political than by economic criteria, trying to serve the largest possible
number of people in each province. As a consequence, the road network was relatively denser
in less urbanised areas, in which population was less concentrated and the number of
necessary links was higher. Within the road system, however, secondary networks appear to
have been dightly more flexible. Loca and provincia road congtruction seems to have
responded, to some extent, to each province's level of development, and to have overcome

much better than State road construction the pressure of difficult terrain.

These outcomes help to explain the geographical distribution of Spanish railways and
roads, and throw some light on the reasons why some areas remained relatively neglected by
public and/or private investors during the late nineteenth and early twentieth century. For
instance, the economic structure and the difficult terrain of regions such as Asturias, Galicia
or the Canary Idands would have condemned them to a low infrastructure endowment
relative to their population.

On the other hand, the importance of each region’s demographic density and level of
development in the construction of infrastructure networks may have reinforced the process of
regional economic divergence that started in Early Modern times. As described in the
introduction of this chapter, differences among Spanish regiona economies before 1800 were
associated, to a large extent, with each area’s population density. From 1850, infrastructure
was concentrated in the most populated and (in the case of railways) the most developed
regions of the country and therefore became a reinforcing factor of the previous regional
divergence. In that context, it would be interesting to analyse the potential balancing effects
that an ingtitutional setting other than the actual one (for instance, the construction of the
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railway network by the State) would have had on the geographical distribution of Spanish

infrastructure and on its effects on each region's economic evolution. 2

The descriptive effort that has been carried out in this chapter and the previous one is
taken a step further in Chapter 4. The Spanish infrastructure endowment, whose main
characteristics have been outlined in these pages, is analysed there in the European context.
That international comparison constitutes the starting point of the study of the role of
infrastructure in the Spanish industrialisation, since it will provide information on the relative
level of infrastructure shortage that the Spanish economy had to face in the nine decades
running up to the Civil War. That comparative approach is followed in Chapter 5 by an
attempt to measure the real impact of infrastructure on Spanish economic growth during that

period.

281 On this subject see below, Sections 6.4 and 7.2.
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CHAPTER FOUR

THE SPANISH INFRASTRUCTURE IN THE EUROPEAN CONTEXT: A COMPARATIVE
APPROACH

4.1 Introduction

4.2 An international comparison of infrastructure stock estimates

4.3 The physical development of railway networksin the European countries
4.4 Other infrastructure: physical indicators

4.5 Conclusons

4.1 Introduction

This chapter compares Spain’s infrastructure endowment with that of other
European countries. It is aimed at obtaining a preliminary impression of the degree of
infrastructure shortage that burdened the Spanish economy during the period 1845-1935. In
other words, it is intended to ascertain if the infrastructure stock that was examined in the
previous two chapters was large or small, enough or insufficient for the needs of the

Spanish economy.

Such a comparison is essential in the analysis of the role that infrastructure
performed in Spanish industrialisation. The econometric estimation of the response of the
Spanish economy to infrastructure investment which is carried out in Chapter 5 cannot be
properly interpreted without knowing if infrastructure was scarce or abundant in relative
terms. For instance, if a low response by the economy to infrastructure increases is found,
it might be the consequence of excess investment, but it could also result from institutional
factors, scarcity of other sorts of capital, or other constraining elements, which could be
preventing the economy from fully benefiting from new infrastructure. International
comparisons therefore provide information that is crucia for the interpretation of the

estimates of the impact of infrastructure on economic growth.

However, comparison among historical infrastructure endowments is not an easy

task. Firstly, there is an extreme paucity of historical estimates of infrastructure stock, and
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the available ones are hardly comparable, due to differences in definitions and in
estimation techniques. As a consequence, international comparisons must mainly rely on
physical indicators. However, this is aso problematic due to issues such as the
insufficiency of the information provided by physical indicators, and the differences
among countries in the criteria applied to classify and describe infrastructure assets.
Besides, in order to know a country’s relative infrastructure shortage, physica indicators
must be measured against each economy’s need for infrastructure. This varies depending
on a complex series of geographic and economic features, which are quite difficult to deal

with in a multi-country study.

Keeping all these caveats in mind, this chapter compares the infrastructure
endowment of Spain with that of other European economies between the mid-nineteenth
century and 1930, providing preliminary conclusions about the relative shortage of
infrastructure in the Spanish case. The chapter is organised as follows. The next section
compares the new Spanish infrastructure database with the available historical estimates of
infrastructure stock for other countries. Later on, Sections 4.3 and 4.4 carry out
comparisons among physical infrastructure indicators for the European economies. Firstly,
Section 4.3 is devoted to railways, which constituted the core infrastructure of the period,
and, secondly, Section 4.4 examines the available physical indicators for other
infrastructure. The main conclusions of the analysis are summarised in the last section of
the chapter.

4.2 An international comparison of infrastructure stock estimates

Historical estimates of capital stock are not abundant, and some of them do not
distinguish between infrastructure and other stock and, therefore, cannot be used in a
comparison of national infrastructure endowments. As a consequence, the analysis in this
section is constrained to a very small sample of countries. Table 4.1 compares the
infrastructure stock estimates of a few economies for which appropriate information is
available. The first part of the table shows the ratio between infrastructure stock and GDP

in each country, and the second part, the share of infrastructure within total capital stock.
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Table4.1
I nter national comparisons of infrastructure endowments
A) Net infrastructur e stock/GDP (%)

1850 1860 1870 1880 1890 1900 1910 1920 1930

Spain 460 13.28 2454 20.29 2545 29.15 29.62 28.57 29.06

Netherlands 29.11 29.34 37.86 3872 3932 3172 30.27 na na
UK 4350 4490 46.30 4794 4933 46.74 4821 4489 38.93
Japan na na na na 19.41 2526 30.51 3250 42.75
Italy na na na na 71.63 7468 7221 6440 65.55
USSR na na na na na na na na 17.15%
us na na na na na na na na g6

B) Net infrastructure stock/net total capital stock (%).

1850 1860 1870 1880 1890 1900 1910 1920 1930

Spain na na na na na 2242 1924 18.29 15.45

UK 21.10 2300 2469 24.01 2466 24.02 2286 2093 1883

Germany® 1410 1530 17.00 19.20 1750 15.60 15.20 na 15.60

Japan na na na 5.92 831 1199 1438 1498 1852

Italy na na na na 2745 2823 2657 2821 2731

Russia/lUSSR na na na na na na 17000 na 19.73

usS Na na na na na na na na 21.64
Sources:

Spain: GDP from Prados de la Escosura (forthcoming), net total capital stock from Cubel Montesinos and
Palafox Gamir (1997) and my own infrastructure stock figures.

Netherlands: Groote (1996), Maddison (1995b) and Centraal Bureau voor de Statistiek (1994).

UK: Capital stock from Feinstein (1965), (1972) and (1988), and GDP from Deane (1968) and Maddison
(1995h).

Japan: Capital stock from Ohkawa et al (1966) and GDP from Ohkawa et a (1974).

Italy: Rossi et a (1993).

US: Bureau of Economic Analysis, in http://www.bea.doc.gov.

Germany: Hoffmann (1965).

Russia/USSR: Kahan (1978) and Moorsteen and Powell (1966), p. 50.

Notes: na: not available; (@) in 1928; (b) in 1929; (c) gross infrastructure stock/gross total capital stock; (d) in
1913.

Figuresin Table 4.1 are not perfectly comparable for two reasons. On the one hand,
there are differences in the distribution of capital among categories and in the level of
detail of the estimates for different countries. Therefore, infrastructure measures do not
have exactly the same coverage in all cases, although deviations do not seem to be serious
enough to produce misleading conclusions.?®? On the other hand, there are also differences
among the calculation methods of the capital estimates for different countries, since some

of the series that are included in Table 4.1 are the result of the direct assessment of the

282 The cases in which this problem seems to be more troublesome are, on the one hand, Russia in 1910,
because Kahan's estimate is not exhaustive and, on the other hand, the German infrastructure indicator,
which only includes railways and “other public structures’” and excludes therefore all private infrastructure
other than railways. In all other cases, coverage is quite similar to my figures for Spanish infrastructure. In
railways, telecommunications or electricity, non-infrastructure assets (such as machinery and rolling stock)
have been excluded. When there was not enough information on the importance of those assets in the total
stock of each sector, similar coefficients to the Spanish ones have been assumed.
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existing stock, or have been eaborated on the basis of physical indicators,?®® but others
result from the application of the perpetua inventory method.

There may arise some problems of comparability among the estimates obtained
through the perpetua inventory method because, given an investment series, different
useful lifetimes may produce very different stock estimates in absolute terms, as well as
different shares of each asset within total stock.?®* As the assumptions on useful lifetimes
for both the Dutch and the Spanish estimates of infrastructure stock (in those cases in
which the perpetual inventory method has been applied) are mostly inspired by Feinstein’s
assumptions for the UK, the most serious problems of comparability might lie in the cases
of the Japanese, the Italian and the US stock estimates, and also when the Spanish total
capital stock series is involved. Firstly, in the case of the Japanese and US estimates and
the Spanish total stock, useful lifetimes of around 50/60 years have been assumed for most
structures, which are substantially below those used to estimate the British, Dutch or
Spanish infrastructure stock.?®> As a consequence, in Table 4.1 the Japanese and US ratios
between infrastructure and GDP may be lower, and the Spanish ratio between
infrastructure and total stock higher than if similar assumptions had been made in al
cases.?8® Secondly, in the Itdian case, a useful life longer than 100 years is assumed for
most structures, which may have brought the Italian ratios upwards relative to other

countries.?®’

Due to these comparability problems and the small size of the sample, conclusions

drawn from the ratios in Table 4.1 must be taken with caution. Keeping this caveat in

283 This is the case of the German and Russian estimates, part of the British and Dutch series and also, as has
been described in Chapter 2, most of the Spanish estimates. The Soviet figure for 1928 is an intermediate
case, because it results from the combination of physical inventories of the early 1920's with the
accumulation of investment flows up to 1928; see Moorsten and Powell (1966), p. 49.

284 See Paccoud (1983), p. 22, and also Maddison (1995a), p. 141, who provides an example of the
consequences of this problem. He indicates that the useful lives applied in the existing official estimates of
post-war capital stock are the following: Germany, 57 years for non-residential structures and 14 years for
equipment; US, 39 years for non-residential structures and 14 years for equipment; and UK, 66 years for non-
residential structures and 25 years for equipment. He estimates new stock figures by applying the same
standard useful lives to all countries. Differences with the official estimates are strikingly high and, for
instance, the new estimate of British capital stock in 1950 is 48 per cent lower than the official one.

285 For the Spanish total capital stock, see Cubel Montesinos and Palafox Gamir (1997), p. 124. For Japan,
see Ohkawa et al. (1966), p. 138, and, for the US, see Bureau of Economic Analysis (1999), p. 30.

286 However, in the cases of Japan and the US, it must be remembered that shorter useful lives might be the
result of a higher level of utilisation of the assets than in Spain, which would reduce the problems of
comparability. This situation may be illustrated by British roads, for which Feinstein assumes a useful life
that decreased from 80 to 50 years due in part to the increase in the level of utilisation; see Feinstein (1988),
p. 319.

287 Asthe authors indicate, assumptions on the useful lifetimes of the assetsin Rossi et al (1993) are based on
previous research by Vitali (1975), p. 526.
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mind, however, those figures might reflect a situation of mild relative infrastructure
shortage in Spain during the period of study. On the one hand, regarding the share of
infrastructure within total capital stock, Spain stood in an intermediate position at the
beginning of the twentieth century, but showed a gradua tendency to lose ground as time
went by.?®® On the other hand, if the ratio between infrastructure stock and GDP is
examined, the Spanish economy aways appears to have been in the lowest ranks of the
table. Nonetheless, the uncertainty of this exercise and the small size of the sample make it
convenient to shift the attention towards physical indicators, which are analysed in the

remaining sections of this chapter.

4.3 The physical development of railway networksin the European countries

Railways were the core of infrastructure in the European countries at least until
1914, accounting for more than 50 per cent of the infrastructure stock in Spain, and for
similar percentages in those countries for which stock estimates are available.?®° As was
indicated in the previous chapter, the density of the railway system, i.e. the ratio between
the length of the railway network and the surface of the country, is probably the best
preliminary way to measure national endowments of railway services. As was discussed
there, increases in railway density bring about reductions in the average distance from
production or consumption points to railways, as well as decreases in the average length of
detours in railway journeys. Those two effects substantially decrease transport costs in the
economy. However, railway density cannot grow indefinitely. On the contrary, beyond a
certain saturation point, density increases are not functional anymore and the capacity of
the system to provide transport services can only be expanded by alternative means, such

as the extension of double track.?%°

288 The Spanish situation would be even worse if the aforementioned possible downward bias in the estimates
of Spanish total net stock were taken into account.

289 percentages in 1900 were the following: Spain, 61 per cent; UK, 69 per cent; Germany, 58 per cent;
Japan, 42 per cent; and the Netherlands, 32 per cent. See sources in Table 4.1 and, for the low Dutch
E)ercentage, see below.

% According to Laffut (1983), p. 206, the saturation point in nineteenth century European railway systems
emerged at around 150 km of line per 1,000 knt, although the railway network in Belgium or in some of the
French départements were in the 1910's twice that density and, even in Spain, the Basque province of
Guiplzcoa had in 1930 181 km per 1,000 kn¥. The early saturation of the Belgian network is confirmed by
the fact that, already in 1860, 51 per cent of its length was double track; see Avakian (1936), pp. 457 and
480.
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Network density and the percentage of double track are therefore the indicators
essential to study the service capacity of nineteenth century European railway systems.
However, as was pointed out above, this information only alows a preliminary
measurement of railway endowments, for two reasons. Firstly, the service capacity of each
railway system also depends on a large series of technical features, such as: i) the number
of access points to the system (stations, halts, stops, etc.), which reduces the average
distance to population centres; ii) elements such as gauge, curves, grades or electrification,
which affect speed and the average train load. Secondly, national figures on density and
double track usually conceal large imbalances in the regiona distribution of railway
infrastructure.?®*  Probably, comparing regiona endowments would be much more
appropriate. However, given the difficulty of tracing systematic and comparable
information on the regional distribution of the European railway systems, countries seem

to be the only feasible unit of comparison.

Table 4.2 shows the density of the European railway networks between 1860 and
1930, and Table 4.3 offers information about the extension of double track in some
countries after 1900. Differences in density among national networks were considerable,
especially at the end of the period, when the Belgian system was 20 times as dense as the
Norwegian one. Spain, in spite of the early start of railway construction, aways had one of
the least dense networks in Europe, lagging behind some economies with a lower level of
income per capita, such as Hungary or Ireland. It was even overtaken by a very sparsely-
populated country like Sweden in the 1870’'s, and by some of the poorest economies of
Europe, such as Romania or Portugal, at the end of the period. The table aso shows that
Spain, after the first wave of intense railway construction in the late 1850's and early
1860's, did not converge with the average European density, but remained at very similar

levelsin relative terms to those of 1870.

The low density of the Spanish network involved a substantia circuitousness of

journeys and quite long average distances between the population centres and the railway

291 For instance, as was described in the previous Chapter, provincial railway endowments in Spain
(excluding the Canary Islands, which had no railway line) ranged in 1930 from 8 km per 1,000 knf in
Cuenca, (Castile-La Mancha) to 181 km per 1,000 knt (a density which was above the average British
figure) in Guiplzcoa (the Basque Country). In France, in 1907, the network density of the départements
(excluding Seine), ranged from 34 km per 1,000 knt in Corse to 337 km per 1,000 knt in Nord; see Price
(1983), pp. 222-223.
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system, especially when compared with the situation in the core European countries.?** In

addition, as the Spanish network density was far below the “saturation point” in nearly the
whole country, the percentage of double track in Spain was aso very small, as can be
observed in Table 4.3.

Table4.2
Railway density in the European economies (m per knv)

1860 | 1870 | 1880 | 1890 | 1900 | 1910 | 1920 | 1930
Belgium 58.70(98.35( 139.60| 177.62| 216.67 | 283.25| 303.32 | 316.02
Great Britain 53.45|(78.78| 91.87 | 102.84| 112.01| 119.82 | 142.29 | 141.96
Switzerland 25.50 | 34.40| 61.04 | 75.16 | 88.84 | 111.48| 127.05| 129.17
Germany 21.39(36.41| 62.57 | 79.27 | 95.56 | 113.19| 122.77 | 124.12
Denmark 2.85 | 19.75| 40.63 | 51.43 | 74.75 | 88.37 | 97.64 | 119.43
France 17.80( 33.43| 48.21 | 69.38 | 81.02 | 93.45 | 99.76 | 115.73
Netherlands 9.79 | 41.46| 53.80 | 76.27 | 80.97 | 93.21 | 105.37| 107.45
Czechoslovakia 95.66 | 96.94
Hungary 497 [10.70( 21.79 | 34.56 | 52.55 | 63.42 | 87.50 | 93.25
Austria 0.76 | 20.45| 38.38 | 51.52 | 65.48 | 77.79 | 85.47 | 85.47
Ireland® 26.00|37.91| 45.20 | 53.25 | 60.70 | 64.86 | 65.64 | 78.38
Sweden® 230 | 754 | 25.64 | 34.99 | 49.32 | 60.34 | 64.88 | 72.10
Italy 839 [21.94| 29.69 | 45.70 | 55.28 | 58.71 | 66.69 | 71.42
Poland 35.44 | 50.46
Serbial Y ug. 000 | 000 | 000 | 524 | 11.18 | 11.82 | 37.43 | 40.33
Romania 000 | 218 | 7.01 | 1845 | 23.60 | 26.17 | 16.85 | 37.75
Portugal 072 | 770 | 12.34 | 20.84 | 23.38 | 26.40 | 35.25 | 36.75
Spain 3.80 |10.85| 14.76 | 19.78 | 26.17 | 28.96 | 30.94 | 33.07
Bulgaria na na 2.32 833 | 16.25 | 19.69 | 21.38 | 23.67
Finland® 0.00 | 212 | 3.89 8.46 12.87 | 16.03 | 18.80 | 23,64
Greece 0.00 | 019 | 0.19 11.02 | 16.34 | 24.88 | 18.87 | 21.09
Russia/l USSKR° 033 | 219 | 4.68 6.26 10.89 | 13.62 | 17.04 | 18.54
Norway® 027 | 144 | 424 | 627 | 795 | 11.94 | 13.19 | 15.39
All countries 13.21|24.11| 35.27 | 47.21 | 57.84 | 66.99 | 63.25 | 71.73
asfg‘r;g’ European | 56 76 | 4500 | 36.46 | 41.90 | 4525 | 4323 | 4892 | 46.10
St. Dev. (%) 134.46(111.37| 100.09 | 92.21 | 86.81 | 92.01 | 86.60 | 81.26
Sources: Mitchell (1998) and Statistical Y earbooks of each country.
Notes:

(a) Ireland always includes Northern Ireland.

(b) In order to get a more real impression of the railway density of each country, the Northern areas of
Finland, Sweden and Norway, with population densities per knt lower than 4 during the period under study,
have not been included in the calculation. Those areas are Oulun and Lapin in Finland, Troms and Finnmark
in Norway, and Jamtlands, V &sterbottens and Norrbottens in Sweden, which account, respectively, for 47, 23
and 49 per cent of the total surface of those countries.

(c) Only European territories.

(d) European average weighted according to the surface of each country.

292 For instance, by 1908, the longest distance between a Belgian population centre and arailway line was 23
km, whereas some Spanish villages were more than 200 km away from the closest railway station. See Laffut
(1983), pp. 208-209, and GOmez Mendoza (1999a), p. 723.
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Table4.3
Extension of doubletrack in the European railway networks (%)

1900 | 1910 [ 1920 | 1930
Great Britain 54.03 | 54.08
France 43.00°
Germany 37.09
Russia 22.20
Ireland 19.65 | 19.74
Italy 17.00°
Switzerland 15.36 | 17.88 | 19.44
Hungary 527 564 | 12.04 | 23.21
Austria 21.43
Czechoslovakia 13.49 | 13.62
Spain 2.85 6.21 9.27
Romania 1.96

Notes: (a) only “general interest” lines; (b) only broad gauge lines; (c) 1905.
Sources. For Spain, see the Appendix of Chapter 2; for other countries, National Statistical Y earbooks,
Cambd Batlle (1918-1922), Vol. 5, p. 467, and Giuntini (1999), p. 89.

Nevertheless, it must be reminded that a low network density is not necessarily
proof of infrastructure shortage, but it may just be the response to the structural
characteristics and the needs of a particular economy. As was indicated in the previous
chapter, a railway network will only yield positive social and private returns if its density
and other technical features are well adapted to the expected level of traffic. In a poor or
sparsely-populated country, the construction of a very dense network would involve a

waste of resources and a very high opportunity cost, as it would remain under-utilised.

According to the discussion in Section 3.3, the expected level of traffic in a
transport system primarily depends on the number of people living in the country (i.e. the
population density) and their production capacity (which might be roughly measured by
the level of income per capita). Population density and income per capita can be combined
in order to obtain an indicator of the country’s “economic density” (output per kn¥), which
would keep a direct relationship with the expected level of traffic in its transport networks.
Graph 4.1 compares the railway density of the European countries, which has been
presented in Table 4.2, with their economic density for the years 1870, 1900 and 1930.
Countries are arranged in the graph according to their economic density, and all figures are

normalised by the weighted average of the sample.
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Graph 4.1

Railway density and economic density in the European countries
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C) 1930
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Sources and notes:

a) Railway density figures come from Table 4.2. For railway density in Finland, Norway and Sweden, see
note (b) of Table 4.2. In 1930, the railways of Northern Ireland have been included in the Irish figure of
railway density. Russia/ USSR (whose data only refer to the European territories) has been excluded from
the calculation of the European average densities.

b) For 1930, GDP figures come from Maddison (1995b) and, for 1870 and 1900, they come, in the case of
Austria and Hungary, from Schulze (2000) and for all other cases they are the result of multiplying
Maddison’s income per capita estimates by each country’s population, taken from Mitchell (1998),
because Maddison’s GDP database cannot be used since it refers to post-1913 national borders.

Despite the numerous factors that may make the density of a nationa railway

293

network not adapt to the level of expected traffic,“* the graphs show quite a remarkable

293 On the one hand, excess density in a network may have been fostered by an inadequate regulation of the
construction process (e.g. by the encouragement of useless competition through the concession of several
lines over the same route), a speculative bubble, or the wish to foster the economic development of poor
regions, whereas too low density levels might result from factors such as a difficult terrain, which would
have increased construction costs, or, once more, inadequate regulation. The importance of some of these
aspects in nineteenth century Europe has been examined from a comparative point of view by Girard (1966),
pp. 212-214. On the other hand, as was indicated in the previous chapter, different types of production may
have different levels of transport intensity, and each country’s demand for transport would have depended
therefore not only on its economic density but also on its economic structure. For instance, according to
Krantz (1972), p. 27, industrial output is more railway-intensive than agricultural production. Similarly,
Bairoch and Goertz (1986), pp. 301-302, indicate that the level of use of railway transport in nineteenth
century Europe was very different depending on industrialisation being more disperse or more concentrated.
And, finally, urban output might also be expected to have been more transport-intensive than rural
production, because the agglomeration of activitiesin cities depended to a large extent on the availability of
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correlation between railway density and economic density of the countries in the sample,
which was higher in the earliest decades of the period under consideration. The correlation
coefficients between those two variables were 0.96 in 1870, 0.92 in 1900 and 0.82 in 1930.
That gradual decrease might have been associated with the fact that the railway systems of
the densest European economies were gradually reaching their saturation point, and it
might also have been related, in 1930, to the incipient competition of road transport, which
would have prevented the railway network from adapting to the growth of the economy,

since the road system could be expanded at much lower costs.

However, despite the high correlation between railway density and economic
density, some European countries fit badly within the global picture, reflecting some
situations of relative excess or shortage of infrastructure. The most striking case is
probably the Netherlands, whose railway network density aways seems to have been
rather low compared with their economic needs. The late and slow construction of Dutch
railways has concerned transport historians for a long time and, whereas some researchers
have considered railway shortage as a serious bottleneck that hindered the industrialisation
of the country, other scholars have pointed out that the high quality of the existing
waterway and road networks at the beginning of the railway age, as well as their further
improvement from 1865, were enough to cope with the economy’s transport needs.?%*
Although less markedly than in the Netherlands, the density of the railway network in the
UK during the British climacteric, and in Italy in 1870 and 1930 was also much lower than
in other countries with similar economic density. Historians have aso searched for
explanations for this anomalous situation in the Italian case, and some authors have
suggested that the need for railway services in the country could have been mitigated by

the good waterway endowment of Northern Italy, and aso by the fact that hardly any city

broad markets of inputs and outputs. Nevertheless, the correction of national economic density figures with
each country’s urbanisation rate has been attempted here without increasing the correlation between
economic and railway density. This is probably due to the importance of the transport of bulky primary
products in nineteenth century European railway systems (see, for instance, Comin Comin et a (1998), Vol.
1, pp. 225-238, or Katus (1983), pp. 198-199), as well as to the high functional diversity of European urban
systems at that time. An example of the latter is provided by Lévy-Leboyer (1978), pp. 260-261, who points
out that, in spite of the intense growth of the French urbanisation rate during the nineteenth century, the small
average size of French cities (pop 7,500 in 1880) prevented the extension of the French railway network after
1860 from being profitable.

294 The debate is summarised in De Jong (1992), pp. 16-20. See also Groote (1996), p. 71, and Girard (1966),
p. 236, who also points out that the minor presence of heavy industries in the Netherlands led the country to
remain “for along timeindifferent to the possibilities of railways’.
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in Centra and Southern Italy was more than 120 km away from the coastline, an

explanation that might also be relevant for Britain.?%®

Regarding the Spanish case, the graphs offer a mixed impression. Interestingly
enough, Spain is one of the countries that fits best in the European picture, with very
similar levels of railway and economic density relative to the European average during the
whole period under study. However, if this might be considered as an indicator of adequate
endowment, other evidence is not so positive. More concretely, in the graphs for 1900 and
1930, countries with a similar economic density to the Spanish one always benefited from
a better position than Spain in terms of railway density. Actually, with the exception of
Spain, the graphs for those two years suggest that the relationship between economic
density and railway density was not linear, and for levels of economic density lower than
the European average (100 in the graphs), countries tended to have higher (relative) levels
of railway density than of economic density. Accordingly, the development of the Spanish
rallway network after 1870, although rather adapted to the European average pattern, might
have been insufficient in the context of the group of European countries with lower
economic density.?%® That conclusion is consistent with the reflections of some Spanish
historians, who have stressed the insufficiency of railway investment from the 1870°s
onwards, in contrast to the great construction effort of the earlier period.?®” The next
section offers some information about the long-term evolution of other infrastructure
assets.

4.4 Other infrastructure: physical indicators

During the railway age, roads and waterways played indispensable roles as
complementary transport means to the railway system. They were especially crucia in
sparsely-populated countries with low railway density, where there were no feasible ways
other than roads and inland navigation to integrate large shares of the country’s population

into the national economy. Unfortunately, international comparisons of road and waterway

29 Tonjolo (1983), p. 227.

29 The picture offered by Graph 4.1 would be similar if Prados de la Escosura’s alternative estimates of
international output were used instead of Maddison’ s ones. On the contrary, Bairoch’s income per capita data
would suggest a much better situation in the Spanish case; see Bairoch (1976) and Prados de la Escosura

2000).

597 See specially Tortella Casares (1973), p. 339. In fact, this author considers that, before 1866, there was a
process of excess investment in the Spanish railways. See more details on the process of railway construction
in Spain in Chapters 6 and 7 of thisthesis.
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endowments are even harder to carry out than in the case of railways. On the one hand,
data on roads and waterways are much scarcer and much more difficult to trace than
railway information. And, on the other hand, the range of quality levels, technical
characteristics, service capacity, and criteria for the elaboration of statistics are much wider
and, therefore, international comparisons are much more troublesome in the case of roads

and waterways than in the case of railways.?%

The main limit to international comparisons of road endowment indicators comes
from differences among the criteria of road classification that were followed in different
countries. Roads were usualy divided into main (State and, in some cases, regional)
networks and secondary (rural) paths. However, the concept of “rural road” varied widely
among countries. While in the most developed economies, it usualy referred to proper
roads well adapted to cart traffic, in the poorest countries, it often included traditional
narrow bridle paths, which were not accessible to wagons in most cases. The heterogeneity
that resulted from this problem appears to have been more serious during the second half
of the nineteenth century and, therefore, comparisons among the national road networks of

different countries before 1900 must be taken with caution.

Table 4.4 presents the road density of a sample of European countries for which
this information is available. In order to account for the problems of definition of
secondary networks that have just been described, for 1870 and 1900 two different figures
are presented in the table. The first one only refers to main roads, whereas the second one
includes the whole road network. By 1930 problems of comparability among countries
seem to have become less serious and, therefore, only figures for the whole network are
offered. Road density is presented both in absolute terms and as a percentage of the sample
weighted average, and countries are arranged in the table according to their economic
dengity.

298 The difficulty to account for international differences in road quality on the basis of the available public
statistics is not exclusive of historical research, but it also hinders the analysis of present economies. For
instance, Canning et al (1994), p. 144, attribute to this problem their failure to observe a clear economic
impact of road construction in a cross-country regression, and they mention a case in which a change in the
process of elaboration of national road statistics led a country’ s road endowment to triple in one year.
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Table4.4
Road density and economic density in some European countries

A) 1870

RDI RDII| RDI RDII ED
Norm. Norm.
Belgium 250.86 243.73 439.17
Netherlands 313.51 343.20(304.59 97.74 268.93
France 151.89 770.24 | 147.57 219.36 125.07
Austria 211 205.00 94.33
Hungary 43.53 42.29 45.27
Spain 41.34 4473 | 40.16 12.74 42.78
Norway?® 2448 8050 | 23.78 2293 876
Weighted av?’ | 102.93 350.99
Correl. 0.80 0.46
St. Dev. (%) 111.84 95.34 196.78
B) 1900
RDI RDII RDI RDII ED
Norm. Norm.
Belgium 317.92 204.25 438.83
Netherlands 423.06 102.46 270.46
France 160.81 1,069.70( 103.31 259.07 110.43
Italy 159.91 348.83 |102.74 8451 103.77
Denmark 173.91 1,082.59(111.73 262.19 91.84
Austria 250.47 369.13 | 160.92 89.40 83.56
Hungary 116.18 173.40 | 74.64 4200 45.63
Spain 84.86 92.06 | 54.52 2230 43.35
Portugal 110.45 26.75 41.79
Norway® 4283 11474 | 2752 2779 831
Weighted av® | 155.65 412.90
Corrdl. 0.83 0.34
St. Dev. (%) 54,02 93.11 123.33
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C) 1930

RD Il RD 11 ED

Norm.

Belgium 1,459.26 | 298.36 456.87
UK 484.74 | 99.11 366.20
Switzerland 362.27 | 74.07 21341
Germany 429.26 | 87.77 198.60
Denmark 1,161.69 | 237.52 144.95
France 1,126.84 | 230.40 119.75
Czechoslovakia | 480.64 | 98.27 108.08
Austria 750.53 | 153.46 101.61
Hungary 206.31 | 42.18 78.96
Spain 188.29 | 38.50 45.77
Ireland 410.16 | 83.86 42.47
Portugal 151.49 | 30.97 39.91
Sweden® 332.50 | 67.98 37.20
Finland® 217.01 | 44.37 13.97
Norway?® 150.27 | 30.72 13.45
Weightedav® | 489.09
Correl 0.65
St. Dev. (%) 78.02 98.50

RD I: Density of the road network (excluding rural roads) (m per knr:?.
RD I1: Density of the road network (including rural roads) (m per knf).

ED: Output per knf normalised by the European weighted average.

Correl.: Correlation coefficient of RD | or RD |1 with ED.

Sources: RD | and Il from Vieira (1980), Laffut (1983), Katus (1983), Price (1983), De Jong (1992), Istituto
Centraledi Statistica (1976), Mitchell (1988), Statistisk Sentralbyra (1978), and Statistical Y earbooks of each
country. For ED, see Graph 4.1.

Notes:

(a) Finland, Norway and Sweden surface figures exclude the less popul ated Northern areas of those countries
(see Table 4.2).

(b) European average weighted according to the surface of each country.

Figures in Table 4.4 show that the density of the road networks had a direct
relationship with the density of the economy, as in the case of railways. The level of
correlation, however, was not so high. Apart from the comparability problems that have
been described before, the mismatch between the figures of road and economic density is
probably associated with the fact that road construction was much more dependent on
political decisions and less sensitive to the evolution of the economy than railway
investment. As a consequence, differences in the degree of the State's activism are
fundamental to explaining certain facts, such as the permanently high position of France in

the European ranking.2%°

The scarcity and heterogeneity of the available data makes it difficult to draw

conclusions about the relative shortage of roads in different countries. However, data

299 gee for instance, Price (1975), p. 12, and Girard (1966), p. 214. In addition, French figures do not include
alarge share of French local roads (around 38 per cent of the total by 1880), which were excluded from the
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seems to be consistent with the widespread contemporary opinion that the Spanish
endowment of roads was adequate in the case of the main network, but very insufficient
regarding secondary networks, and that this inadequacy would have prevented the
economy from fully benefiting from the construction of railways.*® This deficiency
becomes aso evident when figures for 1930 are analysed. In that year, the Spanish road
system was less dense than the networks of Ireland, Sweden or Finland, showing, as in the
case of railways, the disadvantage of Spain within the group of European countries with

low economic density. 3

In fact, the possible disadvantage of Spain regarding transport infrastructure was
more serious than information on railways and roads may suggest, due to the virtual
absence of aternative transport means in the country. Table 4.5 offers data on the
endowment of waterways in a sample of European economies. Unfortunately, in the case
of waterways, comparability problems are even more serious than for secondary roads, as
figures of network length include a large variety of waterways, ranging from the largest
European rivers to the oldest and tiniest canals which were only accessible to very small

barges.

However, in spite of those problems, figures in the table illustrate the fact, as has
been stressed by historians, that waterways played very different roles in the European
countries. The best-endowed economy, the Netherlands, constituted, of course, an
exception in Europe, as the extraordinary development of its waterway network was one of
the factors responsible for the modest position of railways within the Dutch transport
system, which has been described above.*> However, in other countries, athough
waterways did not play such a central role as in the Netherlands, they were aso a key
component of the transport sector. They were especially relevant in those sparsely-
populated economies where railway density had to remain at low levels. For instance, in

Sweden, waterways integrated some regions into the national market and enlarged the

official statistics because they were not regularly maintained by the public sector during the second half of
the nineteenth century; see Price (1983), p. 267.
300 see Alzolay Minondo (1979), pp. 451-473, Pascual Doménech (1991), pp. 269-272, or Gémez Mendoza
(1999a), pp. 722-723. According to Sanchez de Toca (1911), pp. 297-298, 5,000 Spanish population centres
had no road connection al all still in 1910.
301 5ome shortage may also be observed in the case of Portugal and Hungary although, in contrast, the latter
benefited from a much larger railway endowment and a richer waterway system than Spain in relative terms
gsee Graph 4.1 above and Table 4.5 below).

92 De Jong (1992), p. 20.
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hinterland for the main transport lines.3*® By contrast, in the Spanish case, the harsh
geography prevented the construction of a waterway network complementary to railways,
and led large areas of the country, which were badly endowed with raillway lines, to

depend on a rather underdevel oped network of secondary roads.

Table4.5
Waterwaysin Europein 1913
(A) (B)
Netherlands | 142.86 | 153.26
Belgium 7143 | 25.22
UK 30.30 | 25.29
Finland 28.98 | 180.77
Germany 28,57 | 25.24
France 25.64 | 27.44
Sweden 15.15 | 25.11
Italy 10.31 | 17.56
Hungary 952 | 15.02
Austria 943 | 12.13
Spain 144 | 4.86

(A) km of waterways per 1,000 knf of surface.
(B) km of waterways per 100 km of railways.
Sources: Milward and Saul (1977), p. 542, Hadfield (1986) and, for Spain, my own figures.

Finaly, Tables 4.6 and 4.7 offer information about the development of
telecommunication networks in Europe. Those networks constituted an additional essential
instrument of market integration during the period under study, being complementary to
the transport system as the main means of information exchange. Table 4.6 is analogous to
Table 4.4, and compares the density of the national telegraph networks with the economic
density of each country in 1870 and 1900.3%* Table 4.7 shows the ratios between the
number of telegraph and telephone stations and the population of each country, and
compares those ratios with the national level of income per capita.

303 Kunz (1994), p. 198; Krantz (1995), p. 98.

304 After 1900, the heterogeneity of the official telecommunication statistics increased with the laying of
inter-urban telephone networks, because the relationship between the telephone and telegraph systems varied
widely among countries, ranging from superimposition to independence. In addition, the new technology
increased the complexity of the telegraph networks and |ed to the introduction of different description criteria
among countries. As a consequence, it has not been possible to offer comparable data of network density for
the first third of the twentieth century.
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Table4.6
Density of European telegraph networks
A) 1870

TD TD ED

Norm.

Belgium 147.41| 308.32 | 439.17
Netherlands | 87.34 | 182.68| 268.93
UK 71.68 | 149.93 | 236.63
Germany 46.75 | 97.78 | 145.81
Switzerland | 124.91| 261.26 | 136.50
[taly 57.82 | 120.94| 128.14
France 77.28 | 161.64 | 125.07
Austria 54.91 | 114.85| 94.33
Denmark 50.99 | 106.65| 85.68
Portugal 34.54 | 72.24 | 49.23
Hungary 29.60 | 61.91 | 45.27
Spain 23.52 | 49.19 | 42.78
Sweden? 29.89 | 62.52 | 29.25
Norway? 22.87 | 47.84 | 876
Weighted av”| 47.81
Correl. 0.84
St. Dev. (%) 58.26 | 111.70
B) 1900

TD TD ED

Norm.

Belgium 217.35(142.34| 438.83
UK 228.61|149.72| 282.40

Netherlands | 180.15 | 117.98 | 270.46
Germany 241.95(158.45| 171.09
Switzerland | 167.14| 109.46 | 148.62

France 266.21( 174.34| 110.43
Italy 150.47| 98.55 | 103.77
Denmark 99.62 | 65.24 | 91.84
Austria 111.41| 72.96 | 83.56
Hungary 69.43 | 45.47 | 45.63
Spain 71.28 | 46.68 | 43.35
Sweden® 40.23 | 26.29 | 30.13
Norway® 46.27 | 30.32 | 831
Weighted av?”| 152.61

Correl. 0.69
St. Dev. (%) 53.70 | 115.03

TD: Density of the telegraph network (m of line per kn? of surface).

ED: Output per knf normalised by the European weighted average.

Correl.: Correlation coefficient of TD with ED.

Sources: TD: Statistical Y earbooks of each country. ED: see notesto Graph 4.1.
Notes: see Table 4.4.
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Table4.7
Communication Networks. Points of access
A) Telegraph networks. Stations per million people

1870 1900
TS Income| TS Income
p.c. p.cC.
Great Britain 304.93 4,593
Belgium 87.94 2,640 |167.86 3,652

Netherlands 33.06 2,640 |127.71 3,533
Switzerland 203.73 2,172 |638.79 3,531

Germany 436.32 3,134
Denmark 202.06 2,902
Sweden 413.09 2561
Spain 12.28 1,376 | 80.46 2,040
Austria 59.55 1,421 |211.94 1,836
Italy 46.48 1,467 | 182.07 1,746
Weighted av. 50.47 286.21

Corrdl. 0.32 0.40

St. Dev. (%) 92.80 31.10| 62.32 30.25

B) Telephone networks. No. of telephones per 10,000 people

1900 1930
TS Income TS Income
p.cC. p.cC.

Switzerland 126.67 3,531 | 735.63 6,160
Netherlands 3488 3,533 | 389.28 5,467
UK 435.14 5,195
Denmark 111.11 2,902 |1,000.00 5,138
Belgium 2268 3,652 | 362.62 4,873
France 1799 2,849 | 267.48 4,489
Germany 5459 3,134 | 498.92 4,049
Sweden 10156 2,561 | 852.29 3,937
Austria 12.67 1,836 | 350.30 3,610
Norway 16143 1,762 | 683.27 3,377
Czechoslovakia 98.09 2,926
Ireland 91.40 2,883
Italy 583 1,746 | 107.61 2,854
Spain 7.03 2,040 | 95.09 2,802
Finland 32759 2,589
Hungary 973 1436 | 13295 2,404
Poland 61.65 1,994
Portugal 61.58 1,536
Y ugoslavia 2758 1,325
Bulgaria 6.72 na 33.16 1,284
Romania 481 na 27.98 1,219
Weighted av. 24.87 275.63

Correl 0.18 0.74

St. Dev. (%) 98.90 26.23 | 63.90 29.59

TS: Ratio between the number of telegraph/tel ephone stations and popul ation.
Sources. Mitchell (1998), Maddison (1995b), Schulze (2000) and Statistical Y earbooks of each country.
Note: Income p.c. isexpressed in 1990 Geary-Khamis $.

185



The Spanish infrastructure in the European context: a comparative approach

Table 4.6 shows a much lower level of dispersion among the national telegraph
density figures than in the case of roads and railways, which may be related both to the
relatively cheap construction cost of this type of infrastructure and to the essential political
role that was performed by the telegraph systems in nineteenth century European countries.
These two factors aso help to explain the fact that the fit between telegraph density and

economic density was lower than in the cases of railways and roads.

In the Spanish case, the density of the telegraph network was always quite adapted
to the country’s relative economic density. However, the gradual development of the
telegraph network length does not seem to have been accompanied by a sufficient increase
in the number of stations. As has been indicated by other researchers, the Spanish telegraph
equipment was very poor and, in this aspect, Spain lagged behind most European
economies. That deficiency, together with the high level of the Spanish telegraph rates, led
the degree of utilisation of the Spanish telegraph system to be one of the lowest in

Europe.3%®

In contrast, in the case of the Spanish telephone system, such a relative
disadvantage in terms of access points is not so clear or, at least, it was common to a large
number of European peripheral countries. As may be observed in table 4.7, in 1930 al
European countries with an income per capita lower than 3,000 Geary-Khamis 1990
dollars, with the exception of Finland, were at a huge distance from al countries richer
than that level. So, according to the table, the relationship between European nationa
telephone endowments and income per capita was not linear, but responded to some sort of
threshold process, in which the Spanish case fitted quite closely. *%®

4.5 Conclusions

This chapter has analysed the Spanish infrastructure endowment from a

comparative point of view, trying to draw some conclusions about the degree of

305 calvo Calvo (2001).

306 Finland and, at a higher level, Sweden and Norway stand out in the table for having a very high
telecommunication endowment in relative terms. Actually, those countries resorted to telecommunications as
away to improve welfare and the level of integration within the national economy of their least populated
areas. To that purpose, their governments stimulated the involvement of co-operatives and local councilsin
the development of the network, a strategy that contrasts with the changing and counter-productive Spanish
regulation of the telephone system during the period under analysis; see Calvo Calvo (1998), pp. 61 and 67,
and, on the development of the Nordic telephone networks, H.L. Webb (1911).
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infrastructure shortage that the Spanish economy might have suffered before the Civil War.
Comparison among national infrastructure endowments in stock terms is not easy, due to
the scarcity of estimates for other countries and the problems of comparability among
them. However, the available evidence might be consistent with a mild situation of
relatively low infrastructure endowment in Spain, as measured by the stock per unit of
output. In addition, it is possible to observe a decreasing trend in the share of infrastructure
within the Spanish capital stock from levels similar to other countries to relatively low

positions.

That analysis in stock terms has been complemented by a number of comparisons
in physical terms. In the case of the railway system, infrastructure construction was very
intense before 1870, and the Spanish economy seems to have had a network quite adequate
to its needs by that date. However, during the following decades, railway construction
sowed down, and Spain gradually lost ground in the context of the group of European
countries with similar economic density. On the other hand, the construction of
complementary transport networks in Spain also seems to have lagged behind other
countries with similar characteristics. Although the absence of waterways gave Spanish
roads a more crucia role in the global integration of the market than in other economies,
the construction of secondary roads seems to have been very sow in relative terms, which
would indicate that contemporary complaints about the insufficiency of the Spanish road

construction policy were well founded.

Finally, regarding Spanish telecommunication networks, the analysis has offered
mixed results. On the one hand, compared with other European countries, the Spanish
telegraph system seems to have been well developed in terms of network density, but
rather underdeveloped as far as the points of access to the system were concerned. On the
other hand, the growth of the Spanish telephone system seems to have adapted quite well at
the (rather disappointing) evolution of telephone infrastructure in most European

peripheral countries.

In summary, information presented in this chapter has shown that infrastructure
endowment in Spain tended to be similar or, in some cases, lower than in other countries
with comparable infrastructure needs. The next question to address is to what extent that
situation hindered the process of growth of the Spanish economy. The apparent shortage of

some types of infrastructure would be consistent with the existence of bottlenecks in the
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economy and, therefore, increases in infrastructure endowment might be expected, under
certain circumstances, to have provoked a dynamic response in terms of economic growth.
However, as was described in Chapter 1, the éasticity of production with respect to
infrastructure investment depends not only on the previous level of endowment, but also on
a large number of structural features. Therefore, increases in infrastructure might have
been unable to stimulate growth if other constraints were not removed. The following
chapter is intended to address this issue by measuring the response of the economy to
infrastructure stock growth during the period 1850-1935.
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CHAPTER FIVE

INFRASTRUCTURE AND ECONOMIC GROWTH IN SPAIN (1850-1935): AN AGGREGATE
ANALYS'S

5.1 Introduction

5.2 Thecyclical behaviour of infrastructure investment

5.3 Theimpact of infrastructure on Spanish economic growth
5.3.1 Description of the model
5.3.2 Estimation outcomes

5.4 Conclusions

5.1 Introduction

Chapter 4 has compared the Spanish infrastructure endowment between the mid-
nineteenth century and the Civil War of 1936 with that of other countries and has offered
some indications of an apparent shortage of some types of assets in the Spanish case. This
chapter is intended to complement that information with a first approach of the impact of

infrastructure investment on Spanish economic growth from an aggregate point of view.

For that purpose, this chapter analyses the relationships that linked the evolution of
infrastructure with the main variables of the Spanish economy both in the short and in the
long term. The first part of the chapter adopts a mere short-term perspective, and offers a
comparison between the cyclical fluctuations of infrastructure investment, gross output and
machinery investment. Although such an approach does not allow testing the existence of
causality relationships among the variables, it offers a number of interesting hints on the
forces that might have been behind their evolution, as well as on the possibility of short-

term associations among them.

Later on, an exercise is carried out to measure the aggregate long-term impact of
infrastructure on Spanish economic growth, through the econometric estimation of a vector
autoregressive system for the years 1850-1935. Although the paucity of the available

guantitative information and the shortcomings of the model raise some doubts about the
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outcomes of the estimation, the analysis seems to indicate that the impact of infrastructure
investment on Spanish economic growth was nil in the short term and very low and slow in

the longer term.

Apparently, that conclusion might be in conflict with the evidence that has been
presented in the previous chapter. A priori, it would be likely that the apparent shortage of
infrastructure might have provoked some bottlenecks in the Spanish economy and, as a
consequence, increases in infrastructure would be expected to have a positive impact on
economic growth through the elimination of those constraints. However, there are a
number of possible explanations for that apparent conflict. As was indicated in Chapter 1,
infrastructure is a necessary but not a sufficient condition for growth. In the Spanish case,
infrastructure might have been unable to foster economic growth if other essential factors
were lacking in the economy. In addition, infrastructure investment might have been ill-
oriented from a spatial or sectora point of view, and its inadequate regulation or

management after construction might have substantially diminished its final impact.

All those aspects, however, can only be dealt with at a disaggregated level, through
the analysis of the design, regulation and management of each type of infrastructure.
Chapters 6 and 7 congtitute a first step in that direction. Given the centrality of railways
within infrastructure and the attention that has been paid to them by historians, those
chapters are devoted to the study of the main features of the Spanish railway system, in
order to find out possible explanations for its low and slow impact on the economy. That
analysis should be followed by similar works for other branches of infrastructure, which

are left for future research.

Within this chapter, Section 5.2 is devoted to the description of the short-term
fluctuations of infrastructure investment, which are compared with the cyclical behaviour
of the main variables of the Spanish economy. Section 5.3 describes the model that has
been used to analyse the long-term impact of infrastructure on Spanish economic growth
and offers the main results of the estimation, together with some possible explanations for

them. Section 5.4 summarises the main conclusions of the chapter.
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5.2 The cyclical behaviour of infrastructure investment

This section compares the cyclical behaviour of infrastructure investment with the
available series of production and investment in machinery and equipment. The analysisis
merely descriptive, and tries to observe the degree of association between the movements
of those variables in the short run. Although no inferences on causality may be drawn from
this approach, the similarities and differences among the cyclica behaviour of those

variables offer interesting insights on the possible relationships among them.

The cyclical components of Spanish gross infrastructure investment, GDP,
industrial production and gross investment in machinery and equipment have been isolated
through the application of the Hodrick-Prescott Filter to the logarithms of the four
variables in the period 1850-1935.3%" The resulting cyclical fluctuations of each variable

are shown in Graphs 5.1 to 5.4, and their main features are summarised in Table 5.1.3%®

307 The Hodrick-Prescott Filter is asmoothing method that extracts both deterministic and stochastic trends of
the series. This property transforms it into one of the best means to detrend non-stationary series, given the
low power of the available unit-root tests. It calculates a smoothed series s of a variable y by minimising the
variance of y around s, subject to a penalty | that constrains the second difference of s. In other words, the
HP Filter choose s to minimise:

S-S’ + 1S ((S1-9) - (st- se))’

The penalty parameter | controls the smoothness of the series s the larger is |, the smoother is s. In this
research, | has been set at the most usual level in the case of yearly data (100). The cyclical component isthe
result of subtracting the smoothed seriessfrom the original variabley. One problem of the HP Filter is that it
is unable to eliminate fluctuations at the highest frequencies. Therefore, the resulting cyclical component
keeps the so called “noise component” that does not belong to the business cycle. Thisis mainly reflected in
higher levels of volatility in Table 5.1. For the HP Filter see, for instance, Canova (1999), p. 129, or Englund
et a (1992), p. 349.

308 Given the importance of the agrarian sector in the Spanish GDP during the period under study, it is
convenient to include industrial production in the analysis, because GDP fluctuations may reflect to some
extent the evolution of climate variables.
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Graph 5.1
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Graph 5.3
Cyclical fluctuationsin Spanish industrial production
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Table5.1
Cyclical behaviour of gross infrastructure investment, GDP, industrial production
and gross machinery investment in Spain (1850-1935)

Persist. Volat. Comov. with Comov. with inf. Comov. with
inf. (lagged) (sameperiod) inf. (next period)

Grossinfrastructureinvestment  0.73  20.85

GDP 044 374 0.41 0.51 0.55
Industrial production 0.50 5.25 0.32 0.52 0.56
Gross machinery investment 048 13.39 0.31 0.40 0.38

Persist: persistence (first-order autocorrelation coefficient).

Volat: volatility (standard deviation, %).

Comov: correlation coefficient between each variable and gross infrastructure investment in the previous, the
same and the following period.

Sources: GDP, industrial production and gross investment in machinery and equipment from Prados de la
Escosura (forthcoming); gross infrastructure investment from Appendix of Chapter 2.

As might be expected, both infrastructure and machinery investment fluctuations
present much higher levels of volatility than GDP and industrial output. Infrastructure
investment has also the highest degree of persistence, which reflects the indivisibility and

long period of construction of many infrastructure projects.

Regarding the comovements among the fluctuations of the series, infrastructure
investment cycles are positively correlated with the production variables, and the level of
association is always higher when infrastructure is taken in the following period than in the
same or in the previous one. The link between the fluctuations of infrastructure and
machinery investment is lower, and reaches its maximum intensity when both variables are
taken in the same period.

Nevertheless, figures in Table 5.1 are just average indicators of relationships that
were highly variable throughout the period. Graphs 5.5 to 5.7 capture that variability
through the 20-years moving correlation coefficients between the cyclical components of
infrastructure investment and the other three variables. As in Table 5.1, in these graphs
infrastructure investment is taken in the previous, the same and the next period as the other

three variables.

194



Infrastructure and economic growth in Spain (1850-1935): an aggregate analysis

Graph 5.5
Comovements between GDP and infrastructur e investment
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Graph 5.7
Comovements between machinery investment and
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Graphs 5.5 and 5.6 confirm that the association between infrastructure and
production is always higher when infrastructure is taken in the following period. On the
other hand, Graph 5.7 shows very similar correlation levels between the two investment
variables when infrastructure is taken in the same and in the next periods as machinery
investment. The lowest levels of correlation always appear when infrastructure investment

is taken with one lag.

The strong association between the main variables of the economy and gross
infrastructure investment in the following year indicates that fluctuations of the latter
followed with some lag the movements of the rest of the economy. Apparently, during the
period of study, episodes of high economic growth fostered infrastructure investment. That
situation would be the result of Wagner's Law, i.e. the impact on infrastructure of the
increase in the financial capacity of investors (and, especialy, of the public sector) due to
economic growth, although it might also reflect reactions to the upsurge of bottlenecks in
the economy. The relationship was especialy intense from the 1890’ s onwards, which may
be related to the importance of small scale and local-scope infrastructure during that
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period. In other words, during the last few years of the nineteenth century and the first third
of the twentieth century, infrastructure investment seems to have accommodated better to
the immediate needs of the economy, because the amounts involved in each project were
smaller and the link of infrastructure assets with production activities was closer than in the

previous period.

Infrastructure investment was much more independent of the fluctuations in the rest
of the economy between the late 1870's and the early 1890's. This would be consistent
with the high importance of railway investment during those years. Unlike other sorts of
infrastructure, railways were large scale projects of interregional scope and, therefore, their
degree of accommodation to the short-term fluctuations of the economy was lower. The
construction of railways took arelatively long time, and the bottlenecks they were intended
to break up had a much more structural and long-term nature than in the case of other types
of infrastructure. As a consequence, railway construction cycles were to some extent self-
sustained and did not adapt well to the global fluctuations of the economy.3%® Only during
the railway mania of 1855-1866 and the further crisis, is it possible to find a stronger link
between infrastructure investment and the rest of the economy, which was probably
associated with the central role that railway construction performed in the intense

fluctuations of the economy during those years.

Finally, correlation between production variables and lagged infrastructure
investment is rarely significant. This might be evidence of the little importance of the
elimination of bottlenecks by infrastructure and the irrelevance of its short-term “backward

effects’ on the evolution of the Spanish economy.

The only case in which this association was stronger was in the case of industrial
production during the 1920's and 1930's. This seems to confirm Jordi Palafox’s
considerations on the importance of public investment in the evolution of the Spanish
industrial sector during those years. As he indicates, the military regime established in the
country in 1923 was very senditive to the interests of the Spanish heavy industries, which

309 That particular behaviour of railway investment fluctuations has been pointed out for numerous countries.
Seg, for Britain, Kenwood (1965), pp. 314-319, and Hawke (1970), pp. 363-379, for the US, Fishlow (1965),
p. 179, for France, Caron (1983), p. 35, for Sweden, Hedin (1967), pp. 10-11, and, for Hungary, Katus
(1983), p. 191. Carreras (1999), pp. 41-45, considers the succession of long railway construction waves in
Europe as a continental phenomenon. On the other hand, the independent nature of railway investment
fluctuations may be related not only to technology but also to political factors, as is stressed by Fenoaltea
(1983), pp. 53-54, or Lévy-Leboyer (1978), pp. 249-250, and also to the railway companies strategic
behaviour within the railway oligopoly, asis suggested in Harley (1982), p. 797.
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had suffered an intense oligopolisation process in the previous period. During the
dictatorship of 1923-1930, public investment in certain sorts of infrastructure (such as the
rallway and road systems and hydraulic works) was four times as large as in the years
1917-1923 and became essential for the growth of sectors such as the machinery, iron or
concrete industries. These would otherwise have stagnated during the period, since the
deep structural problems of the Spanish agrarian sector substantially reduced the growth

prospects of domestic markets,3°

The end of the dictatorship and the establishment of a democratic republic in 1931
involved the end of that policy. During the early 1930's, public investment in infrastructure
was dlightly reduced and, more importantly, was much more aimed at decreasing
unemployment than at promoting the growth of Spanish heavy industries, being therefore
concentrated on labour-intensive works, such as the construction of rural paths and other
local assets. That change in the State infrastructure policy seems to have been influentia
on the negative evolution of the Spanish industrial production that may be clearly seen in
Graph 5.3.3!

In summary, three different periods can be distinguished in the short-term
relationship between infrastructure and the rest of the economy. Firstly, throughout the
violent fluctuations of 1855-1875, infrastructure investment and production evolved in a
very similar fashion. Secondly, during the last decades of the nineteenth century,
infrastructure investment, which was still dominated by rallways, behaved in a very
independent way. And, finaly, in the first third of the twentieth century, increases in
infrastructure adapted to the previous evolution of the economy. In all those three periods,
the short-term backward impact of infrastructure construction on the economy was not
noticeable, the only exception being its effect on industria production in the 1920's and
early 1930’s due probably to the changes in the State policies of industrial promotion

during those years.

All this evidence suggests some hypotheses about the relationships that were in
force between infrastructure and production in the Spanish economy during the period

under study. Whereas infrastructure seems to have responded quite closely to the growth of

310 pajafox Gamir (1980), pp. 23-31; see also Palafox Gamir (1991).

311 palafox Gamir (1980), pp. 32-33. However, unlike this author, Comin Comin and Martin Acefia (1984),
pp. 249-258, have pointed out that the small size of the public sector during the 1920’s and 1930’ s prevented
it from being decisivein the evolution of the Spanish industry.
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the rest of the economy at least during part of the period, the hypothetical impact of
infrastructure on growth would only be noticeable in the medium-to-long run, and would
be much more associated with changes in the overal conditions of the economy than to
immediate “backward effects’ or to the breaking-up of short-term bottlenecks. Obvioudly,
these are mere hypotheses, since the correlation coefficients shown in this section are not
proof of causal relations, and a comprehensive model is necessary to estimate the actual
links among those variables. The next section discusses the models that are available in the
literature to carry out this kind of exercise, and presents the concrete specification that has

been applied to the Spanish economy.

5.3 Theimpact of infrastructure on Spanish economic growth
5.3.1 Description of the model

Since the late 1980's a large amount of research effort has been devoted to the
estimation of the economic impact of infrastructure, in the context of attempts to explain
the contemporary slowdown in Western economies productivity growth. The most
common methodology in that type of research has been the estimation of restricted forms
of the aggregate production function, which allows the inference of the effect of

infrastructure stock on production or productivity through the elasticity coefficients.3?

The earliest examples of elasticity measurements were based on the OLS estimation
of standard Cobb-Douglas or translog production functions, on the basis of the available
time-series for the US and other economies. Those first analyses obtained very high
estimates of the elasticity of production with respect to infrastructure increases, which, in
some cases, were even higher than the elasticity to private capital formation.3'® However,
those studies immediately faced several criticisms. On the one hand, the value of the
elasticity estimates was said to change too much from one exercise to another, even when

referring to the same economy. For instance, estimates for the US were much lower if data

312 However, there are several methods that provide alternatives to the standard estimation of production
functions. Firstly, some researchers have measured the impact of accessibility on regional development. That
kind of analysis was initiated by Hansen (1959) and Clark et a (1969); a recent example may be seen in
Vickerman et al (1999). Secondly, Biehl has developed a model that is aimed at observing if infrastructure
acts as a limiting factor for regional growth, on the basis of the estimation of the development potential of
each region; see, for instance, Biehl (1991). Thirdly, a recent body of literature has focused on the
intertemporal efficiency of infrastructure investment, in order to detect the presence of periods of over- or
under-investment; see Otto and Voss (1998) and Bosca et a (2000).

313 See especially Aschauer (1989).
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were taken a the state level than at the federal level.®'* On the other hand, those initial
exercises contained serious technical shortcomings. For instance, the functional forms that
they used were criticised because they did not alow for the possibility of reverse causation
from GDP to infrastructure, for the existence of relevant missing variables (such as human
capital or input prices), or for more complex relationships than the standard Cobb-Douglas
or trandog frameworks, in which not only the direct impact of infrastructure, but also its
long-term indirect and external effects could be estimated. In addition, in the case of
research based on time-series data, those problems were made worse by the usual non-

stationarity of economic variables, which led to the possibility of spurious correlations.3'®

Regarding the first problem, a number of explanations have been produced to
account for the diversity of estimation outcomes among different analyses. On the one
hand, Alice Munnell has explained it precisely on the basis of the differences in the
geographical scope of the studies. From her point of view, the existence of spatial
spillovers prevents analyses with a narrow scope (e.g. those carried out for the US at the
state level) from capturing the share of infrastructure impact which benefits regions that

are far away from the area where infrastructure is located. 31°

On the other hand, John G. Fernald has indicated that the low value of the elaticity
estimates that are based on US data at the state level might be the result of the time sample.
In his analysis of the growth impact of road transport infrastructure, this author has
observed that the effects of road construction on the US economy were much larger during
the 1950's and 1960's, when the main US highway network was constructed, than
afterwards. According to Fernald, that temporal concentration of the impact of road
construction was related to the importance of network economies in the US long-distance
transport system. However, as US infrastructure data at the state level is only available for
1970 onwards, analyses carried out at that level are not able to capture those network
effects, and must focus instead on a period in which the elasticity of production with

314 Thisisillustrated by the works of Holtz-Eakin (1994), GarciaMila et al (1996) and Balmaseda (1996),
who obtain very low or even zero estimates of the elasticity of production or productivity with respect to
public capital in the US, just by carrying out the estimation at the state level and controlling for individual
state effects.

31% Those criticisms have been summarised, among others, by Munnell (1992), pp. 193-195, Hulten and
Schwab (1993), Gramlich (1994), pp. 1187-1189, Hakfoort (1996), p. 65, or Kessides (1996), pp. 214-215.
318 See Munnell (1992), pp. 193-194. Similarly, Vickerman et al (1999), p. 12, indicate that the importance of
leakages in infrastructure impact is much larger if small regions are taken as the unit of analysis.
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respect to transport infrastructure had substantially diminished, because the main highway
system had already been established.®’

In the last analysis, those two different views reflect the high complexity of the
relationship between infrastructure and growth, which may be different for each sector,
each spatial unit and each type of infrastructure, and may change with the level of
development of the economy, the previous level of infrastructure endowment and the
efficiency in the regulation and management of the stock. As a consequence, elasticity
measurement exercises should allow for the largest possible level of complexity in the
specification and in the underlying assumptions if they are to provide meaningful

conclusions.

There have also been a large series of attempts to improve the specification and
estimation procedures, as a response to the technical caveats that were raised about the first
elasticity estimation exercises. For instance, in order to allow for the possibility of reverse
causation from GDP to infrastructure, some authors have applied simultaneous equations
or instrumental variables estimation methods, and other researchers have estimated cost
functions instead of production functions, or have alowed for different effects of
infrastructure on each sector of the economy (under the assumption that individual industry

productivity is not likely to determine the overall stock of public capital).3®

Also to address the technical problems of the early specifications, a number of
researchers have applied a vector autoregressive (VAR) framework to the analysis of the
economic impact of infrastructure.®!® VAR systems are multivariate models, in which each
variable is explained by its own lags and lags of the other variables. Those models help to

overcome some of the shortcomings of the typica Cobb-Douglas estimations of

317 See Fernald (1999), who indicates that: “ Thus, the data seem consistent with a story in which the massive
road building of the 1950’'s and 1960’s offered a one-time boost to the level of productivity, rather than a
path to continuing rapid growth in productivity. This conclusion (...) is consistent with simple network
arguments” (pp. 620-621). See similar considerations in Hulten and Schwab (1993), p. 262, and, for Spain, in
Mas et al (1996), pp. 647-648.

318 For the application of simultaneous equations methods see, for instance, Duffy-Deno and Eberts (1991).
Instrumental variables estimation methods have been used not only to address the problem of reverse
causation but also to allow for measurement errors in the public capital stock figures; see, for instance, Finn
(1993) or Baltagi and Pinnoi (1995). Cost functions have been estimated, among others, by Berndt and
Hansson (1992), Lynde and Richmond (1992), Morrison and Schwartz (1996) and, especially, Moreno et a
(2002) and Bosca et al (1999) and (2002), who try to capture not only the direct effect of infrastructure but
aso its indirect long-term impact by allowing adjustments in the quasi-fixed inputs towards their optimum
levels. Finally, the assumption of different impacts among industries is made by Fernald (1999), who focuses
on roads, and classifies the manufacturing sectors according to the use they make of the road system.

319 gee, for instance, GarciaMila (1990), Clarida (1993), McMillin and Smith (1994), Otto and Voss (1996)
and Roca Sagal és and Pereira (1998).
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infrastructure impact, because they are specifically designed to analyse time series and to
deal with problems of non-stationarity. In addition, they are highly unrestricted systems
that do not impose any constraints on the functional form of the model, and allow for the
presence of mutual causation among the variables and for indirect long-run effects among

them.

The VAR framework is especially appropriate in the case of historical research, in
which the paucity of data prevents from using more sophisticated methods, and has aready
been applied by Groote, Jacobs and Sturm to the analysis of the impact of infrastructure on
the Dutch economy in the period 1853-1913.3%° As was indicated in the previous chapter,
the Netherlands might have suffered from a comparative shortage of infrastructure during
the late nineteenth and early twentieth century. Apparently, that shortage might have been
the origin of bottlenecks in the economy, and infrastructure investment might be expected
to have had a strong influence on Dutch economic growth through the removal of those
bottlenecks. The results of the VAR analysis carried out by those three researchers
unambiguoudly indicate a very positive short-to-medium term influence of infrastructure

increases on growth, which would be consistent with that expectation.

In this section, | present the outcomes of the estimation of a VAR system for the
Spanish economy in the period 1850-1935.%%! A priori, similar results to the Dutch case
could be expected, since Spain aso might have suffered some relative shortage of
infrastructure during the period under study. However, apart from this general expectation,
some additional hypotheses may be tested which are suggested by the evolution and
fluctuations of infrastructure construction. As has been repeatedly indicated, until the last
few years of the nineteenth century, infrastructure investment was dominated by the
building of the main railway system, whereas during the first third of the twentieth century
“local-scope” infrastructure became more important than large-scale networks.
Accordingly, different relationships between infrastructure and growth might be expected
in those two periods. In the first one, infrastructure investment may be expected to be

independent of GDP fluctuations in the short term and, in addition, its long-term impact on

320 Groote et al (1999). See also Groote (1996), pp. 59-75, and Sturm et al (1999).

321 Cubel Montesinos (1997) has also estimated a VAR system to analyse the impact of infrastructure on
Spanish economic growth in the years 1900-1935, and has observed a clearly positive effect of infrastructure
on industrial production. Cubel’'s exercise, however, is different from mine, for two reasons. On the one
hand, he does not use infrastructure figures but public capital data. Aswas indicated in Chapter 2, those two
variables were not equivalent before 1936. On the other hand, he expresses the capital variables in stock
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growth may be expected to be very large, since it would involve the integration of the
Spanish economy. On the contrary, in the first third of the twentieth century, infrastructure
investment would be expected to respond closely to the evolution of the economy in the

short run, and its long-term impact would be expected to be lower than before 1900.

Keeping these expectations in mind, a VAR system has been set out which is made
up of three variables. industrial output, infrastructure investment and machinery and
equipment investment. Unfortunately, there is not enough information to obtain continuous
series of Spanish industrial labour inputs. Although there are some figures for census
years, it is not possible to make interpolations among them due to the absence of a reliable
yearly series of total active population. As a consequence, this variable, which is essentia
in a production function framework, has been left out of the system, and this absence
reduces to some extent the interest of the results, which do no longer refer to productivity

growth but to output growth in absolute terms. 3?2

Industrial production has been selected as the output variable instead of GDP,
because, during the period of study, aggregate production was still very sensitive to
agricultural fluctuations. On the other hand, investment data have been preferred to capital
stock figures. Although capital is usualy included in stock terms in the standard
production function framework, the use of variables in stock terms in a VAR analysis
raises some problems, since they are usualy integrated of second order, whereas
production is highly unlikely to be s0.32® Therefore, investment figures have been preferred
here to keep the homogeneity among the time-series properties of the data.** However,

this choice means losing information on the longest term relationships between the

terms and, therefore, does not take into account the differences in the level of integrability of the series of
groduction and capital stock (see below).

22 |n other words, the absence of labour may lead to the overestimation of the growth impact of the
investment variables in the model for periods (such as the current one) of population increase. Groote et al
(1999) also exclude labour from their estimation for the Netherlands in 1853-1913. From their point of view,
there is atheoretical basis for this procedure, because the high level of indivisibility and the presence of IRS
in infrastructure makes its economic effects to pay off at the aggregate macro level. According to these
authors, “those aggregate effects would only partially be taken into account if population were used as a
scaling factor” (p. 237). However, a more appropriate way to deal with IRS in infrastructure would be
expressing production and machinery investment in per capita terms and infrastructure in absolute terms, as
is described in Aschauer (1989), p. 180, or in Otto and Voss (1996), p. 724.

323 See Haldrup (1998) and Otto and Voss (1996), p. 725. The application of unit root tests has indicated that
both infrastructure stock and the stock of machinery and equipment are | (2) or near-1(2) variables.

324 The same procedure is applied to the Dutch case in Sturm et al (1999), p. 360, also because of the better
time-series properties of investment variables. Alternatively, stock seriesin first-differences could have been
used. However, investment has been preferred because Spanish non-infrastructure stock figures are only
available for the period 1900-1935.
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variables, which must be kept in mind when interpreting the outcomes of the estimation. 32°

The series that make up the system are expressed in logs and can be seen in Graph 5.8.
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The series do not appear to contain any structural breaks in the period 1850-
1935.3%% |n this context, Augmented Dickey-Fuller and Phillips-Perron tests have been

325 More concretely, using investment instead of stock variables isto some extent equivalent to consider only
the influence of the pace of growth of capital on output, independently of the stock level. Therefore, the
presence of DRS or IRS in the relationships under study is missing in the analysis. Nevertheless, the use of
investment variables in growth analyses has been given some support by Scott (1993) or, from a different
gerspective, by Levine and Renelt (1992).

26 The Vogelsang test has been applied to infrastructure investment, industrial production and machinery
investment and no significant structural break has been found in any case. Cubel Montesinos and Palafox
Gamir (1998) observe the same absence of breaks before 1936 in the series of Spanish GDP estimated by
Prados de la Escosura (1995) and in the series of private investment estimated by Carreras (1990b). However,
they detect the presence of a structural break in 1870 in this author’s series of industrial production. That
break, however, has not been found in the most recent series of industrial production estimated by Prados de
la Escoura (forthcoming), which is used here. The comparison between the profiles of those two alternative
estimates of industrial production shows that the trough that may be observed in Carreras’ seriesin 1870 is
much more moderate in Prados de la Escosura’s estimate, which may explain the different outcomes of the
Volgesang test.
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applied to the series, in order to know the best way to deal with their non- stationarity. The

results of those tests are shown in Table 5.2.

Table5.2

Unit root tests

Variable ADF t-stat. PP t-stat.
Industrial production -2.49 -2.52
Machinery

investment -3.01 -3.21
Infrastructure "

nvestment -3.66 -2.38

Ho: Presence of aunit root.
* Rejection of the null hypothesis at the 5 per cent significance level.
** Rejection of the null hypothesis at the 1 per cent significance level.

According to the test results, in the case of industrial production and machinery
investment, the hypothesis of the presence of a unit root cannot be rejected, whatever the
test applied. In the case of infrastructure, the results are not so straightforward. The
presence of a unit root in the series cannot be rgected when the Phillips-Perron test is
applied, but it is rejected at the 5 per cent level when the Augmented Dickey-Fuller test is
used. In any case, given the margina character of the rgection, this variable could be

considered as a “near-unit-root” process.

On the basis of these results, two options are available for the specification of a
VAR system with these three variables. Firstly, the three series may be differenced or
detrended in order to obtain stationary variables. In the case of industrial production and
machinery investment, which clearly appear to be (1) variables, data should be
differenced. On the contrary, in the case of infrastructure investment, data should be

detrended to get a stationary process.

However, as a second option, the three series in levels could be dealt with as (1)
variables. This procedure would be justified by the fact that the available unit root tests are
not thoroughly able to disentangle the “true” character of the data. As has been said above,
in the case of infrastructure investment the rejection of the hypothesis of the presence of a
unit root is margina and depends on the test applied. Some authors have indicated that,
given the low power of the available tests, unit-root processes and near-unit-root processes

should be treated as equivalent.3?’ Therefore, the use of the series in levels has been

327 See Granger (1993), pp. 309-310, Pesaran and Smith (1998), p. 473, or Doornik et al (1998), p. 536.
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preferred here, since it has the advantage of keeping al the information that is contained in
the original data.

5.3.2 Estimation outcomes

The estimation of a VAR system with non-stationary series in levels only makes
sense if the variables are cointegrated. Before testing for cointegration, the number of lags
and the exogenous variables to include in the system must be selected. In the selection
process, multivariate generalisations of the Akaike and Schwarz information criteria have
been used, together with the observation of the residuals of each equation of the system.
The selected model contains seven lags, a constant and a trend. In addition, the possibility
of structural changes in the relationships among the series has been allowed for in the
specification for several reasons. On the one hand, the behaviour of infrastructure
investment during the railway mania of the 1860's had nothing to do with the further
evolution of the variable. On the other hand, as has been indicated above, from the end of
the nineteenth century the decreasing importance of railways within total infrastructure
investment might have altered the causal relationship between infrastructure and economic
growth. In this context, the values of the Akaike and Schwarz criteria indicate that a
change in the constant in 1865 and a shift in the trend in 1895 significantly improve the
estimation. In addition, a dummy variable for the year 1933 has been included in the
system in order to account for the positive behaviour of infrastructure investment that year,
which was completely anomalous in comparison with the evolution of industrial

production and machinery investment, as can be seen in Graph 5.8.

The resulting system has been subjected to the Johansen test for the presence of

cointegration among the variables. The results of the test are shown in Table 5.3.

Table5.3
Johansen cointegration test
Ho: No. of Coint. Relationships  Likelihood Ratio

None 67.82**
At most 1 17.37*
At most 2 2.64

* Regjection of the null hypothesis at the 5 per cent level.
** Rejection of the null hypothesis at the 1 per cent level.
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According to the outcomes of the Johansen test, the presence of two cointegration
relationships among the variables cannot be rgjected. This result allows the estimation of
the model with the variables in levels, as well as the interpretation of the estimates as
structura relationships. It is also consistent with the (1) or near-unit-root character of the
variables under study. However, the existence of two cointegration relationships, instead of
one, makes the error correction representation of the model meaningless and, therefore,

only the unrestricted representation is presented here.

Table 5.4 summarises the results of the estimation of the model. The applied
misspecification tests Breusch-Godfrey and Jarque-Bera) indicate that the residuals of al
three equations are serialy uncorrelated and normally distributed. For each of the three
equations, the table shows the sum of the coefficients of the lagged values of each
variable.3?® In addition, in order to approach the possible causal relationships among the
variables, it includes the result of the Wald test for the joint significance of the lagged
coefficients of each variable (c2, which can be interpreted as a Granger-causality test), and
aso the outcomes of the neutrality test, i.e. the Wald test of significance of their sum 2
sum, which tries to capture causality relationships in the long run). Obviously, Granger-
causality is not proof of real causality but of time precedence or predictability, and
hypotheses on causality based on these tests must also have a theoretical basis.

Table5.4
VAR model: summary of the estimation results
Equation
Y M |

c? Sum c? sum c? Sum c? sum c? Sum c? sum
Y 64.37** 0.76 50.00** 8.32 0.71 4.24* 17.56* 0.55 3.65
M 27.47+* -0.13 6.14* 56.43** 0.30 2.96 12.26 -0.21 2.17
| 7.03 0.09 117 5.35 -0.06 0.43 127.27+* 0.58 63.10**
Constant 4.29** -2.17 -0.65
Trend 0.01** 0.02 0.01
d1865 -0.01 -0.32* -0.55**
d1895 -0.001* 0.00 0.00
d1933 -0.05 -0.14 0.60**
BG 0.01 1.57 5.67
JB 0.54 0.29 5.16
Adj R? 0.99 0.98 0.96

Y: Industrial production.
M: Machinery investment.
I: Infrastructure investment.

BG: Breusch-Godfrey test of absence of serial correlation in the residuals.
JB: Jarque-Beratest of normality of the residuals.

* 5 per cent significance level.

** 1 per cent significance level.

328 Individual coefficients are not reported, since the overparametrisation of VAR models makes many of
them redundant and meaningless.
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According to the results of the Wald tests that are reproduced in Table 5.4, there are
three causal relationships among the variables that cannot be rejected, which go, on the one
hand, from industrial production to infrastructure investment and machinery investment
and, on the other hand, from machinery investment to industrial production. According to
the neutrality test, the impact of production on infrastructure investment has a mere short-
term character. On the contrary, the mutual relationship that links industrial production and

machinery investment has a long-term nature.

The model, therefore, captures the effect of Wagner’'s Law, i.e. the positive impact
of economic growth on infrastructure investment, as was already suggested by the analysis
of the short-term fluctuations of these two variables in Section 5.2. It also reflects the

positive impact of economic growth on investment in machinery and equipment.

On the contrary, neither investment variable appears to have positive effects on
growth. In the case of infrastructure, no evidence at al of a positive (direct or indirect,
through machinery investment) impact on economic growth is found, either in the short or
in the long run. This outcome would again be consistent with the findings of the short-term
analysisin Section 5.2.

Secondly, and more surprisingly, a dight negative influence of machinery
investment on growth is observed in the long run. The absence of a positive effect of
machinery investment on growth has aso been observed for the Netherlands in 1853-1913.
In that case, it has been attributed to the fact that, in the early stages of the industrialisation
process, machinery investment could only have an influence on economic growth after a
previous period of investment in infrastructure and after the integration of the nationa
market.3?° Nevertheless, those considerations are in conflict with the strong association
between machinery investment and growth that has been found by Bradford De Long in his
cross-country analysis for the late nineteenth and twentieth centuries. It is true that this
author has indicated that machinery investment might have played a less important role in
poor than in rich countries during the period, which might be relevant to understand the
Spanish case.**° However, this would explain the absence of a distinct positive impact of

machinery investment on growth, but not the presence of a negative influence.

329 Groote et al (1999), p. 240.
330 e Long (1992), p. 322.
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That striking result may be better understood by looking at the outcomes of the
impulse-response anaysis of the system, which are shown in Graph 5.9. This analysis
shows the gradual reaction of each variable to shocks coming from the others when all the
relationships in the system are considered. Therefore, it allows the observation not only of
the long-term effects that are reflected in the estimates of Table 5.4, but also of the short-
term relationships among the variables, 3!

Graph 5.9
I mpulse-response analysis

Response to One S.D. Innovations £ 2 SE.

Responseof Y to Y Response of Y to M Response of Y to |
0 0. 0
0.04{, 0.04 0.041
0,02\ _ 004 0.02)

AN \\_/’\/\// \\\ ) N 1 o~ ATl
000\ Q00NN S 0,00~
004 002 N~ o0d
o4l o o

2 4 6 8 1012 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14

Responseof M to Y Response of M to M Response of M to |
0.1 0.15 0.1
0.10 0.10
005F " . 0.05]
0.00p S o] 000 L
008 - o0 N
o 00— 01

2 4 6 8 1012 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14

Response of | to Y Response of | to M Response of | to |
0.15 0.15 0.15
0.10] 0.10 0.104\,
005/ A" 0.05] "\ -

-~ \\/_‘ ’__/‘~~ _____ N ‘\‘__/‘~__‘\__\
0.00p " 0.00— \ = :
-0.05 -0.05 N
-0.10 -0.10
o5 058 o5

2 4 6 8 1012 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14

331 To carry out this analysis, the usual ordering of the variables from the most to the least pervasive has been
applied. According to the results of the Wald tests in Table 5.4, the selected order has been: 1) industria
production, 2) machinery investment, and 3) infrastructure investment. However, given the low level of the
correlation coefficients among the residuals of the equations of the system, the selected order is not likely to
change the conclusions of the analysis.
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These graphs show that the impact of machinery investment on industrial
production was clearly positive in the short term, reaching its maximum level three years
after the shock. However, this unmistakable positive impact was overcome in the medium
run by an influence in the opposite direction, which helps to explain the estimation results
presented in Table 5.4. That process seems to be directly related to the behaviour of
machinery investment. As can be observed in the graphs, and unlike the other two
variables, the response of machinery investment to its own shocks is pogitive at first but
highly negative after seven years. This could be the result of the violence of investment
fluctuations, or the consequence of some sort of overshooting dynamics. Whatever the
reason, the intensity of that process dominates the response of the other two variables to
shocks coming from machinery investment after six years. So, the apparent lack of positive
influence of machinery investment on growth in the estimates presented in Table 5.4 seems

to be a statistical by-product of the anomalous behaviour of this variable.

The graphs also confirm the importance of production in the short-term evolution of
infrastructure investment, which was aready pointed out in Section 5.2 and corroborated
by the estimates in Table 5.4. And, finaly, they aso show the total absence of positive
impacts of infrastructure investment either on industrial production or on machinery
investment, in the short or in the long run. Therefore, the growth impact of infrastructure,
which was the main interest of the exercise, turns out to be absent from the estimation
outcomes. Obvioudly, this result should not be interpreted as a sign that infrastructure
increases were immaterial to the process of Spanish economic growth, but instead as an
evidence of the inability of the VAR system to capture their effects. In the last analysis,
this would indicate that the growth impact of Spanish infrastructure was too low and slow

to be observable in the model estimates.

Finaly, Graph 5.10 offers the variance decomposition analysis for the three
variables of the system. In other words, it shows the shares of the movements of each

series that are provoked by its own shocks and by shocks in the other variables.3?

332 The same order of variables asin theimpul se-response analysis has been applied.
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Graph 5.10
Variance decomposition of the variables
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The results of this analysis are consistent with previous considerations. Starting
with industrial production, most of its forecast error variance is explained by its own lags

in the first years, asis usual in variance decomposition analysis. However, as time goes by,

an increasing share is accounted for by machinery investment. Although the meaning of
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that influence is not clear from the seventh period, due to the anomalous behaviour of the
model that has been detected in the Impulse-Response graphs, before the seventh year the
variance analysis confirms the importance of machinery investment in the short-to-medium

run evolution of industrial production.

On the other hand, machinery investment shows a much higher degree of autonomy
than industrial production during al the time horizon, which is consistent with its
anomalous influence on the behaviour of the whole system. And, finally, regarding
infrastructure investment, the analysis confirms the importance of production in its short-
run variation, as well as the prominence of machinery investment from the sixth or seventh

year, athough this second result must be interpreted cautiougly.

5.4 Conclusions

This chapter has examined the relationships between infrastructure investment and
the main variables of the Spanish economy. The anaysis has been carried out in two
stages. Firstly, the short-term fluctuations of infrastructure investment, production and
machinery investment have been compared. As a result, infrastructure investment has been

found to follow with some lag the evolution of Spanish GDP during the period under

studly.

Secondly, a VAR system with three equations corresponding to infrastructure
investment, industrial production and machinery investment has been estimated, in order to
investigate the presence of causal relationships among those variables both in the short and
in the long term. Unfortunately, several shortcomings of the exercise raise some doubts
about the outcomes of the estimation. Firstly, labour is absent from the system due to the
lack of sufficient data. Secondly, in the case of infrastructure and machinery, capital stock
has been replaced by investment, due to the time-series properties of the series, which
prevent the estimation of a system that combines stock and production variables. Thirdly,
the system has resulted highly sensitive to the violent behaviour of machinery investment
and, as a consequence, some actual relationships may have been disguised in the final
estimates.

Keeping these problems in mind, as far as infrastructure is concerned the estimation

has provided two main findings. On the one hand, as the short-term analysis had previously
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shown, infrastructure investment seems to have responded closely to output fluctuations, in
a Wagner’s Law-type process. On the other hand, the model is totally unable to capture the
impact of infrastructure on Spanish economic growth. This anomalous result admits
severa possible interpretations. Obvioudy, it might be associated with the features of the
infrastructure building cycle. The lack of coincidence between the railway construction
waves and the behaviour of the whole economy during the last decades of the nineteenth
century might have made it difficult for the model to capture structura relationships

between the variables.

However, the incapacity of the model to reflect the growth impact of infrastructure
might also indicate that this impact was too low and took place too slowly to be captured
by standard time-series analysis. There are several reasons that might explain the
hypothetical low level and slowness of the impact of infrastructure on growth. On the one
hand, as has been repeatedly indicated, the numerous mistakes in the design, regulation and
management of infrastructure that have been described both by contemporaries and
historians might have substantially reduced its growth effects. But, on the other hand, the
downess of the impact might also reflect that infrastructure was not acting as a binding
constraint for Spanish economic development. In other words, during the period under
study other shortcomings might have had a stronger influence on Spain’s economic growth
than the apparent shortage of some types of infrastructure that was described in the
previous chapter, and might therefore have prevented the economy from reacting quickly

to infrastructure increases.

In fact, the inability of the model to capture the growth impact of infrastructure in
Spain might be considered as an extreme expression of what happened in the case of the
Netherlands. The results of the aforementioned model for that country indicate that the
impact of infrastructure increases on Dutch economic growth only peaked three to five
years after the investment had taken place. In order to interpret that outcome, the authors of
that exercise decomposed the medium-term growth impact of infrastructure increases into
a positive influence, the so-called “forward linkages’ (i.e. the reduction in costs brought
about by new infrastructure), and a negative one, the so-called “transitional dynamics’

(which would reflect the costs of adapting the economic system to structural changes).>*

333 Groote et al (1999), p. 242-246. The concept of transitional dynamics is also suggested in Button et al
(1995), and is similar to the notion of costs of adjustment to infrastructure increases, which is described, for
instance, by Lakshmanan (1989), p. 245, or Capello and Gillespie (1993), p. 44.
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The concrete time pattern of the growth impact of infrastructure increases (in other words,
the shape of the Impulse-Response graphs) would depend on the relative timing of each
one of these two components.

“Transitional dynamics’ may be related to the costs of relocation of economic
activity, and also to phenomena such as crises in the industries of the less developed
regions when they are connected to more advanced areas. Obvioudly, it would be expected
to be larger in the case of the construction of a new system, such as the railway network.
The presence of that negative effect explains the low level of the growth impact of Dutch
infrastructure in the very short-term. In that country, the strength of “transitional
dynamics’ partially overcame the short-term benefits of cost reduction, especially during

the first two to four years after the construction of new assets.

Indeed, in a country with a lower level of development than the Netherlands, the
costs of adaptation of the economy to the availability of new infrastructure had to be
higher. Due to the presence of growth constraints of different kind in the economy and to
the subsequent lack of incentives, Spanish investors would have been much slower to adapt
to new dSituations. In that context, “transitional dynamics’” would have overcome the
“forward linkages’ of new infrastructure during a much longer period of time. And this
may help to explain why the results of the estimation of a VAR system with a limited time

perspective do not show any positive impact of infrastructure increases on production. *3*

In summary, the outcomes of the analysis that has been carried out in this chapter
may be explained on two grounds. On the one hand, the inadequate design, regulation or
management of infrastructure might have reduced or delayed the fulfilment of their growth
impact. And, on the other hand, infrastructure might not have acted as a growth binding
constraint during the period under study, in spite of the relative shortage of some assets,
due to the higher importance of other limits to economic growth. These two problems,
however, would be to be found in very different degrees among different types of
infrastructure. It must be kept in mind that the estimates that have been presented in this
chapter are just average indicators of many different relationships. They mix the growth
impact of those types of infrastructure that act in a rather immediate way, such as urban

transport, with the effects of some assets that may take many decades to reach ther

334 However, it does not seem convenient to expand the lag length of the VAR system, because this
expansion results in a substantial worsening of the behaviour of the estimation residuals.
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maximum potential impact, such as irrigation systems. As has been indicated in Section
5.1, an adequate understanding of the reasons for the hypothetical low level and slow
character of the growth impact of Spanish infrastructure may only be obtained by adopting
a sectoral perspective and by anaysing the specific features of each component of
infrastructure stock. Chapters 6 and 7 constitute an initial step in that direction, and suggest
some hypotheses on the growth impact of the Spanish railway system, which was the

country’s most important infrastructure during most of the period under study.
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CHAPTER SIX

THEIMPACT OF RAILWAYSON THE SPANISH ECONOMY BEFORE 1936

6.1 Introduction
6.2 The social savings of Spanish railway freight transport: alter native estimates
6.3 An interpretation of the social saving of Spanish railways

6.4 Social savings and beyond: the impact of railways on Spanish economic

growth
6.5 Conclusions

Appendix. Spanish railway cost function

6.1 Introduction

This chapter reviews the evidence on the economic impact of Spanish railways before the
Civil War of 1936-1939. It condtitutes a first step towards a more disaggregated study of
Spanish infragtructure, which may help to explain the negative outcomes of the growth andyss
that was carried out in Chapter 5. Out of the tota infrastructure stock, raillways have been
selected because they were the most important part of Spanish infrastructure during most of the
period under study, and aso because they have been a privileged object of atention for

higorians.

As was described in Chepter 1, the early highly pessmigtic historicd analyses of the
Spanish raillway system were followed in the 1980's by a much more optimistic perspective
coming from Antonio Gomez Mendoza's research. Among other contributions, this historian
provided estimates of the socia saving of the Spanish railway freight transport for the years 1878
and 1912. The figures he obtained were remarkably high compared with the available estimates
for other European countries. This result was consdered by the author as evidence of the strongly

positive impact of railways on nineteenth century Spanish economic growth, and was attributed to

217



the high dependence on roads that would have characterised the Spanish transport system in the
absence of rallways. The lack of adternative trangport means would dready have given rise to
serious bottlenecks in the Spanish economy by 1850 and would aso have caused freight
transport to be extraordinarily expensve after that date in a hypothetical counterfactua economy
without railways.

Spanish higtorians, however, have been rather reluctant to accept Gomez Mendoza's
main conclusions. Some of them observe a contradiction between his high socid saving estimates
and the poor private returns of the Spanish railway companies. In Tortella s words, for instance:

“the question must be raised that, if transport was so badly needed and its
shortage was constraining growth, why demand was so insufficient, traffic so
scarce, and financial results so poor once railway lines and networks had been

constructed.”>*

According to Tortella, the low dengty of use of the lines and the financid failure of the
companies congtitute powerful evidence that the economic effects of the Spanish railways were
lower that expected. Although recognising that the potential benefits of the railway system were
very high, he inggts that a number of factors, such as the poverty and excessive disperson of
Spanish markets or the State’'s mistakes in the regulation of railway congtruction, prevented the
complete fulfilment of that high potentid. As a result, dthough so far virtudly no technicd
criticisms have been made of Gémez Mendoza's socid saving estimates, they have been said to
be unlikely, and much closer to potentia benefits than to the real economic impact of the railway

system.

However, the companies poor financid results do not prove that the economic impact of

Spanish railways was lower than expected. As Sanchez de Toca pointed out in 1917:

“(...) eveninthoselines (...) without enough traffic to pay back the invested

capital (...) the State’s gain in cheapness and improvement of public services (...)

%5 Tortella Casares (1999), p. 250 (my tranglation).
% | bidem, pp. 250-253. See also Comin Comin et a (1998), Vol. 1, pp. 140-141.
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may be enormous, and the benefits spread over the economy that travels on them

even higher” %

Actudly, even in the case of unprofitable railway companies, the gains accrued to
transport users could have been very subgtantid, as has been pointed out in the case of England
and Waes®® And, in addition, the railway sysem could adso have made some externd

economies available to people or firms acting as other than trangport users or producers.®*

In that context, this chapter ams a testing Tortdlaand other historians hypotheses on the
low impact of Spanish ralways and the implaughbility of Gomez Mendoza's socid saving
edimates not through the andysis of the companies performance, but by reviewing direct

evidence on the overal economic effects of the railway system.

The chapter is organised as follows. Firstly, Section 6.2 reassesses Gomez Mendoza s
socid saving estimates and suggests a number of possble adjustments, which result in lower
figures. This outcome would be inconsstent with the importance of road transport in a
counterfactua Spanish economy without railways, and Section 6.3 tries to account for that
inconsgtency. Findly, Section 6.4 combines the results of the socid saving andlysis with other
evidence, in order to offer a more complete picture of the economic impact of Spanish railways.

The main conclusions of the chapter are summarised in Section 6.5.

6.2 The social savings of Spanish railway freight transport: alter native estimates

In the last few decades, estimates of socia savings have often been used as an indirect
approach to the impact of atechnological innovation on economic growth. In the case of railways,
socia savings can be defined as the additiond cost of trangporting a country’s railway output of
one year by the next best aternative means. This measureis claimed to provide an indicator of the
resource saving brought about by raillways. It is actudly an upper bound of the red resource
savings, since the dadticity of transport demand is assumed to be zero in the estimation, and the

%7 Sanchez de Toca (1917), p. 48 (my translation).

8 Hawke (1970), p. 360.

%9 |bidem, p. 381. In Robert Fogel’s words: “an investment which is unprofitable for the firm can be
strategically important for the growth of the economy -for the increase in per capita income- only if it
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volume of output is therefore fixed at the level that it had in the railway economy.* Although
socia savings conditute just a preliminary gpproach to the growth effects of the railway system,
their use in raillway history has been widespread, because they provide a comparable indicator
both of the economic impact of rallways and of the reduction in trangport bariers within a

country.>*

In the case of Spain, in the early 1980's Gdmez Mendoza estimated the socid savings on
freight transported by Spanish railways for the years 1878 and 1912.3* As a result of his
exercise, he offered severd dternative figures. Firdly, he presented an “interim” estimate,
according to which railway socid savings would have amounted to 516.4 million pesetasin 1878
and 2,336 million pesetasin 1912, i.e. 11.8 per cent and 18.5 to 23 per cent of Spanish national
income respectively.®?® Secondly, he corrected the 1878 egtimate for the presence of idle
resources in the economy,** in two stages. In the first one, which he caled the “inventory
solution”, he assumed that, in the absence of rallways “any increase in the level of
transportation demand will be entirely satisfied by the pool of unemployed peasant
carriers’.* This assumption reduced the opportunity cost of road transport in the counterfactual
economy and, as a consequence, brought the socia saving estimate down to 40.3 million pesetas
in 1878, i.e. 0.92 per cent of nationa income®*® In the second stage, which he caled the
“intermediate solution”, he assumed that the transport demand generated by the closure of
rallways would be supplied by unemployed carriers only during the four off-peak months of the
agricultura working year in which men and animas were idle. In that case, which the author

simultaneously servesto increase the productivity of labor and capital in firms other than the one in which
the investment is made” ; Fogd (1960), p. 94

¥0 See Fogel (1979), p. 5.

¥1 On the differences between the social savings and the “true” growth impact of railways, see below (Section
6.4).

¥2 Gomez Mendoza (1981), pp. 25-114. Before this author’s research was published, Casares Alonso (1973),
pp. 367-377, carried out an estimate of the social savings on freight and passengers transported by Spanish
railways. However, his attempt was based on insufficient or wrong information on output and transport costs
and, therefore, cannot be compared with Gémez Mendoza' s work.

¥3 Gomez Mendoza (1981), pp. 67-71. In further publications, those amounts were increased, due to a higher
estimate of the carting rate and a correction of the 1878 railway output, to 535.8/536.2 and 2,425 million pesetas
respectively, i.e. 11.9 per cent of national incomein 1878 and 19.2 to 23.7 per cent in 1912; see Gémez Mendoza
(1982), pp. 94-96, and GOmez Mendoza (1989a), pp. 195-196. The transport of freight at high speed
(perishables, excess luggage, etc.) and livestock is excluded from those estimates.

¥4 The problem of the presence of idle resources for the estimation of social savings was stressed, in the case
of the Mediterranean countries, by Toniolo (1983), and had previously been raised from a more general point
of view by Fogd (1964), pp. 108-109, and Fishlow (1965), p. 30.

¥° Gémez Mendoza (1981), p. 79.

2 | bidem, p. 95.
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consdered to be the most likely, resource saving due to the introduction of railways came to 326

million pesetas or 7.5 per cent of Spain’s nationa incomein 18783

Gomez Mendoza warned that, especidly in the case of the last two estimates, those
figures should be increased by the indirect costs associated with holding higher stocks in the non-
ralway economy. He estimated those cogts in the case of the cod transported by the two man
rallway companies (Norte and MZA) and, on the basis of that example, concluded that indirect
costs would have been inggnificant in the “interim” and “intermediate’ cases and would have
increased the “inventory” estimate only by 7.7 per cent.3*

According to these results, if the “interim” or (in the case of 1878) the most likely
“intermediate’ solution are considered, Spain would rank among the countries with a highest ratio
of ralway socid savings to GDP both in 1878 and in 1912. As may be observed in Table 6.1,
only the percentages for Mexico in 1910 and Brazil in 1913 would be higher than the Spanish
ones*® The high level of socid savings in Spain was atributed to the prominence that roads
would have had in a counterfactua Spanish transport system without railways, unlike the Stuation
in other countries with a better endowment of navigable rivers or with better possibilities for cand
congtruction and coastal trade.*® And Gomez Mendoza himself used his socid saving estimates
to refute some historians claims that the resources devoted to the congtruction of Spanish

railways had been excessve.®*

7 | bidem, pp. 89 and 95.

¥ | bidem, p. 94.

¥° Figures in Table 6.1 are not totally comparable due to differences in the estimation methods. For instance,
Fogel’s estimate for the US in 1890 is the only one to alow for improvements in alternative transport
infrastructure in the absence of railways, which brings his percentage downwards relative to the others. On
the other hand, in the case of the least developed countries in the table, whereas the Spanish estimates are
corrected for the presence of idle resources in the economy, the Mexican, Brazilian and Colombian ones are
not, and may therefore contain serious upward biases for this reason. Finally, the French figure is just the
result of avery preliminary calculation, and no information is available on the methods followed to elaborate
the Belgian one.

0 See Fogel (1964), p. 31, and O’ Brien (1983b), pp. 12-13.

%1 See, for instance, Gémez Mendoza (1989a), p. 196.
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Table6.1
Estimates of social savings on freight transported by railways

Date SS expressed as
a share of GNP (%)

Belgium 1846 1
us 1859 3.7
us 1890 4.7
England and Wales 1865 4.1
Russa 1907 45
France 1872 58
Colombia 1927 3.4/7.9
Spain 1878 7.5
Spain 1912 18.5/23
Brazil 1886 45
Brazil 1913 22
Mexico 1910 24.9/38.5

Sources: For England and Wales, Hawke (1970), p. 196; for the US in 1859, Fishlow (1965), pp. 37 and 52; for
the USin 1890, Fogel (1964), p. 223; for Russia, Metzer (1977), p. 50; for France, Caron (1983), p. 44; for Spain,
Gomez Mendoza (1981); for Belgium, Laffut (1983), p. 221; for Mexico, Coatsworth (1979), p. 952; for Brazil,
Summerhill (1997), p. 104; and, for Colombia, Ramirez (2001), pp. 89-91.

Despite their reluctance to accept Gomez Mendoza's man conclusons, Spanish
historians have not raised mgor criticisms on the technical details of the estimation so far.®?
However, snce the outcomes of that research were published a great ded of additiona
information about the Spanish economy has become available, which enables the socid saving
figure to be revised. In this section, | suggest three possble adjusments to the origind Gomez
Mendoza's edimates, in terms of the railway and road transport rates that he used in his
caculations and the GDP data with which his estimates were compared.

%2 The only exception isBarquin Gil (1999), who has suggested an alternative social saving figure for 1878 of
1.3 per cent of Spanish national income. The main difference between Barquin Gil's and Gémez Mendoza's
estimations is that the former allows for the re-routing of transport flows in the counterfactual economy
without railways, by assuming that traffic between two points would take the most economic combination of
road and water transport, even if it meant alonger distance than the direct road connection. Although Barquin
Gil’s assumption reduces the comparability of his figure (because most available estimates do not make that
allowance), it is acceptable from a conceptual point of view; see Fogel (1964), pp. 26-27. However, in order to
find out which would have been the hypothetical re-routing of flows in the counterfactual economy, it is
necessary to know the actual distribution of railway transport among different routes in the actual economy.
Asthisinformation is not available, Barquin Gil assumes that the transport flow between each pair of Spanish
provinces was proportional to their population. This leads him to assume for 1878 a much longer average haul
for freight railway transport than the actual one, because he ignores the effect of distance on the level of
interprovincial trade. In addition, he also assumes too intense trade relationships among coastal provinces,
because the Spanish periphery was much more densely populated that the interior. Both assumptionsincrease
the potential for the replacement of railways by coastal transport (instead of roads) and, therefore, bring
downwards the social savings figure. However, both of them are egually unlikely, because interprovincial
trade al so depended on distance and the economic structure of each area.
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1. Railway rates/marginal costs

As Gomez Mendoza indicated in his estimation exercise, in Spain “railway rates were
determined through monopolistic considerations rather than pure competition.”®®
Monopoligtic Stuations were predominant in the Spanish railway system due to the low dengty of
the network, which excluded the possbility of overt competition on most routes. In addition, in
those few cases where competition was possible, colluson between companies may be traced
back to the 1870's.** Accordingly, Spanish railway market rates cannot be assumed to have
coincided with trangport margina costs and, therefore, cannot be used to calculate the socid

swing >

As asubgtitute, Gomez Mendoza resorted to the so-called “internd rate’ of the two main
rallway companies (Norte and MZA), which they used to book in their accounts the conveyance
of goods for their own use. The average values of the market and the “interna” rates per ton-km
in those two companies were, respectively, 0.085 and 0.022 pesetas in 1878 and 0.071 and
0.015 pesetasin 1912.%°

However, there is no guarantee that “internd” rates reflected the actud level of margind
cogts, Snce nineteenth century railway companies accounting practices excluded the possibility of
properly estimating the margina cost of their production.®” In this context, an dternative way to
approach the level of railway margina costs is the estimation of cost functions®*® whose basic

formis

C=C(Y,W,T),

%3 Gomez Mendoza (1981), p. 45.

%4 Collusion was only broken in some routes during short periods of time, e.g. in the link between Madrid and
Bilbao in the years 1865-1875, or in the route Barcelona-Saragossa in 1895-1896. Both competitive situations
came to an end thanks to formal agreements between Norte and MZA in 1875 and 1896. On this subject see
Casares Alonso (1973), p. 123, Comin Comin et a (1998), VVol. 1, pp. 216-217, or Pascual Domenech (1999b), pp.
465-469.

%5 Actually, oligopolistic strategies were not the only reason for market rates to be different from marginal
costs. In addition, public regulation and subsidies also led the final level of railway rates to behave
independently of cost considerations.

%% Gémez Mendoza (1981), p. 70.

*" This problem is described in Thompson (1991), pp. 2-5, who indicates that nineteenth century companies’
calculations of marginal costs tended to be far under-estimated; see also Hawke (1970), pp. 290-291.

%8 This alternative is suggested by Fogel (1979), p. 21.
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where Ciscod, Y isthe vector of outputs, W is the vector of input pricesand T istime, which is
aproxy for the growth of efficiency due to technologica and organisationd change. In the case of
ralways, however, cost per unit of output depends not only on factor prices, the level of
efficiency and the level of production, but aso on certain characteristics of each company’'s
network, such as the average haul or load. It istherefore usud to include in the function additiona

variables to represent the effect of those characteristics.®®

The estimation of such a function dlows the decompostion of changes in rallway costs
into its different sources price vaiations (through the coefficients of W), growth of output
(through the coefficients of Y) technica progress (through the coefficient of T) and changes in
network characterigtics. In addition, it aso dlows the caculaion of margind cogts, since the
estimates of the output coefficients can be considered as cost dadtidities a the sample mean.*®
Findly, under that specification it is dso possble to estimate the leve of returns to dengity in the
ralway sysem. They measure the cost effect of an increase in output, holding al other factors
(including network characteristics) congtant, and are usualy calculated as the inverse of the sum
of dl cost dadticities with respect to different outputs. Returns to density calculated in that way

congtitute an indicator of the opportunities to reduce cost through increased use of the network. %

Table 6.2 reports the results of the estimation of a generdised trandog multiproduct cost
function for an unbaanced pand of Spanish broad gauge railway companies during the period
1858-1935.%* The sample, the sources of information and the complete set of etimates are
offered in the Appendix. The endogenous variable is each company’s yearly variable cogt, and
network length has been included among the explanatory variables to proxy the level of the quas-
fixed inputs®® Although network length does not coincide with the value of the companies
capital stock, it has often been used as a proxy variable for it, especidly in those cases, such as

%9 Caveset a (1985), pp. 100-101.

%0 See Oum et d (1999), pp. 25-26, or Caves et a (1985), p. 106.

%! The main reason for the presence of returns to density in railways lies in the economies in the use of train,
labour and equipment that they provide; on this subject see Keaton (1990), p. 212.

%2 |n the estimation of cost functions, atranslog specification is usually preferred because it provides a much
more general representation of the cost structure than the Cobb-Douglas framework; see Dogdson (1993), pp.
163-164.

%3 Although the use of variable costs is more adequate than the use of total costs in productivity analysis,
the exclusion of capital costs must be accounted for by including among the explanatory variable a measure of
the quasi-fixed inputs. Otherwise, coefficients might be biased, because output elasticities estimated from a
cost function which excludes capital costs will only be the same as if capital costs had been included if the
production function ishomothetic; see Dogdson (1993), p. 160.
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the current research, in which the necessary information on each company’s assdts is

incomplete3*

The network characteristics of each company are represented by individua dummies®*®
However, in a sample such as the current one, with very smadl and very large companies, there
may be ahigh leve of collinearity between, on the one hand, the individud dummies and, on the
other hand, the companies level of output and/or network length. As a consequence, company
dummies may be capturing part of the cost variation which would be explaned by other
variables>* To account for this problem, two different specifications of the model are estimated.
The firgt one includes individuad dummies and the second one excludes them. The “true’ vaue of
the coefficients would probably be somewhere in between the two estimates.

In summary, the estimated modd is

INC= b°+b'T + SbYInY +b"InN + Sb"InW + %2 SSb*InYInY +
+ % b"™InNInN + %2 SSb"¥InWInW + Sb™InYInN + SSb""InYInW +
+ Sb™InNInW + (F),

where Y represents output, W factor prices, N network length and F is a st of individud
dummies which are only included in the firs specification. ESimates in the table are feasble
generalised least squares robust to the presence of cross-section heteroskedadticity.

%4 See, for instance, Winston (1985), p. 63.
%% See Caveset a (1985), pp. 100-101.
%% Oum et a (1999), pp. 26-27.
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Table6.2
Generalised trandog cost function of Spanish broad gauge railways
(1858-1935)

@ @

Fixed No fixed
effects effects
N° Obs. 1,056 1,056
Adj. R? 0.99 0.99
Time 0.009** 0.001
(8.828) (1.0x4)
Ton-km 0.905** 0.730**
(4.935) (3.915)
Passenger-km 0.079 0.164
(0.486) (1.056)

Network length ~ -0.815%*  -0.521**
(-5.930) (-4.752)

Labour price 2.502** 1.230**
(4.471) (2.603)
Coal price 0.055 0.368
(0.1%9) (1.011)
Iron price 0443 0.037
(1.803) (0.142
RTD 1016 1114

* 5 per cent significance level.
** 1 per cent significance level.
t-ratiosin brackets.

Some of the resultsin Table 6.2 are anomdous, but it is difficult to know if they reflect the
true cost structure of the companies in the sample or result instead from the bad quality of the
data and the shortcomings of the specification. Firgly, the time coefficient is pogtive (athough
non-ggnificant in the second specification), which indicates a negdtive rate of technologica
change. Actudly, this coefficient would be expected to be smdl but negative. Although
technology in the railway sector did not suffer mgjor changes between the 1870’ s and the generd
adoption of electric power,*’ there were some opportunities to increase efficiency through the
companies agreements to share infrastructure or rolling stock, the use of sted instead of iron

rails, and increases in locomotive power or in car capacity.>*®

%7 See, for instance, Hawke (1970), p. 312, or Cordero and Menéndez (1978), pp. 282-283.

%8 See, for instance, Wellington (1898), pp. 113-114, Fishlow (1965), p. 56, and (1966), pp. 634-642, or O’ Brien
(1983Db), p. 11. On the benefits of alliances among companies in the field of productivity, see also Pratt (1908),
pp. 396-398, Cain (1972) or Irving (1978), p. 65.
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All those three aspects experienced certain progress in the Spanish railway system during
the period under study and, therefore, ceteris paribus, productivity should have been growing
dightly astime went by.**° In this context, a possible explanation for the positive coefficient of the
time variable would be avery high rate of depreciation in the Spanish rallway system, which might
be associated with the fact, often regretted a the time, that the companies financid problems
prevented them from undertaking a sufficient rate of renewa investment.3

The factor price coefficients have the expected sgn. However, only in the case of labour
is the coefficient sgnificantly different from zero, which would indicate that this variable captures
al the effect of cogt inflation. On the other hand, the network length coefficient, which is intended
to gpproach the vaue of the quas-fixed inputs of each company, is sgnificant and has the
expected Sgn.

Both output coefficients are postive as expected. However, in the case of passenger
trangport the coefficient is not sgnificantly different from zero, which is an extreme expresson of
the usual greater importance of freight in the determination of railway costs®* Output coefficients
a0 reflect the presence of returns to dendity in the railway sysem, which are in line with those

obtained for other historical or present economies.®

They show therefore some opportunities to
reduce codis by increasing the dengty of traffic. Given the gpparently low impact of technological
change on the reduction of cogts, the evolution of traffic dendity turns out to be a key variabdle in

the growth of the Spanish railway productivity.

%9 Spanish companies tried to increase productivity by different means. Firstly, by the substitution of steel for
iron rails, which was widespread in Spain in the 1870's and 1880's; see Gémez Mendoza (1982), pp. 126-129.
Secondly, by increases in locomotive power, although these could not be taken advantage of completely due
to deficiencies in carriages, wagons and track; see Cordero and Menéndez (1978), pp. 286-287, Comin Comin
et a (1998), Val. 1, pp. 102-106, and Boag (1923), p. 2. Finaly, by companies mergers and takeovers; see
especially Tedde de Lorca (1996), pp. 277-279. However, the effects of this last aspect seem to have been very
moderate in Spain. On the one hand, most technical characteristics, such as signalling or tunnel height,
remained different among companies or even among the lines of a single company when part of them had been
acquired from other firms. On the other hand, attempts to co-ordinate operation between the largest
companies were numerous, but still in 1933 they were said to be insufficient. On these problems, see Cordero
and Menéndez (1978), pp. 187-320.

¥ On this issue, see below (Section 7.3). A negative rate of technological change has also been found for the
European railway systems in 1969-1993 by Andrikopoulos and Loizides (1998), pp. 1633-1635, who have
partially attributed it to the advanced age of equipment.

371 Seg, for instance, Foreman-Peck (1990), p. 79, Dogdson (1993), p. 167, or Caveset a (1985), p. 107.

372 See Winston (1985), pp. 66-68, Oum and Zhang (1997), p. 313, or Foreman-Peck (1987), p. 113 (note that the
concept of returns to density asis presented in the text is close, although not equivalent, to Foreman-Peck’s
concept of returnsto scale).
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As has been indicated before, output eagticities dlow inference of the margina costs of
the Spanish railway system at the sample mean. The results of that caculation are presented in
Table 6.3. Figures in the table, however, are only a proxy for the actua ones, for two reasons.
Firgly, the cost function that has been estimated only refers to broad gauge railways, which might
have introduced minor biases in the edtimate for 1912, snce in that year the narrow gauge
network had aready experienced a substantial development. Secondly, and more importantly, the
output coefficients in the cost function are dadticities at the sample mean. Actudly, eadticities may
have varied throughout the period according to factors such as the level of output, input prices,
time or even the regulatory regime. Therefore, figures in the table may contain certain biases of an

unknown direction and magnitude.3"

This shortcoming might have been overcome, to some
extent, by estimating the model for shorter periods, through which the conditions of operation of
rallways were more homogeneous. However, the worsening in the efficiency of the estimation

when shorter samples are consdered has prevented advancesin that direction.

Table6.3
Cost elagticity, average cost and marginal cost in Spanish railway freight transport
Y ear Cost Elasticity ~ Average Cost Marginal Cost Market Rate “Internal” Rate
(pesetas/ton-km)  (pesetas/ton-km) (pesetas/ton-km) (pesetas/ton-km)
1878 0.730/0.905 0.069 0.050/0.062 0.085 0.022
1912 0.730/0.905 0.053 0.039/0.048 0.071 0.015
Sources:

Cost elasticity: my own figure (see Table 6.2).

Average variable cost per unit of freight output: for output, Gdmez Mendoza (1981), p. 70; for aggregate
variable cost, MAEOP.

Marginal cost = Cost elasticity x average cost.

Market rate and “Internal” rate: Gomez Mendoza (1981), p. 70.

The resulting margind cost estimates are, in both cases, higher than the “internd” rate,
dthough Hill lower than the market rate, which is conagtent with the lack of competition in the
sector. Therefore, according to the estimation results, the use of “internal” rates to represent the

level of railway margina costs might be mideading and a higher rate would be more appropriate.

%73 On this problem, see Andrikopoulos and L oizides (1998), p. 1630, and Wilson (1997), p. 35.
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2. Road transport prices.

As has often been pointed out, one of the main drawbacks of socid saving caculationsis
the difficulty to find “sufficient information on tariffs charged by road and water transport
which could pass any of the standard tests applied to representative samples of data or to
averages derived from such samples’.*" In the case of Spain, that problem mainly affects road
transport, Snce mogt railway output would have shifted to roads in the counterfactual economy.

Unlike raillways, it is possible to use market prices of road transport as representative of
margina costs, Since the sector had a competitive business structure a the time.” Unfortunately,
information on Spanish road trangport prices for the late nineteenth and early twentieth centuriesis
very scarce, and assumptions on the their level in the counterfactual economy must be based on
incomplete data™ In the case of GOmez Mendoza's research, the main source of information
was a nation-wide questionnaire carried out in 1884 on the prices of wine trangport by road.>”’
From that information, Gdmez Mendoza estimated the level of road transport rates in the
counterfactual economy as 0.79 pesetas per ton-km in 1878 and 0.84 in 1912. Although the
1884 report only contained information on trangport of wine, Gdmez Mendoza considered those
rates gpplicable to dl commodities, because rates for wine were in a centrd podtion within the
rate spectrum of one of the main railway companies (Norte). From his point of view, snce the
compogtion of freight transported in the counterfactual economy had to be the same asin the redl
economy, wine rates could also be assumed to be in a mid position among the counterfactua

road transport rates.>®

Nevertheless, the assumption that the price of wine transport by road is representative for
al commodities on the bass of its podtion in the ranking of rallway raes is difficult to sustain.
Actudly, that ranking may have been very different for railways and roads, due to the technica

74 O Brien (1977), p. 113; see also Fogel (1979), pp. 14-29.

375 See Gémez Mendoza (1989a), p. 194. The most important source of divergence between market prices and
marginal costs is associated with the costs of road construction, which were paid by the public sector and
only partially included in the carriers’ cost function through taxes on traffic fportazgos) before 1869 and
(although only over some highways) in 1877-1881; see Gémez Mendoza (1981), p. 72, and (1999a), p. 724.
However, some authors consider that the capital costs of alternative transport means must not be included in
the social saving calculation, because they would have been met anyway, even if the railway network had not
been closed as the counterfactual economy assumes; see especially McCleland (1972), p. 475.

36 The absolute lack of information on Spanish road transport during the second half of the nineteenth
century has been stressed by Frax Rosal es and Madrazo (2001), pp. 39-40.

377 See Gémez Mendoza (1981), pp. 57-66 and 111-112.



differences between those two trangport modes, and also because railway companies, unlike road
cariers, did not establish their market rates according to margind costs, but tried to favour
certain trangport flows. In fact, Gomez Mendoza himsdf recognised that the rates of wine
transport by road could be higher than for other commodities at the time>” The use of those
rates therefore condtitutes a possible source of upward biases in the counterfactua exercise, and
makes the estimation of adternative figures appropriate. However, this is not an easy task, due to
the inadequacy of the available information, and al suggested corrections can only be rough and
provisond.

The main commodities carried by Spanish railways in the years under study were wine,
grain and cod.*® For wine, the 1884 questionnaire that was used by Goémez Mendoza may be
accepted as the highest-quaity source among the available ones. Its main problem is that it
reports carrying rates for hauls under 74 km in the case of pack animas and under 89 km in the

case of carts.®!

These are much shorter distances than the average haul of rallway transport in
1878 and 1912, which was, in the case of Norte and MZA, 247 and 157 km respectively.®* As
the unit cost of road trangport decreased with distance®? it is not clear to what extent the figures
in the questionnaire are relevant for the flows involved in the counterfactua exercise. In addition,
the questionnaire information relates to secondary roads that fed railway stations, which may be
assumed to have been lower qudity than those highways thet ran pardld to railway lines and that
would have received the traffic shifted from railways to the road system in the counterfactud
economy. Gomez Mendoza's rates may therefore be considered as an upper bound of the
counterfactual wine rates, but the lack of dternative information prevents attempts to reduce the

possible upward biases.

Regarding commodities other than wine, the largest available amount of information on
road transport in the nineteenth century relates to grain. On the contrary, evidence available on
cod transport pricesis very scarce. In the case of grain, Santos Madrazo, usng information on

%78 | bidem, p. 61.

%% Goémez Mendoza (1982), p. 0.

%0 See, for instance, Comin Comin et a (1998), Val. 1, pp. 225-238.

%1 Gémez Mendoza (1981), p. 111.

%2 See sources for Norte and MZA hauls in the Appendix of this chapter. Actually, individua companies
hauls understate the actual average haul of the Spanish freight railway transport, because they do not allow
for the transhipment of goods among companies; see Gomez Mendoza (1981), p. 36.

%3 | bidem, p. 60.
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four routes that ran between the coast and the interior of the country, estimated the average rate
of long-distance road transport at 0.41 pesetas per ton-km by the mid-nineteenth century. This
figure is consistent with those provided by other researchers®* and has therefore been used here
as representaive of the rates for grain trangport in the counterfactua economy. Its main
drawback is the fact that it comes from a period severd decades before the years of the
counterfactual exercise and, therefore, does not include the effect of changes in prices or in the
quality of the road system after 1850.%° However, it has been accepted here due to the lack of
information on road transport prices during the raillway age.

A weighted average of Gdmez Mendoza's wine and Madrazo’'s grain rates has been
caculated according to the shares of grain and wine in the freight transport of the two man
railway companiesin 1878 and 1912. The resulting road market rates are 0.54 and 0.60 pesetas
per ton-km respectively, which have been incorporated to the socid saving calculation.®®
However, it must be stressed that road rates condtitute the weakest part of both Gémez
Mendoza's and my own socid saving estimation exercises, and that the new rates are only
intended to reduce to some extent the sze of the upward biases that may have affected that
author’ s estimates.

3. GDP figures.

Gbmez Mendoza based his caculation for 1878 in Mulhdl’s estimate of Spanish nationd
income. For 1912, he used two aternative figures, which had been elaborated by the Consejo de
Economia Nacional and Julio Alcaide®’ However, since the early 1980's, the quantitative
information available on the higtoricd evolution of the Spanish economy has experienced a huge
increase. On the bads of that information, Prados de la Escosura has recently estimated a new
series of Spanish nomind GDP which, for 1912, has given support to Julio Alcaide’s estimate

%4 See Madrazo (1984), p. 749, and similar road transport ratesin Garrabou and Sanz Fernandez (1985b), p. 48,
and Barquin Gil (1997), p. 35.

% The lack of precise information on the dates of Madrazo’s estimate prevents from correcting it for price
inflation. However, the general level of Spanish pricesin the 1840°'s would be very similar to that of 1878 or
1912, according to the series of Castilian prices by Reher and Ballesteros (1993).

¥ The shares of grain and wine within Norte and MZA freight transport have been obtained from the
information on the composition of those two companies’ traffic that is reproduced by Anes Alvarez (1978), pp.
497-505.

%7 See Gomez Mendoza (1981), p. 67, and Alcaide Inchausti (1976).
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(the difference between the two figures being only 1.6 per cent), and which, for 1878, is instead

twice as large as Mulhdll’s figure3%®

Table 6.4 shows the effects of introducing each one of the three suggested adjustmentsin
the origind Gomez Mendoza' s edimation of the socid savings of Spanish rallways in 1878 and
1912, aswdll asthe dternative estimates that result from introducing al of them.

Table6.4
Alternative estimates of social savings on freight transported by Spanish railways (1878
and 1912)

1878 1912
A)Gbmez Mendoza's | Railway economy:
estimates (a) Railway output (million ton-km) 876.1 3,780
(b) Railway rate (pesetas per ton-km) 0.02165 0.015
(c) Railway output (million pesetas) (ax b) 19.0 56.7
Counterfactual economy:
(d) Canal output (million ton-km) 8
(e) Canal rate (pesetas per ton-km) 0.1403
(f) Canal output (million pesetas) (d x €) 11
(g) Coastal output (million ton-km) 81 475
(h) Coastal rate (pesetas per ton-km) 0.04053 0.04245
(i) Coastal output (million pesetas) (g x h) 3.3 20.2
() Road output (million ton-km) 669 2,809
(k) Carting rate (pesetas per ton-km) 0.7937 0.8447
() Road output (million pesetas) (j x k) 531.0 2,372.8
(m) Social saving (million pts) (f+i+l-c) 516.4 2,336
(n) Criginal GDP (million pesetas) 4,375 10,210/12,638
SS/Original GDP (m/n) (%) 11.8 18.5/23.0
B) Suggested
adjustments.
1. Railway rate (o) Alternative rate (pesetas per ton-km) 0.050/0.062 0.039/0.048
(p) Socia saving (million pesetas) 481.1/491.6 2,211.3/2,245.3
SS/Origina GDP (p/n) (%) 11.0/11.2 17.5/22.0
2. Carting rate (g) Alternative rate (pesetas per ton-km) 054 0.60
(r) Socia saving (million pesetas) 346.7 1,648.6
SS/Original GDP (r/n) (%) 79 13.04/16.15
3.GDP (s) Alternative GDP (million pesetas) 87222 12,840.8
Origina SSAlternative GDP (m/s) (%) 5.9 185
1+2+3 (t) Alternative social saving (million pts) 311.3/321.9 | 1,524.12/1,558.1
(u) SS/GDP (t/s) (%) 3.6/3.7 11.9/12.1

Sources: Gémez Mendoza (1981), pp. 69-70, except for the alternative carting rate -my own estimate, on the
basis of Gémez Mendoza (1981), Madrazo (1984) and Anes Alvarez (1978)-, aternative GDP, from Prados de la
Escosura (forthcoming), and my own alternative railway rates (Table 6.3).

Note: Railway output does not coincide with the sum of output figures by alternative means, because these
have been corrected in order to account for the circuitousness of the Spanish railway system; see Gémez
Mendoza (1981), pp. 70-71.

%8 Prados de la Escosura (forthcoming).
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Figuresin Table 6.4 are by no means afind result. In fact, they are just an upper bound
of the “true’ resource savings brought about by Spanish railways in freight transport, and the sze
of the upward biases involved depends on severd different factors. Firdly, the dadicity of
trangport demand is assumed to be zero in the estimation. As Robert Fogd points out, the bias
associated with that assumption depends both on the true demand eadticity and on the ratio
between counterfactua and railway transport margina cogts. In the Spanish case, even with quite
alow dadticity of -0.4, that bias would be around 47 per cent of the “true’ socid saving in 1878,
and 82 per cent in 1912.%%°

Secondly, the estimates in Table 6.4 do not dlow for the re-routing of transport flows.
However, this would have been very rdevant in an economy such as the Spanish one, in which
some railway routes might be replaced by a combination of road transport and coastal navigation
with much longer distance but much cheaper than the direct road connection. For instance, before
the rallway age, the wheat produced in Northern Castile was shipped to Cataonia not directly by
road but by boat from the Northern coast, circumventing the Peninsula, and it is likely that this
indirect route would have been used again in a counterfactua economy without railways.>®
Unfortunatdly, the lack of precise information on the origin and destination of the actua railway
flows prevents the estimation of the magnitude of thisbias.

Findly, figuresin Table 6.4 are basad on the assumption of full employment of the national
resources. However, a certain share of the transport shifted from railways to roads in the
counterfactual economy would have been performed by idle peasants in the off-peak season of
the agriculturad working year, and would therefore have had a very low opportunity cost. As has
been pointed out, Gimez Mendoza dready considered this possibility and caculated dternative
socid saving estimates by gpplying a lower carting rate for the counterfactua trangport system.

%9 According to Fogel, assuming a transport demand function such of the following form: Q = DP®, the bias
caused by setting the demand elasticity at zero, expressed as a percentage of the “true” social savings, is

given by: [(f1'9-1)/(1-e)(f-1)-1]x100, wheref is the ratio between counterfactual and railway transport marginal
costs; see Fogel (1979), p. 10. For the value of f in Spain see below (Table 6.6). It is not possible to estimate
the elasticity of transport demand in Spain, because the railway output figures available for the period have
been estimated by dividing the companies’ revenues by the average market fares. Therefore, the estimation of
a demand function with those data would suffer from serious endogeneity problems. The biases indicated in
the text may be considered as lower bounds for the true ones, since —0.4 is among the lowest elasticity
estimates available for nineteenth and early twentieth transport systems; see, for instance, Coatsworth (1979),
p. 951, Summerhill (1998), p. 390, and Ramirez (2001), p. 100.

% See, for instance, Garrabou and Sanz Fernandez (1985b), p. 49.
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That rate only included the increase in the maintenance expenses of idle draught animas when
they were incorporated to transport activities (since al other expenses would have been met
anyway without the counterfactud transport shift), and was carefully estimated by Gomez
Mendoza as 0.082 pesetas per ton-km.>*

The application of that rate to al freight trangported by road in Table 6.4 (the so-called
“inventory solution”) would bring down the new socid saving estimate to around 0.15 per cent of
Spanish GDP in 1878 and 0.65 per cent in 1912. If it were applied only to part of that freight
(“intermediate solution™) the resulting estimates would be 2.46 per cent of Spanish GDP in 1878
and 8.21 per cent in 1912.*% These percentages should be increased by the indirect costs
incurred by firms holding higher stocks in the absence of railways, athough these were estimated
to be quite low by Gomez Mendoza, especidly in the “intermediate’ solution.>*

The viability of these solutions, however, mainly depends on the availability of draught
animds in the Spanish agrarian sector during the period under study. Any statement on this issue,
however, must remain mere conjecture. Apparently, the livestock available in Spain during the last
few decades of the nineteenth century might have been able to cope with the 669 million ton-km
that would have been shifted from railways to roads in the 1878 counterfactua economy. In that
year, horses, mules and donkeys amounted in Spain to gpproximately 2,400,000 head, and cattle
to 2,600,000 head.** The carrying capacity of that stock is impossible to know, because no
information exigts on the number of animas that were dready involved in transport in the red
economy (and therefore, on the idle capacity for transport in the off-pesk season of agrarian
work). A preliminary idea of this cagpacity, however, is provided by Gomez Mendoza, who
indicates that, at the technologica leve of the second half of the nineteenth century, the (full-time)
yearly transport capacity of an equivalent population of 130,619 horses would be around 216.5
million ton-km.** Under those conditions, it is likely that the livestock available in 1878 would
have been able to accept the additiond transport demand. Therefore, the “inventory” or the most

¥ See Gomez Mendoza (1981), p. 88. In further publications, that rate was increased to 0.144 pesetas per ton-
km; see Gémez Mendoza (19893), p. 198.

%2 These percentages are obtained by applying the average of the two alternative railway rates that are
reported in Table 6.4.

3 Gomez Mendoza (1981), p. 94.

¥ These figures result from alog-linear interpolation between the data for 1865 and 1891, that are available in
Grupo de Estudios de Historia Rural (1985), p. 276.
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likely “intermediate’ estimate (2.46 per cent of GDP) might be closer to the “true’ socid saving
than the “interim” solution that is presented in Table 6.4.3%

Certainly, the situation would have been different in 1912, when the road transport sector
would have had to carry 2,809 million additiond ton-km, an amount four times as large as in
1878. In that year, the number of horses, mules, donkeys and oxen in the economy was virtudly
the same as in 1878, which indicates that the idle transport capacity in the off-pesk season of the

agricultural working year would not have grown much in the meantime.®’

As a consequence, the
prospects to reduce the margind cost of road transport through the use of idle resources would
have been lower in 1912 than in 1878. In other words, the upward bias associated with the
presence of idle resources would be much smdler in the 1912 estimate than in the 1878 figure,
and the “intermediate’ solution would no longer be an upper bound of the “true’ resource saving.
As a consequence, the “interim” solution reported in Table 6.4 (12 per cent of Spanish GDP) has

d 398

been preferred here as such upper boun

%% Gomez Mendoza (1983), pp. 150-151.

%% 0On the other hand, Ramon Garrabou has recently warned of the tendency in the historiography to
overestimate the situations of peasant underemployment in the Spanish economy. Actually, the complexity of
the agrarian activity would have involved much higher labour demands than are usually assumed; see
Garrabou (2000), p. 30. In the case of the social saving, this would imply lower prospects of resorting to idle
peasants during the period under study and, therefore, a higher opportunity cost of road transport. In other
words, the “true” social saving might be in between the “interim” and the “intermediate” solutions. However,
all considerations around this issue must remain mere suggestions due to the lack of precise quantitative
information. Therefore, for the sake of comparability | have kept in my research Gémez Mendoza's
assumptions on the likelihood of each solution in 1878 and 1912 respectively.

%7 Grupo de Estudios de Historia Rural (1985), p. 276. Obviously, in a counterfactual economy without
railways, the number of draught animals would have increased according to road transport demand. However,
this growth would not have increased the idle transport capacity during the off-peak season of the agrarian
year, since the additional animals would have been full-timeinvolved in the transport sector.

%8 Apart from the three sources of upward biases that have been mentioned, there is a potential downward
bias associated with the possibility of congestion of the alternative transport means in the counterfactual
economy; on this subject, see Fishlow (1965), p. 29, or O’'Brien (1977), p. 46. In case of congestion, marginal
costs might have been much higher than the rates indicated in Table 6.4. Gomez Mendoza raises the issue of
congestion only for 1878. For that year, he shows some evidence of excess capacity in the Canal of Castile, as
well as in the Spanish ships engaged in coastal navigation. However, it is not clear that domestic ship
capacity constitute an adeguate indicator of congestion, since transport services could be hired from foreign
agents. In fact, the only really unavoidable congestion costs would arise from the capacity of the existing
infrastructure, both in the case of road and water transport. Regarding this matter, however, it is not possible
to draw definite conclusion, although the possibility of infrastructure congestion does not seem very likely.
Firstly, as Gomez Mendoza indicates, the actual quality of roads was probably “good enough to bear the
higher volume of road traffic due to a railway closure”; see Gomez Mendoza (1981), p. 27. Secondly, in the
counterfactual economy, capital that was not invested in railways would have gone to alternative
destinations, and might have been used to improve water and road transport infrastructure, as in Fogel’s
social saving estimation for the US, where an additional 5,000 miles of canals that never existed were allowed
for in the absence of railways; see Fogel (1964). Although that allowance is not made in most estimations for
other countries, which are based on the ceteris paribus hypothesis, it lies within the possible specifications of
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6.3 An interpretation of the social saving of Spanish railways

Although the ratio of the new Spanish socid saving estimate to GDP in 1912 (12 per
cent) is dill high in comparative terms, in the case of 1878 the 2.5 percentage is much closer to
ratios for other European countries than the origind Gomez Mendoza s figures. Apparently, the
new 1878 ratio would be inconsistent with the generdly accepted idea that railways were more
vitd in countries with less opportunities for water transport>® However, this apparent
contradiction may be darified just by looking at the way in which that ratio is usudly cdculated,

e
SS = (PALT- PFC) X QFC/ GDP,

where P and P, ; are, respectively, the margina cost of railway and counterfactud transport,
and Q. isthe railway trangport output in the red economy.

Broadly spesking, the leve of the term (P, - Px) depends on the share of railway output
that would be shifted from ralways to roads in the counterfactud Stuation. Given the minor
importance of waterways in nineteenth century Spain, this share was very high in that country
compared with other European economies. However, the socid savings are aso determined by
the term (Q-/GDP), i.e. the ratio between railway output and GDP.*® And, in this respect, Spain
ranked much lower than those countries with which it has been compared. Table 6.5 shows the
leve of the term (Q-/GDP) in severa European economies. The table reports the ratio between
the total ton-km and passenger-km transported by each railway system and the level of GDP in
1990 Geary-Khamis dallars. Obvioudy, those figures are not drictly comparable among
countries, due to the different vaue and compostion of trangport services in each economy.
However, the table offers a preiminary picture of the huge differences in what might be called the
“railroadization” of the European economies during the period under study.

the social saving calculations. Actually, it constitutes a step further from a pure partial equilibrium approach
to the isolation of the unique attributes of the railways, which isthe final interest of the social saving exercise;
see O'Brien (1977), pp. 33-34, Fogel (1979), pp. 6-7, and Crafts (2000), p.4. In the Spanish case, there was little
scope for the extension of waterways, but it is likely that congestion in roads and ports might have been
avoided.

% See, for instance, Fogel (1979), p. 31, O'Brien (1983b), pp. 12-13, and Gomez Mendoza (1989a), p. 201.

“® The importance of this factor has been stressed by Coatsworth (1979), p. 939, and McCloskey (1987), p. 67,
among others.

“ The term “railroadization” comes from Schumpeter (1939), Vol. 1, p. 325.
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Table6.5
Railway output/GDP in some European economies (1870-1910)
A) Freight transport (ton-km per thousand 1990 G-K $ of GDP)

1870 | 1880 | 1890 | 1900 | 1910
Russa 282 316°
Germany 75 | 144 | 180 | 211 | 248
France 74 | 132 | 131 | 144 | 185
Begium 50 | 111 | 125 | 149 | 165
Sweden 26% | 50° | 69° | 111 | 162
England and Wales | 86% | 106 | 106 | 102 | 115"
Finland 4 21 33 79 84
Switzerland 69 82
Italy 38° | 49° | 79
Spain 26% | 43° | 43° | 54" | 68
Netherlands 33" | 51° | 58 65
Norway 9 14 28 28 60
Denmark 25 | 38 | 48
B) Passenger transport (passenger-km per thousand 1990 G-K $ of GDP)

1870 | 1880 | 1890 | 1900 | 1910
Germany 57 69 0 115 157
Belgium 46 76 84 125 155
Switzerland 106 152
France 62 75 88 126 145
Russa 9 | 1219
England and Wales | 58° 88 | 109 | 118
Finland 1 29 40 78 | 101
Sweden 24 | 33° | 4° | 63 %
Denmark 50¢ | 77 eY!
Norway 8 18 36 a4 69
Netherlands 38° | 44° | 46 63
Italy 42° | 48° | 57
Spain 282 | 29 | 32¢ | 38" | 48

Sources: GDP figures are the product of income per capita and population of each country, obtained
respectively from Maddison (1995b) and Mitchell (1988) and (1998). Railway output comes from Mitchell
(1998), except for the following: for Belgium, it comes from Laffut (1983), p. 215; for England and Wales, from
Cain (1988); for Sweden in 1870-1890, it has been taken from the Statistisk Arsbok for Sverige; for Switzerland
in 1900, it comes from the Stati stisches Jahrbuch der Schweiz. Finaly, in the Spanish case, output figures for
1900-1910 have been taken from MAEOP, and for 1870-1890 have been estimated by dividing the freight and
passenger revenues of the whole railway system, which is aso available in MAEOP, by the average fare of the
two main firms (Norte and MZA). These companies rates are calculated by dividing their freight and
passenger revenues by their total ton-km and passenger-km of output, which are available in Anes Alvarez
(1978), pp. 487-491, and Gémez Mendoza (1989b) pp. 291-294.

Notes: (a) 1871; (b) 1881; (c) 1891, (d) 1893; (€) 1899; (f) 1901, (g) 1913; (h) 1911; (i) 1912.

The reasons for the differences among countries in Table 6.5 are diverse. For ingtance, in
the case of Denmark and the Netherlands, geography and a highly developed water transport
network would have reduced the need for railway transport, which helps to explain the low level
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of the ratio in those two countries. But, undoubtedly, the factor that seems to have the greatest
influence on figures in Table 6.5 is the level of economic development.*” Railway transport was
less used in those countries, such as Spain, whaose regiona economies were less specidised, and
where industry accounted for a lower share of totadl GDP. The demand for raillway transport in
each country only increased with the growth and the geographicad concentration of industria
production and with the regiona specidisation of economic activity.*®

Table 6.6 reports the value of the two variables that determine the ratio of socid savings
to GDP (i.e. P,.+/P- and Q. / GDP) for severa European economies for which they are readily
avalable. The table clearly shows that, in the case of Spain, the huge cost difference between
rallways and the aternative trangport means was largely overcome by the minor role played by
rallway trangport in the Spanish economy during the period.

“2 The increasing share of the railway sector in GDP as the process of economic development advances may
be observed from a single country perspective in Krantz (2000).

% The most striking feature of Table 6.5 is the high position of Russia in freight transport. This would
contradict Metzer’s statement that the social saving of Russian railways was low in 1907 due to the minor
importance of railway transport and trade in the Russian economy. According to data in the table, the low
level of the Russian social saving might only be attributed to the large share of transport that would have
been shifted to waterways in the counterfactual economy; see Metzer (1976), p. 109, and also below (Table
6.6). One possible explanation for the high degree of “railroadization” in Russiawould be the very long haul of
railway transport, which has been noted, for instance, by White (1976).
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Table 6.6
Differences in unit costs between railway and counterfactual freight transport, ratio of
railway freight output to GDP, and social savingsin European economies

Englandand France Russia Spain  Spain
Wales(1865) (1872) (1907) (1878) (1912)

PaL1/Pecin freight transport 26 31 2.6 5.0 10.4
Freight railway output / GDP

(ton-km per 1,000 1990 G-K $) 67.31 1038 268.0 28.8 70.9
Railway social savingin

freight transpor t/GDP 38 5.8 45 25 12.0
Sources:

a) Pa 1/P=: for Russia, Metzer (1977), pp. 42 and 49; for England and Wales, Hawke (1970), pp. 88, 156 and
188; for France, Caron (1983), p. 44; and for Spain, Section 6.2.

b) Qr/ GDP: for Russiaand France, Mitchell (1998) and Maddison (1995b); for England and Wales, Qg from
Hawke (1970), p. 88, and GDP from Maddison (1995b) and Deane (1968); English and Welsh GDP is
assumed to be 81 per cent of the UK GDP, as in Hawke (1970), p. 196. For Spain, Qrc comes from Table 6.4,
and GDPfrom Prados de la Escosura (forthcoming) and Maddison (1995b).

c) Socia saving/GDP: for Russia, Metzer (1977), p. 50; for England and Wales, Hawke (1970), after correcting
GDP by afactor of 0.81; for France, Caron (1983), p. 44; and for Spain, Section 6.2.

Notes: Figures for England and Wales exclude livestock. Spanish figures relate to the “intermediate” solution

in 1878 and to the “interim” solution in 1912 (see above). The ratio Py /P always takes into account the

change in distance between the counterfactual and the railway transport routes, as well as the increase in
indirect costs, when available. Obviously, the last line is not exactly proportional to the product of the first
and second lines, because the original ratios given for England and Wales, France and Russia by Hawke,

Caron and Metzer were calculated on the basis of different GDP figuresto Maddison’ s ones.

The low levd of the ratio of rallway output to GDP in Spain helps to explan that the
Spanish socid saving on freight trangported by railways was not higher in relative terms than the
English and Welsh, the French or the Belgian ones by 1878, despite the prominence of roads in
the Spanish counterfactud economy. Tha Stuation would gradudly have changed as the
possihilities to use idle resources in the counterfactual road transport decreased and, as a
consequence, the difference between trangport costs in the red and counterfactua economy
increased. By 1912, the low leve of “ralroadization” of the Spanish economy seems to have
finaly been overcome by the large difference between P, and Px, and the ratio of socid saving
to GDP would probably be among the highest in Europe at that date.*** However, it remained
much lower than the equivdent figure for large non-European countries such as Mexico and

Brazil.

% Unfortunately, no social saving estimates comparable to the Spanish one are available for the European
countries during the first years of the twentieth century, except for Russia. Foreman-Peck has estimated the
social saving of British railways to be 31.6 per cent of British GDP in 1890. However, this figure has been
obtained with very different procedures to the estimates reported in Table 6.6, and under the assumption of
too large differences between counterfactual and railway transport fares, see Foreman-Peck (1990), p. 77.
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These conclusons have been confirmed, to some extent, by the andyss of Spanish
passenger railway transport. Gimez Mendoza' s socid saving estimates did not include passenger
transport, on the basis that it “must be considered as a completely new commodity (...) which,
for the most part, would never have taken place without the advent of railways’.*®
However, subsequent research has shown that road passenger transport was highly developed at
the beginning of the raillway age, being the object of the main technologica improvement that had
taken place in the road transport sector before 1850.*° Although the statistical records of the
Spanish stagecoach companies are much worse than those of rallway firms, Madrazo's estimate
of their custom for 1850 amounts to 825,000 passengers.*®” This is of course a much lower
number than the 7.5 million passengers that were trangported by railways aready in 1861.*%
However, if the zero demand eadticity assumption is removed, an estimate of the socid saving

provided by passenger railway transport may be meaningful in the Spanish context.

There are severd possible ways to remove the zero dadticity assumption. For instance, in
the case of the US and Russia, Boyd and Walton and Metzer assumed a demand eadticity of —1

49 For

for passenger trangport, on the basis of information on present times demand functions.
Brazil and Mexico, it has instead been assumed that demand was completely inglagtic in the case
of first class passenger transport, and completely eastic in the case of the second class. In other
words, in the counterfactua economy al first class travellers would have used coach trangport to
make the same journeys as in the rallway economy, whereas dl second class travelers would
have walked instead.**° In the Spanish case, the second of these two options on the demand
eladticity of passenger trangport is consistent with information available on stlagecoach trangport in
Spain before the railway era, snce the number of raillway passengers in the two upper classesin

the early 1860’ swas higher but not very far awvay from the previous number of coach travdlers.

An estimation of the socid saving of passenger trangport should take into account not only
the savings of resources in the trangport activity itsdf but dso the time saved by individuds thanks

% Gémez Mendoza (1981), p. 26.

% Gomez Mendoza (1997), p. 477; see also Frax Rosal es and Madrazo (2001), p. 36.

“" Madrazo (1984), p. 534. This author estimated the distance travelled by stagecoaches at 8.4 million km.
Obviously, the actual Spanish passenger traffic would have been much higher than the reported figures, since
it also included non-regular road services and canal and coastal water transport.

“% Thisinformation comes from MAEOP.

“® Boyd and Walton (1972), pp. 247-250, and Metzer (1977), p. 73.

19 Coatsworth (1979), pp. 943-944; Summerhill (1997), pp. 109-110.
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to the replacement of traditiona transport means by railways. However, an adequate assessment
of time savings would demand information on the reason for each journey. Since the vaue of
leisure is not included in historicd estimates of naiond income, only journeys for work reasons
should be conddered in the time saving cdculation. Unfortunately, no information exists on the
reasons for individua journeys, and assumptions in this repect have been very different among
researchers. In some cases, such as Hawke' s estimation for England and Waes, the vaue of time
has been completdy excluded from the estimation, under the assumption that mogt traffic was for
pleasure** On the contrary, in the case of the US in 1890, Boyd and Walton have treated all
travel time as working time and have valued it accordingly.*# Findly, for Mexico, Brazil and
Russa, it has been consdered that only about half of the time savings should be included in the
estimation of the socia savings for passenger transport.*

Regarding this aspect, information about Spain is as scarce as for other countries. A
prudent assumption, however, would be including in the calculation about 50 per cent of the time
savings, as in the Mexican, Russan and Brazilian cases. Although pleasure journeys would be
rather rare in a country such as Spain, with relaively low income per capita, there are some
reasons to consider that certain share of travel time for work reasons should not be vaued ét its
market price. As Metzer indicates for Russa, a large amount of passenger traffic took place
during the off-peek season of the agricultura working year, and the time invested in those
movements would have a very low opportunity cogt. In addition, “[ o] ne should consider (...)
the travelling housewives, the time of whom had virtually no market value, and all the
other passengers whose income was not a function of hours of work, and those who could

do some work whilst being on the way” .*

Time savings must be vaued differently depending on the railway passenger classes. |
have assumed firgt and second class travelers to be among the highest-income socia groups and
have valued ther travel time at twice the hourly wage of skilled indugtria workers. The resulting
figure is amilar to the hourly earnings of the medium ranks of the managerid saff of rallway

1 See Hawke (1970), p. 52. The value of timeis also excluded from the US estimate for 1859 by Fishlow (1965).
12 See Boyd and Walton (1972), pp. 239-240.

13 The percentages are 58 per cent in the case of Brazil, 50 per cent in the case of Russia and 40 per cent in the
case of Mexico; see Summerhill (1998), p. 398, Metzer (1977), p. 62, and Coatsworth (1979), p. 945.

4 Metzer (1977), p. 60.
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companies.** In the case of third class passengers, | have vaued travel time a the hourly wage of
skilled indugtrid workers, under the assumption that the lowest-income socia groups did not use
railway trangport.**® This assumption may introduce a dight upward bias in the time saving figures,
especidly in the case of 1912, but it is necessary to avoid downward biases and to guarantee the
upper bound character of the socia saving estimates.*'’ The resulting unit values of travel time can
be seenin Table 6.7.

Table6.7

Assumptions on the value of trave timein Spanish railways (pesetas per hour)
1878 1912

Firstandsecondclass 076 094

Third class 038 047

Source: Camps (1995), pp. 204 and 214-215.

Under these assumptions, the estimation of the socid saving of Spanish passenger railway
trangport aso requires information on rallway passenger output in 1878 and 1912, and on
marginal costs and speed in railway and stagecoach transport.*® The output of Spanish railways
has been estimated as 719.2 million passenger-km in 1878 and 2,904.6 million passenger-km in

*> Hourly wages have been taken from Camps' research on Catalan industry (see Camps (1995), pp. 194-215),
which, for 1912, is consistent with national datafrom the reports of the Instituto de Reformas Sociales. | thank
Margarita Vilar for providing me detailed information on these reports. For managerial wages in the railway
companies, see Juez Gonzalo (1992), pp. 185-217.

“® This would be consistent with Gémez Mendoza's conclusion that population immigrating to Madrid
between 1878 and 1901 did not use the railways in their journey, but cheaper transportation methods; see
GOmez Mendoza (19894), p. 169.

7 |n the Brazilian case, Summerhill also values time savings of first-class passengers at twice the wage for a
skilled worker, and time savings of second-class passenger at the hourly wage of skilled manufacturing
workers; see Summerhill (1998), pp. 392-394. Other authors use, for lower-class passengers, the wage for
“railway workers” or “manufacturing workers’, without specifying professional rank; see Coatsworth (1979).
p. 945, and Boyd and Walton (1972), p. 245.

8 Due to the absence of information on coastal navigation rates and speed, | do not allow any share of
passenger transport to be shifted to that sector in the counter-factual economy. However, water passenger
transport was well developed at the advent of railways in some routes parallel to future railway lines, such as
the Mediterranean coastline; see Valdaliso Gago (1997), p. 25. The scarce Spanish navigation waterways were
also used to some extent for passenger transport. Uriol Salcedo (1979), p. 872, for instance, indicates that the
rate per passenger-km in the Canal Imperial in 1808 was 0.08 pesetas, i.e. around half the average stagecoach
rate in the middle of the nineteenth century. The size of the bias that is introduced in the estimation by the
failure to account for coastal navigation may be approached by the first and second class-passenger revenues
of the railway companies involved in transport along the Mediterranean coast (AVT and TBF), which was 6.8
per cent of the total passenger revenues of the Spanish railway companies in 1878. Not all that transport,
however, would have been captured by coastal navigation in the counterfactual economy, since traffic north
of Barcelona and south of Valencia ran far away from the coast and some share of the remaining passengers
would have used instead the much faster coach transport.
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1912.° These amounts have been distributed among dasses according to the number of
passengersin each class, i.e. by assuming the same haul in dl classes.

The marginal cost of passenger railway trangport may be approached, as in the case of
freight, by multiplying the estimated cost dadticity (as offered in Table 6.3) by the average cost
per passenger-km.*? The result of that calculation would be around 0.01 pesetas per passenger-
km both in 1878 and 1912. However, the lack of significance of the passenger-km coefficientsin
Table 6.2 raises some doubts about the accuracy of this figure. Unfortunatdly, the only available
dternative is the market rate of passenger trangport in the two main raillway companies, snce the
so-cdled “internd” rates were only produced for freight transport. Both dternative figures are
used here, the former producing much higher socid saving estimates than the latter. Finaly, the
average speed of express trains was gpproximately 34.4 km per hour in 1870 and 45 km per
hour in 1910, and these figures have been applied to 1878 and 1912 respectively.**

Regarding road transport, passenger rates have been estimated by Madrazo, in the case
of the regular coach companies in the mid-nineteenth century, at 0.15 pesetas per passenger-km,
and the speed of stagecoaches was around 7 km per hour by that date.*** The speed of travel by
foot is assumed to be 3 km per hour. Table 6.8 presents the socid saving estimates that result

from these data.

¥ These numbers have been estimated by dividing the total passenger revenue of Spanish railways (available
in MAEOP) by the average passenger rate of the main companies (Norte and MZA), which has been obtained
from information on those companies in Anes Alvarez (1978), pp. 487-491, and Gémez Mendoza (1989b), pp.
291-294.

* Total variable costs are available in MAEOP.

“21 Cordero and Menéndez (1978), pp. 307 and 335.

22 Madrazo (1984), pp. 552-560. Lack of information on the date of the reported price prevents deflation, but
Spanish pricesin the 1840’ s might be similar to 1878 or 1912; see Reher and Ballesteros (1993).
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Table6.8

Social saving on passengerstransported by Spanish railways (1878 and 1912)

1878 1912
1) First and second class
(a) Passenger-km (million) 203.96 564.71
(b) Rail rate (pesetas/passenger-km) 0.010/0.100 0.008/0.075
(c) Rail cost (ax b) (million pesetas) 2.040/20.478 4.518/42.353
(d) Stagecoach rate (pesetas/passenger-km) 0.15 0.15
(e) Stagecoach cost (ax d x 0.85) (million pesetas) 26.005 72.001
(f) Unit value of working travel time (pesetas/hour) 0.76 094
(g) Working travel time by rail (50 per cent of aat 2965 6.275
34.4/45 km per hour) (million hours)
(h) Value of theworking travel time by train (f x g) 2.186 5.899
(million pesetas)
(i) Working travel time by stagecoach (50 per cent of 12.383 34.286
ax 0.85 at 7 km per hour) (million hours)
(j) Vaue of the working travel time by stagecoach (f 9411 32.229
xi) (million pesetas)
(k) Saving on transport costs (e-c) (million pesetas) 5.527/23.965 1.977/29.648
() Saving on travel time (j-h) (million pesetas) 7.225 26.330
(m) Total savings (k+1) (million pesetas) 12.752/31.190 28.307/55.978
2) Third class
() Passenger-km (million) 515.24 2,339.89
(b) Rail rate (pesetas/passenger-km) 0.010/0.045 0.008/0.027
(c) Rail cost (ax b) (million pesetas) 5.152/23.289 18.719/63.177
(d) Unit value of working travel time (pesetas/hour) 0.38 047
(e) Working travel time by rail (50 per cent of aat 7478 25.999
34.4/45 km per hour) (million hours)
(f) Value of theworking travel timeby train (d x €) 2.842 12.220
(million pesetas)
(g) Working travel time by foot (50 per cent of ax 72.992 331484
0.85 at 3 km per hour) (million hours)
(h) Value of the working travel time by foot (d x g) 27.737 155.797
(million pesetas)
(i) Saving on travel time (h-f) (million pesetas) 24.895 143577
(m) Total savings (i-c) (million pesetas) 1.606/19.743 80.400/124.858
3) Total social saving of therailway system (first, 14.358/50.933 108.707/180.836
second and third classes) (million pesetas)
GDP 8,722.2 12,8408
Passenger social saving/GDP (%) 0.16/0.58 0.85/1.41

Sources: see text.

Notes: (a) The 0.85 coefficient is intended to correct road output for the road network being less circuitous

than the railways (see Table 6.4).
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Comparison of passenger socid saving estimates in Table 6.8 with those of other
countries is even more troublesome than in the case of freight, due to the diversity of assumptions
that underlie each estimation process. The most comparable figures to those presented here are
the Mexican, Brazilian and, to a lesser extent, Russian ones. In the case of Mexico, passenger
socia savings amounted to 1.38 per cent of GDP in 1910. In Brazil, they were 2.2 per cent of
GDP in 1887 and 4.03 in 1913.*2® Both were countries highly dependent on roads in the
counterfactua dtuation and, asin the case of freight, they obtained Smilar or larger benefits from
passenger railway trangport than Spain. Metzer's edtimate for Russa in 1907 (which is dightly
different to the Mexican and Brazilian ones because he assumes a -1 dadicity for trangport

24 amounts to 1 per cent of GDP.*%

demand without distinguishing among classes of passengers)
Thisratio is not very far away from the Spanish one for 1912, in spite of the prominence of water
transport in the counterfactual Russian economy. The different importance of rallway transport
within the Russian and Spanish economies, as is reflected in Table 6.5, explains this unexpected

result.*?

To sum up, the ratio of Spanish passenger socia savings to GDP would aso reflect, asin
the case of freight, the low degree of “railroadization” of the Spanish economy. In spite of the
prominence of roads in the counterfactud system, the underdevelopment of the country would
have prevented that ratio from being sgnificantly higher than in other economies with more
possibilities for water transport.

“23 For Mexico, see Coatsworth (1979), pp. 943-947; for Brazil, see Summerhill (1997), pp. 109-110, and (1998),
pp. 391-395.

4 However, the effect of this difference in the assumption on demand elasticity is probably not very large,
since the social savings of Spanish passenger railway transport have also been estimated under the same
assumptions as Metzer’s and rather similar results to those of Table 6.8 have been obtained.

2 Metzer (1977), p. 74.

*2° Other estimates are less comparable to the Spanish one. Boyd and Walton (1972) also apply a -1 elasticity
to passenger transport demand, but consider all travel time as working time, obtaining aratio of 2.6 per cent of
GDPinthe USin 1890. Fishlow’s estimate for the US in 1859, Hawke's calculation for England and Wales in
1865 (without considering changes in comfort) and Caron’s figure for France in 1872, which are in all cases
around 1.6/1.7 per cent of GDP, assume a zero elasticity for transport demand and do not consider any time
savings; see Fishlow (1965), Hawke and Higgins (1983), pp. 189-190, and Caron (1983), p. 44. Ceteris paribus,
in these four cases, one of the assumptions makes the social saving higher than the Spanish one, whereas the
other one makes it lower, and therefore it is not clear which would be the effect on these estimates of using
similar assumptions to those applied to the Spanish case.
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6.4 Social savings and beyond: the impact of railways on Spanish economic

growth

According to the results of the previous sections, the socid savings of the Spanish
railways would have amounted at most to 3.1 per cent of GDP in 1878 (applying the most likely
“intermediate’ solution to freight trangport) and to 13.4 per cent in 1912 (applying the “interim”
solution). As has been indicated, these are upper bounds of the “true’ resource saving, since a
zero demand elagticity has been assumed for freight.*” Comparison of these ratios with estimates
for other countries indicates that the resource saving brought about by railways in Spain in 1878
was not high in relative terms. Later on, as the “rallroadization” of the country increased, and the
cost of road trangport in the counterfactual economy became higher due to the decreasing
opportunity to use idle resources, the ratio of the socia saving to GDP would gradudly have
reached higher levels in Spain than in other European economies. However, it never atained the

gzethat it had in some large non-European countries, such as Mexico and Brazil.

In other words, the socid benefits of Spanish railways seem to have been in line with their
level in other European countries during the second hdf of the nineteenth century. However, this
does not confirm some historians  hypothess that Spanish rallways congtituted an economic
falure. That hypothess may only be accepted if resources invested in the railways are proved
excessive for the socid benefits they provided. Answering that question, however, requires the
esimation of the average socid rate of return of the Spanish railway system, which is beyond the
possibilities of this research. Nevertheless, the new socid saving estimates allow an gpproximation
to that rate in 1878 and 1912, which may offer some inaghts on itslevel and evolution.

The socid rate of return r of certain invesment in asingle year t isgiven by:

. SS+GR- OE-D- S+Y

Gl @

where SSis the socid saving, GR and OE the gross receipts and operating expenses of
the raillway companies, D is depreciation, S is the yearly public subgdy, Y is the sum of dl

*27 On the other hand, these estimates contain a downward bias due to the exclusion of the transport of freight
at high speed (perishables, excess luggage, etc.) and livestock, which amounted to 7.3 per cent of the Spanish
railway companies revenuesin 1878.
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externdities crested by railways and not included in the socid saving measure, and Gl is the vaue
of the total resources invested in the sector.*®

Unfortunately, due to the lack of information, an estimation of the socid rates or return of
the Spanish rallways must exclude the externdities of the railway system (Y), which ranged from
the so-caled “backward effects’ of the congruction and operation of ralways to externd
economies associated with the integration of domestic markets. Spanish historiography, however,
has provided some clues about their importance. Indeed, the most studied aspect has been the
“backward effects’ of the construction and operation of the network, which seem to have been
rather smdl, snce most of the Spanish demand for rails and rolling stock was met by foreigners at
least until the 1890's, due to the tariff policy applied by Spanish governments® Only recently
have some researchers stressed the importance of certain postive “backward effects’ of
ralways, such as ther impact on the development of Spanish financid indtitutions, and on the

d.430

diffuson of managerid sills and human capit

Regarding the externdlities associated with the so-called “forward linkages' of raillways, it
must be remembered that the socid saving measure dready encompasses most of the growth
impact of the integration of domestic markets, as it adopts an end-point perspective. Only in
those cases in which market integration increased the stock of production factors in the economy,
or generated podtive externa and scale effects, should those indirect benefits be added to the
socid saving indicator.”®! In the Spanish case, railway trangport seems to have alowed, on the

one hand, the exploitation of a large amount of resources that had remained idle until then,

%8 See, for instance, McCldland (1972), pp. 471-474, and O’ Brien (1977), p. 41.

9 According to Nadal Oller (1975), pp. 158-165, the railway tariff exemption was one of the biggest mistakes
that have ever been made by the Spanish governments, and delayed the development of the iron and steel
industries for thirty years. However, other historians have considered that Spanish industry was probably not
ready to meet the demand coming from the railway network. See especially Gdmez Mendoza (1982), pp. 142-
154, and also Casares Alonso (1973), pp. 336-338, Tortella Casares (19814), p. 194, Cubel Montesinos and
Palafox Gamir (1999), pp. 30-31, or Broder (2000), pp. 78 and 268-269, and, from a more general perspective,
O'Brien (1983b), pp. 17-18. These authors have pointed out that, without the tariff exemption, construction
costs of Spanish railways would have been much higher. Recent research by Pascual Doménech (1998) has
introduced some qualifications on thisissue. He has indicated that the exemption was adequate in the case of
most rolling stock or the companies’ telegraph equipment, but if railways had been built with Spanish rails,
construction costs would only haveincreased by 3 to 5 per cent.

" The impact of railways on the development of Spanish financial institutions has been stressed, among
others, by Hernandez (1999), p. 425, and Comin Comin (1999), p. 256. Their importance for the modernisation
of managerial techniques, in the wake of the analyses by Chandler (1965), has been studied by Vidal Olivares
(1996b). The diffusion of human capital as a by-product of railway construction and operation has been
described, among others, by Pascual Doménech (1999a), p. 409, and Hernandez (1999), p. 425.

1 See Metzer (1984), pp. 66-69.
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provoking as a consequence an increase in the national production of certain commodities ™ This
was especidly rdevant for some export-oriented products, such as wine, oil and mining in
Anddusia™? wire in Castile-La Mancha,® or oranges and other agrarian products in the
Vaendan Community.** But it was also crudia for some primary production mainly oriented to
the domestic markets, such as agriculture in Aragon or Extremadura, or livestock in Gaicia**® On
the other hand, the process of geographica reorganisation of Spanish economic activity that
rallways made possible may be assumed to have provoked substantial productivity improvements

through the exploitation of scale, specidisation and agglomeration economies®’

However, since
no quantitative evidence is avallable on those phenomena, their actud reevance is impossible to
axcertain. Therefore, as hgppens with smilar sudies for other countries, the externdities
associated with the congtruction of Spanish railways cannot be incorporated to the socid rates of
returns reported before, which should be considered therefore as lower bounds of the actua

ones.

Table 6.9 presents the results of the estimation of the socid rate of return of Spanish
ralways for 1878 and 1912. It shows the ratio between each term of the numerator of expression
(1) and the value of gross capita stock in the sector for each year, as well as their sum. As the
socid saving estimates are upward biased due to the zero eadticity assumption, the table aso
indicates the effect that a different assumption (e=—0.4) would have on the final rates.

2 See Gomez Mendoza (1981), pp. 220-221 and 261, and (1998), p. 10, and Comin Comin et a (1998), Val. 1, pp.
137-140.

3 Morilla Critz (1999), p. 505, and Cudlar Villar and Sanchez Picon (1999), p. 631.

* Gallego Palomares (2001).

* Vida Olivares (1992), pp. 278-279 and (19964a), pp. 281-288.

% On Aragon, see Germén Zubero (1999), p. 517; on Extremadura, see Cendal Burdalo (1999), p. 581; on
Gdlicia, Comin Comin et a (1998), Val. 1, p. 138.

"7 See, for instance, Tedde de Lorca (1978), p. 181. Pascual Doménech (1999a) and (1999b), pp. 496-497,
describes some agglomeration economies in the industrial area of Barcelona (related to labour markets, the
supply of intermediate goods, and information and service availability), whose exploitation was largely
allowed by therailways.
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Table6.9

Social rate of return of Spanish railwaysin 1878 and 1912 (%)
1878 1912

(&) SSGI 195 579

(b) SS/GI (assuminge =-04in

freigth transport) 144 345

(©) (GR-OE)/GI 39 6.7

(d) 9SGl 17 17

(e) DIGI 17 17

 Y/Gl na na

(9) r (a+c-d-e) 20.0 61.2

(h) r (assuminge = -0.4in

freight transport) (b+c-d-€) 14.9 37.8

Sources and notes:
na: not available.
SS/GI: SS comes from Sections 6.2 and 6.3. It has been expressed in 1990 pesetas by applying the GDP
deflator available in Prados de la Escosura (forthcoming). Gl comes from the Appendix of Chapter 2, after
increasing the railway infrastructure stock by the value of land and rolling stock. In the case of 1912, the
use of “First Establishment” accounting figures (coming from MAEOP) as GI, and the new socia saving
in nominal terms as SS, yields virtually the same rate. Aggregate “First Establishment” figures, however,
are not available for 1878 and, as a conseguence, | have preferred my own estimates of railway capital
stock.
(GR-OE)/GI: for 1912, MAEOP; for 1878, the ratio for MZA, Norte and TBF, coming from Tedde de Lorca
(1978), Pascual Domenech (1999a) and MZA's annual reports has been applied a coefficient of 0.85,
coming from later periods.
S/GI is assumed to amount to 28 per cent of the total stock, according to information in Artola (1978b), pp.
352-353, and has been applied a yearly 6 per cent, which was the opportunity cost of capital in Spain
during most of the period under study (see below; Section 7.2).
D/GlI results from the assumptions on the useful lifetimes of the assets that were made in Chapter 2.

Of course, estimates in Table 6.9, which are very preliminary, do not include externaities
and only refer to two single years, do not provide conclusive evidence about the average leve of
the socid rate or return of Spanish railways. However, some inference may be made from those
figures on the role of railways in Spanish economic growth. Firgtly, they would dlow the rgection
of the economic falure hypothes's, snce the socid returns from raillways were high and postive
dready in 1878, largely exceeding the private rates of return of the railway companies and the
market interest rates. Secondly, comparison of these results with the available estimates for other
economies (which lie in the range of 15-20 per cent)*® would confirm the previous idea theat the
socid benefits of Spanish railways were smilar to other European countries by 1878, but had
become much larger in 1912.

To sum up, the avallable quantitetive information, athough ill incomplete, would indicate
that the gains afforded to the Spanish economy by ralway transport were smilar to other

% For England and Wales in 1830-1870, see Hawke (1970), pp. 405-407; for the US in 1859, see Fishlow (1965),
and in 1890, see David (1969), p. 522. See dlso O’ Brien (1977), pp. 51-53.
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European countries in 1878, and increased gradudly to a subgtantidly higher level between that
year and 1912. According to this concluson, the redisation of the full economic benefits of the
Spanish railway system gppears to have been rather dow. This hypothesis would be cons stent
with information about the integration of Spanish domestic markets and about the geographica
reorganisation of activity that took place as a result. Both of them were relatively dow processes

and only reeched ther full development in the early twentieth century.

On the one hand, regarding market integration, convergence in price levels anong the
Spanish regions was dearly noticesble once the main railway connections had been finished,**
and was pardld to the incresse in the commerdidisation of agrarian products™ and to the
gradua disappearance of subsistence crises in the country.**' However, researchers have
indicated tha the integration process was not complete until the first years of the twentieth
century. Although geographica differences in price levels were quickly eroded, cyclicd
fluctuations were not perfectly smultaneous among regions during the second haf of the
nineteenth century. In fact, regiond price fluctuations even diverged to some extent during the
1870's and 1880's since, in those two decades, the free trade policies of the government and the
decrease in internationa transport fares led foreign price movements to have a greater influence

on the Spanish coastal regions than pricesin the interior of the country.*?

On the other hand, transport cost reduction completely atered the structure of location
incentives in the Spanish economy and made possible the agglomeration of population and activity
in urban and industrid centres from the middle of the nineteenth century onwards. The importance
of ralways for the development of Spanish indugtrid didtricts has been stressed in many cases,
such as Catalonia, Madrid,**® the Basgue industria centres™* and other industrid agglomerations,

" Garrabou and Sanz Fernandez (1985b), pp. 64-65. Nevertheless, the integration of Spanish commodity
market was a very long-run process that started well before the construction of railways, as has been stressed
by some historians; see, for instance, Barquin Gil (1997), Martinez Vara (1999), Llopis Agelan and Jerez
Méndez (2001) or Reher (2001).

“0 | bidem, pp. 56-58, and Tedde de Lorca (1978), p. 143.

“1 See, for instance, Garrabou and Sanz Fernandez (1985b), pp. 64-65, Simpson (1989), p. 371, or Cubel
M ontesinos and Palafox Gamir (1999), p. 22.

*“2 Regional price fluctuations can be seen in Pefia Sanchez de Rivera and Sanchez-Albornoz (1983), p. 117,
and inBarquin Gil (1997), p. 45. On the impact of free-trade policy and the decrease in international transport
prices on the process of Spanish market integration see, for instance, Gomez Mendoza (1981), p. 187,
Hernandez Marco (1999), p. 611, or Morilla Critz (1999), pp. 507-511.

*“3 See Comin Comin et a (1998), Val. 1, pp. 139-140.

“4 See Gonzdlez Portillaet a (1995), pp. 313-346, and Macias (1999), pp. 461-474.
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such as Alooy in the Vaendian Community.** The reorganisation of the Spanish port hierarchy,
which led to the concentration of port activity in a smal number of centres, has dso been

associated with railways**®

However, the process of geographica reorganisation was aso rather dow, as may be
observed in Graph 6.1, which shows the evolution of the spatia concentration of Spanish
industria activity throughout the last hundred and fifty years*’

Graph 6.1
Provincial concentration of Spanish industry (Gini Index)
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Sources: EACI (1856-1909), Betran Pérez (1997) and Banco de Bilbao, La Renta Nacional de

Espafia y su distribucion provincial (1955-1995).

Although the three different sources on which the graph is based are not totaly
comparable, the data clearly indicate that the location of Spanish industry experienced a process

of gradud concentration up to the Civil War of 1936, which was followed by a process of

5 See, for instance, Hernéndez (1999), p. 424.

“® See Guimera Ravina (1996), pp. 132-133, and Frax Rosales (1981), p. 58.

“" The graph is based, for 1856-1909, on the provincial returns of the main industrial tax, which have been
taken from EACI; for 1913 and 1929, on Betran Pérez (1997); and, from 1955 onwards, onLa Renta Nacional de
Espafia y su distribucién provincial, which has been published by the Bank of Bilbao since that year. For the
characteristics and shortcomings of the first two sources, see above, Section 3.3. As was indicated there,
EACI data, which have been used for the first decades of the period, do not include the Basque Country and
Navarre.
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disperson theregfter. Thisinverted U shapeistypica of the time evolution of activity location, and

has aso been found for other countries.**®

However, the graph aso shows that the spatid concentration of activity was, as market
integration, a very dow process that took 50-60 years to reach its maximum. This downess is
conggtent with the timing of the evolution of the socid saving and socid rate of return of Spanish
ralways, as has been described before. Actudly, market integration and the geographical
reorganisation of activity were directly associaed with the increase in the rallway socid saving
and socid rate of return, since they involved a higher use of trangport services and, therefore, a
higher leve of these two measures. The increasing use of the raillway network may be seen in
Graph 6.2, which depicts the evolution of the dendity of freight trangport on Spanish broad-gauge
railways between 1861 and 1935.

Graph 6.2
Density of freight transport on the Spanish broad gauge railway
network (1861-1935)
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Sources: network length from Cordero and Menéndez (1978), pp. 324-325.
Output from Gémez Mendoza (1989b), pp. 288-289, except for 1861-1869, for
which it has been calculated asisindicated in Table 6.5.

“8 See, for instance, Ottaviano and Puga (1997), pp. 26 and 29-30, or, for the US, Kim (1995). Actually,
according to information in Betrén Pérez (1997), p. 76, the process of dispersion of Spanish economic activity
already started, in the case of the most advanced industries, between 1913 and 1929. Data in Sudria Triay
(1997b) indicate that the process of dispersion spread to the whole of industry from the 1950’s. Anincreasein
the dispersion of internal migrants’ destinations has also been observed for the second half of the twentieth
century by Silvestre Rodriguez (2001a) and (2001b); see also Gdmez Diaz and Céspedes Lorente (1996), p. 70.
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Actudly, the fulfilment of the whole potentid impact of railways was even dower than it
appears to be in Graphs 6.1 and 6.2, because most gains in the market potential of Spanish urban
centres were actudly achieved very early on, during the first wave of rallway congruction, in
which the mogt profitable and heavily used lines were congtructed. This can be observed in Graph
6.3, which shows, together with the evolution of the network mileage, the average accessibility
index of the four main cities of the country (Madrid, Barcelona, Vaencia and Seville) through the
ralway network during the period 1850-1935. Accessihility of centrei has been caculated as:

n-1 !
aco =3 PP

j= Hi
where | are the heads of provinces and the cities with a population larger than 20,000 during the
whole or part of the period 1860-1930, and dij, is the distance between i and j through the

railways network.**°

Graph 6.3
Railway networ k mileage and aver age accessibility of the main
Spanish urban centres (1848-1935)
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Sources: network mileage from Cordero and Menéndez
(1978); average accessibility has been estimated from
information in Wais San Martin (1987), pp. 255-263 and
Luna Rodrigo (1988).

The exasperating duggishness of response that is reflected in Graphs 6.1 to 6.3 helps to
explain, for ingance, the frudtration felt by Catdan businessmen during the last three decades of

“3 In order to make up for the effect of demographic changes, population figures have been set fixed at their
1900 level. On the measurement of accessibility, see, for instance, Frost and Spence (1995), pp. 1833-1834.



the nineteenth century. As has been described by Pere Pascud, the Catdan bourgecise had
developed great expectations around the congtruction of the railway network in the 1850's, but

40 The downess

had to face very low socid and private returns to their investment for along time.
of the response dso helps to explain the falure to observe a podtive growth impact of
infrastructure in the econometric analysis that was carried out in the previous chapter. According
to the graphs, a time lag of 50/60 years passed before the firs Spanish railway investments
reached their full potentid impact and their maximum socid return. Obvioudy, time series models

have great difficultiesin capturing causal relationships among variables with such long lags™!

New Economic Geography provides some clues as to why the lag was so long. As was
indicated in Chapter 1, that theoreticd framework points out that the relaionship between
infrastructure investment and the reorganisation of the economy is far from direct or immediate.
On the contrary, there are many intermediate factors that influence the pace at which the potentia
crested by infragtructure invesment is fulfilled. The main ones are the characterigtics of
technology, the size of the available markets and the mobility of factors among sectors and across
regions. As the Spanish workforce gppears to have been quite mobile from the middle of the
nineteenth century,*? the downess of the process should probably be related to the insufficient
capacity of the Spanish industrid centres to attract workers, due to demand and/or supply
congraints to their growth (such as the reduced capacity of consumption of industrial products or
the high price of someinputs), as Spanish historians have often pointed out.

But there is yet another reason that might have dso prevented a faster growth of the socia
saving and socid rate of return of Spanish rallways. As can be seen in Graphs 6.2 and 6.3, the
firs wave of rallway congruction, which took place before 1866, gave rise to what might be
cdled the“core’ of the network, i.e. the lines with the largest potentia economic impact. Thisfirst

wave was followed by along period of more gradua congtruction that caused the enlargement of

*0 Pascual Doménech (1999b), pp. 479-483.

1 Rietveld (1995), p. 117. However, it must also be reminded that the exercise carried out in Chapter 5 refersto
the total infrastructure stock, and not only to railways.

“2 The Spanish rural population started migrating by 1860, due to demographic pressures and the decrease in
rural workers opportunities of being involved in occupations complementary to agriculture as
industrialisation advanced. The appearance of foreign competitors in the markets of Spanish agrarian
products accelerated this process at the end of the nineteenth century. However, the poor absorption
capacity of Spanish cities meant that most peasant migration was only seasonal or very long distance (mainly
to American countries). Only from the 1920’s did the main Spanish cities start attracting population from
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the network by lines with much lower potential impact. This can be observed in Graph 6.3, in the
very smdl increase in the market potentid of the main urban centres after 1866, and also in Graph
6.2, in the reduction of the average dendity of use of the system during the 1880's and 1890's,
which was associated with the congtruction of little used lines. Actualy, between 1881 and 1895,
athough freight transported by the raillway system increased by 47 per cent, dendty of use
remained stagnant due to the incorporation of lines with very low traffic.*® As a consequence, the
Spanish railway network turned out to be a very heterogeneous system, where a number of
heavily used lines coexisted with aseries of underutilised railways.

The difference between the lines built in the first wave of rallway congtruction and the rest
of the network is clearly noticeable in Table 6.10, which compares, for the beginning of the
twentieth century, the dengity of use of the share of the network that had been constructed before
1873 with the dengity of the lines that were opened after that date.™

Table6.10
Density of use of the Spanish railway network, distinguishing between periods of
construction (1904/1905)

Route-km  Thousand ton-km  Thousand passenger-km

per route-km per route-km
Lines opened before 1873 7482 247 166
Lines opened after 1873 5,672 103 89
Whole networ k 13,224 185 132

Source: MAEOP.

According to the table, railway congtruction after 1873 would have prevented for some
decades the increase in the socid returns of the network, due to the low level of utilisation of the
new lines. Apparently, the raillway lines in the second row of Table 6.10 would have been the
result of aprocess of overinvestment in the Spanish raillway network, which would be in line with
some higorians suggestions. However, this hypothesisis il difficult to sustain, for two reasons.
Firdly, it isunlikely thet the use of the “core’ raillways would have been s0 high as it actudly was

outside their hinterland in a significant way. On this subject see, for instance, Silvestre Rodriguez
(forthcoming) and also, on external migration, Sanchez Alonso (2000a) and (2000b).

“3 That process has been highlighted by Pascual Doménech (1999b), pp. 463 and 484.

* Figures are not exact, because the MAEOP does not distinguish within the different lines of the networks
of MZA, Andaluces, MZOV and Asturias, Galiciay Ledn, which were only partialy in operation in 1873. The
networks of the first two companies have been included among the lines constructed before 1873, as most of



in the absence of the secondary lines, Snce these trangported alarge amount of traffic towards the
mogt utilised railways.

But, secondly, it has to be remembered that railways in the nineteenth century were not
only an instrument of economic growth, but performed very different roles. As has been pointed
out, they were essentia to guarantee food supply in certain aress in years of bad harvests, and
they helped to improve communications among the Spanish regions, which was important on
socid and palitica grounds. This plurdity of functions explains the consderation of rallways as a
public service by the State, as well as the interest of governments to extend them to the whole
country, even through those areas where not enough traffic could be expected to make lines
profitable.™> Actualy, equity and efficiency were in conflict precisdy in those countries, such as
Spain, with very sparsely-populated areas, in which rallway lines could not be judtified from a
purely market perspective.* In this context, it is il difficult to speek of overinvestment, waste of
resources or ralway falure, because inefficient lines might be performing functions that were
crucia from an equity point of view and for the economic development of the periphera aress of
the country.

6.5. Conclusons

This chapter has anadlysed evidence on the impact of railways on Spanish economic
growth before the Civil War of 1936. The trestment of this subject in the historiography has been
dominated since the 1980's by Gomez Mendoza's socid saving estimates for 1878 and 1912,
which were very high from a comparative point of view. In this chapter, a revison of those
estimates has been carried out which has offered some interesting results. To start with, the use of

their mileage was aready in operation at that date, whereas MZOV and Asturias, Galiciay Ledn have been
included in the other group for the opposite reason.

*® The State’s willingness to expand the network to the whole Spanish territory was patent from the 1860’s.
Whereas the initial 1855 Railway Act gave preference to the construction of the trunk routes from Madrid to
the main ports and the frontiers, the 1870 and 1877 Acts reflected the wish to connect all Spanish provincesto
the network, and also to reduce inequality among provincial railway endowments, according to the “theory of
the dispossesed provinces’ asAlzolay Minondo (1979), p. 420, called it. On this subject, see Mateo del Peral
(1978), pp. 90-131, and Cordero and Menéndez (1978), pp. 169 and 193-194. Obviously, that policy reflected
equity objectives at least as much as vote catching aims, as in the so-called “ parliamentary” lines that were
built in several countries; see Pratt (1908), p. 121. Similar policies were followed in other countries; see, for
France, Leclerq (1990), pp. 53-54; for Italy, Giuntini (1999), p. 89; for Germany, Girard (1966), p. 238; and for the
Nordic countries, Andersson-Skog (2000), p. 37.

0 Evans (1991), p. 226.
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dternative unit cost figures for railway and road trangport, as well as the most recently available
figures for Spanish GDP, has reduced the estimates of the socid savings of freight transport from
7.510 2.5 per cent of Spanish GDP in 1878, and from around 20 per cent to around 12 per cent
of GDP in 1912. These new percentages have been supplemented by preliminary estimates of the
socia savings of raillway passenger trangport, whose maximum level amounts to 0.6 per cent of
GDPin 1878 and 1.4 in 1912.

The resulting total upper bound resource saving provided by the Spanish railways would
be 3.1 per cent of Spanish GDP in 1878 and 13.4 per cent in 1912. Although the percentage for
1912 is not as high as in Gdmez Mendoza's research, it would ill be higher than in other
European countries. On the contrary, socid savings for 1878 are not far away from other
available estimates. This would be inconsstent with the widely-accepted idea that socid savings
were higher in those countries, such as Spain, with few opportunities for water trangport. This
inconsgtency, however, is only apparent, because the influence of the prominence of roads on the
edtimates for 1878 would have been overcome by the little importance of railway transport output
within the whole economy.

Socid saving figures have dlowed an approximation to the socid rate of return to Spanish
raillway investment, which may help to test some historians hypotheses on the overinvestment and
the resulting economic fallure of the Spanish rallway sysem. Actudly, the preiminary esimates
for the socid rates of return of the Spanish raillways in 1878 and 1912 do not confirm those
hypotheses. Socid gains from railways seem to have been high and positive even in 1878, largely
exceeding both the private rate of return of the railway companies and the market interest rates.
On the other hand, comparison of the socid rates of return of Spanish railways with the available
estimates for other economies provides a Smilar picture to the socid saving anadyss. Apparently,
the Spanish railway socid rates of return were smilar to their level in other European countriesin

1878, but they had become much higher by 1912.

These positive results seem to be in conflict with the negetive outcomes of the growth
andysis that was carried out in the previous chapter. However, evidence on market integration
and the geographica reorganisation of the activity indicates that the problem lies in the extremdy
long time (up to 50 or 60 years) that the achievement of the full potentid impact of rallway
investment would have taken. This is a lag that the available time series models are not able to
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grapple with. Therefore, the downess of the response of the economy to the new opportunities

helps to explain those negative results.

FHndly, disaggregated information on the Spanish rallway network has shown that the lines
with the highest potentia economic impact were built in the firs wave of railway congruction.
Afterwards, the incorporation of new lines with very low leves of utilisation and rather smdll
economic effects might have hindered the growth of the socid rate of return of Spanish railways
during the last decades of the nineteenth century. However, the extension of the network does not
necessarily give the measure of the overinvesment in the Spanish railway sysem, given the
diversty of functions that were performed by raillways in nineteenth century societies. They were
essentid not only from a purely efficiency point of view, but aso on equity grounds, if welfare was
to be extended to the maximum amount of people. However, the low population density of many
aress of the country led these two objectives to be in overt conflict in Spain and, once the first
wave of raillway construction had finished by 1866, railways started spreading to areas in which
they could not be profitable by any means.

In this context, the measures adopted by the State to guarantee the financid viahility of the
rallway lines became crucid. However, it is generdly believed that Spanish railways were afalure
from a purely private point of view. The next chapter is intended to analyse evidence regarding

that faillure in financid terms, as well asthe State' srole in the process.
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APPENDIX

SPANISH RAILWAY COST FUNCTION

A.6.1Lis of firmsin thesample

A.6.2 Sour ces of information

A.6.3 Regression coefficients (complete set)

A.6.1Lig of firmsin the sample

Frm Time period
Alar del Rey-Santander (ARS) 1867-1877
Alcantarilla-Lorca (AL) 1885-1935
AlmansaaVaenciay Tarragona (AVT) 1869-1885; 1887-1890
Andaluces (A) 1878-1935

ArgamasillaTomelloso (AT)
Avila-Salamanca (AS)
Bobadilla-Algeciras (BA)

Baza-Guadix (BG)

Betanzos-Ferrol (BF)

Bilbao-Portugalete (BP)

Central de Aragén (CA)

Granollers-San Juan de las Abadesas (GSJ)
Lérida-Balaguer (LB)

Lorca-Bazay Aguilas (LBA)

Madrid a Céceresy Portugal (y del Oeste) (MCPO)
Madrid a Zaragozay Alicante (MZA)
Medina del Campo-Salamanca(MS)
Medina del Campo-Zamoray Orense-Vigo (MZOV)
Mollet-Caldas (MC)

Norte (N)

Oeste (O)

Puebla de Hijar-Alcafiz (PA)

Puerto de Santa Maria-SanlUcar (PS)
Salamanca-Portugal (SP)
Santander-Mediterraneo (SM)
Santiago-Carril y Pontevedra (SC)

Sur (S

SevillaaJerez y Cadiz (SIC)
Soria-Navarra (SN)

TuddaBilbao (TB)

Torralba-Soria(TS)
Villduenga-Villaseca (VV)

Valenciay Aragén (VA)

Zafra-Huelva (ZH)

Zaragoza a Pamplonay Barcelona (ZPB)

1914-1930; 1932-1934
1904-1905; 1909-1922
1892-1912
1919-1935
1913-1923; 1925-1927
1888-1902; 1904-1927; 1929-1930; 1932-1934
1903-1935
1881-1889
1925-1930; 1933-1934
1895-1901; 1903-1930; 1932-1934
1882-1927
1858-1935
1875-1928
1867-1928
1899-1927; 1929-1930
1865-1935
1929-1935
1904-1930; 1933-1934
1901-1916
1888-1890; 1892-1928
1930-1935
1874-1926
1899-1928
1867-1875
1918; 1920-1930; 1932-1934
1867-1877
1892, 1895-1902; 1904-1922
1927-1935
1890-1891; 1893-1930; 1932-1934
1889-1935
1867-1876
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A.6.2 Sour ces of information
1) Cost

MZA, Norte and Andaluces cogt figures come from Anes Alvarez (1978), pp. 508-
109, except for MZA in 1932 and Andaluces in 1876-1879, which have been taken from AFT
and MAEORP, respectively.

For other firms, data come from MAEOP for 1857-1922, and from Ministerio de Obras
Plblicas (1940), val. 4, pp. 12-65, for 1923-1935. Gaps have been filled, when possible, with
informationin AFT and Camb6 Batlle (1918-1922), val. 2, pp. 94-98.

2) Output

For MZA, ton-km and passenger-km figures come from the company’s annua reports for
1858-1867, from Gémez Mendoza (1989b), pp. 293-294, for 1868-1912, and from Minigterio
de Obras Publicas (1940), vol. 4, pp. 16-17, for 1913-1935.

For Norte, data come from Gomez Mendoza (1989b), pp. 293-294.

For the remaining companies, output figures are only avalable for 1897-1922 in MAEOP
and for 1923-1935 in Minigerio de Obras Publicas (1940). For the period before 1897 (and
dso to fill in gaps in further periods), the procedure has been the following. Each company’stota
tons of freight and passengers transported (taken from MAEOP) have been multiplied by its
average freght and passenger hauls of later periods. When this information was not available
(because the firm had been absorbed by another one before 1897), assumptions about average
haulsin Gémez Mendoza (1981), pp. 99-101, have been accepted. To avoid large biases
resulting from this indirect procedure, freight and passenger revenues, also coming from MAEOP
and Minigterio de Obras Publicas (1940), have been divided by the estimated output, in order to
get average fares. When the result of that divison was not condstent with the information on
actual market faresin each period, output data have been dismissed. In addition, those companies
with sgnificant changes in their network length during the period before 1897 have aso been
excluded, snce the average haul of their freight and passenger traffic cannot be assumed to have
remained constant.
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3) Network length

Figures of each company’'s yearly average network length in operation are available in

MAEOP, AFT, Cambd Batlle (1918-1922) and Minigterio de Obras Publicas (1940).

4) Factor prices

Wages are taken from Reher and Ballesteros (1993) until 1905, and from Compariia de

los Caminos de Hierro del Norte de Esparia (1940) for the period after 1905, for which they

have been cadculated by dividing tota labour expenses by the number of workers. Reher and

Bdlesteros wage series is conggent with the few data available on rallway wages in Juez

Gonzalo (1992). Cod prices come from Carreras (1989b), pp. 216-218, for 1857-1879 and

1933-1935; from Call Martin and Sudria Triay (1987), for 1880-1911; and from the companies

own accounts, which are available in Anes Alvarez (1978), p. 450, for 1912-1932. The three

series have been linked in a continuous price index. Iron prices come from Carreras (1989b), pp.

225-226.

A.6.3 Regression coefficients (complete set)

@

@

Fixed effects  No fixed effects
N° Obs 1,056 106
Adj. R? 0.99 099
-19.919** -1.562
Constant (-7.409) (-0.901)
e 0.009** 0.001
(8.828) (1.054)
ok 0.905** 0.730**
(4.935) (3.915)
Passenger-km 007 S
g (0.486) (1.036)
-0.815** -0.521**
Network length (-5.930) (-4.752)
_ 2.502+* 1.230**
Labour price (5471) (2.603)
_ 0.055 0.368
Coal price (0.154) (1011
Iron price 0o v
p (1.803) (0142
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I nteraction terms

Ton-km x Ton-km

Passenger-km x Passenger-km

Ton-km x Passenger-km

Network length x Network

length

Ton-km x Network length

Passenger-km x Network length

Labour price x Labour price

Coal pricex Coal price

Iron price x Iron price

Labour price x Coal price

Labour pricex Iron price

Cod pricex Iron price

Ton-km x Labour price

Ton-km x Coal price

Ton-km x Iron price

Passenger-km x Labour price

Passenger-km x Coal price

Passenger-km x Iron price

Network length x Labour price

Network length x Coal price

Network length x Iron price

0.083+*
(5.837)

0.037+*
(4.207)

-0.058+*
(-3229)

0.132**
(10.408)

-0.170%*
(-8.956)

-0.010
(-0514)

-0.135+*
(-2.994)
0.076*
(2.384)

0.171**
(6.093)

0119
(1462)

-0.265+*
(-6.593)

-0.197+*
(-4.811)

-0.096**
(-3.805)

-0.071*
(-2.385)
0.117+*
(4.325)

0011
(0510)

0.131**
(4.482)

-0.059*
(-2.401)

0.166**
(7.649)

-0.010
(-0.499)

-0.093+*
(-5.705)

0.106**
(11.312)

0.053**
(14.587)

-0.110%*
(-10.183)

0.116**
(20.882)

-0.162**
(-12.041)

0023
(1.948)
-0.004
(-0.089)
0.069*
(2.048)

0.248**
(9.179)

0.181*
(2.084)

-0.288**
(-6.460)

-0.296**
(-7.279)

-0.060*
(-2.241)

-0.080*
(-2.506)

0.141**
4.876)

-0.001
(-0.041)

0.137+*
(5272)

-0.082**
(-3491)

0.118**
(6.458)

-0.017
(-0.843)

-0.093**
(-5.705)
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Firm effects

N 0.736
ARS 0.658
MZA 05%4
ZPB 0590
AVT 0.467
S 0.424
SIC 0.397
A 0.357
0] 0.240
BA 0.205
MCP 0.182
W 0.146
ZH 0135
BF 0.108
B 0.084
LBA 0.060
MZOV  0.030
GSJ -0.016
PA -0.042
BP -0.115
AT -0.144
MS -0.154
SC -0.159
SP -0.178
CA -0.206
AL -0.251
VA -0.286
SM -0.380
BG -0.407
LB -0.428
MC -0.441
AS -0.4%4
PS -0.497
SN -0.602
TS -0.610

* 5% significance level.
** 1% significance level.
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CHAPTER SEVEN

DiD SPANISH RAILWAYSFAIL? SOME CONJECTURESON THE SO-CALLED “ PARADOX OF
SPANISH RAILWAYS”

7.1 Introduction
7.2 Density of use and financial resultsin the Spanish railway system
7.3 Did Spanish railways fail? A public servicein an underdeveloped State

7.4 Conclusions

7.1 Introduction

As has been noted in the previous chapter, a number of Spanish historians have
been reluctant to accept Gémez Mendoza's optimistic views on the economic impact of
railways, because of the serious problems that the Spanish railway companies had to face
during most of their lives. According to Gabriel Tortella, anong others, the State's
mistakes in the regulation of the railway construction process prevented the growth impact
of railways from reaching its full potential and condemned the railway companies to a
precarious situation during their whole existence. More specifically, this author indicates
that the highly permissive character of the 1855 Railway Act provoked the excessively fast
construction of most of the network and, as a consequence, serious deficiencies in design,
the business structure of the sector, the companies debt structure and the quality of
infrastructure. As a result of those mistakes, demand was insufficient, traffic scarce and the

financial results very poor once the lines had been built.*®

Actudly, this perspective inherently assumes that it is possible to imagine a
counterfactual scenario in which, had the State’s behaviour been more efficient, the
network would have been utilised more heavily and the railway companies would have
been more successful. In this context, this chapter has two main objectives. On the one
hand, it is aimed at testing the hypothesis that financial results and the level of utilisation
were lower in the Spanish railway system than could have been expected. To that aim,

Spanish and European evidence regarding these two aspects is examined. On the other

%58 See, especially, Tortella Casares (1999), p. 250.
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hand, the State's intervention in the railway system is analysed, also from a comparative
point of view, in order to find out which anomalous aspects of the Spanish experience may
have contributed to the alegedly bad financia situation of the companies. Together with
the results of Chapter 6, this chapter is intended to shed some light on the so-called
“paradox of Spanish railways”’.

The chapter is organised as follows. Firstly, Section 7.2 analyses the level of
utilisation and the financial results of the Spanish railway system from a comparative point
of view. Secondly, Section 7.3. suggests an interpretation of the State’s role in the alleged

failure of the Spanish railways. The main conclusions are summarised in Section 7.4.

7.2 Density of use and financial resultsin the Spanish railway system

As has been indicated, a number of Spanish historians have insisted that the level of
utilisation and the financia results of Spanish railways were lower than they could have
been, given the high potential benefits of the railway system in Spain. Gabriel Tortella, for
instance, has contrasted the poor returns of the Spanish companies with the situation in
countries such as France, Germany or the UK, in which railways were (in his own words)
“magnificent” business.**® Comin Comin and his co-writers have indicated that the State’s
mistakes were the main reason for the companies critical financial situation, because
expectations “were very brilliant when the process started.”*®® And Keefer has expressed
his surprise a the companies inability to capture a larger share of the very high socia
saving of Spanish railways.*®* However, no systematic comparison with the situation in
other European countries has been carried out to confirm the idea that the traffic or the
companies results were much worse than could have been expected. This section is
intended to advance in that direction.

To start with, the density of use of the Spanish network has been said to be too low.
According to the historiography, the reasons for the underutilisation of the network would
have been diverse. Firstly, some authors have indicated that the radial design of the
network was inadeguate for the country’s needs and made the link between production and

9 Tortella Casares (1994a), p. 112.
%0 Comin Comin et al (1998), Vol. 1, p. 144 (my translation).
461 K eefer (1996), pp. 174-175.
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consumption centres difficult.*®> However, this conclusion has not been accepted by other
historians, who consider that the radia framework adapted quite well to the previoudy
existing road transport flows, and was the cheapest way to connect the whole country by
rail.*®® Secondly, the establishment of a gauge different from most European railway
networks has been considered to have put an additional burden on international transport

flows, discouraging the use of international railway links.*®*

Thirdly, the density of use of Spanish railways would also have been reduced by
the insufficient development of the network of secondary roads, which should have acted
as conveyors of freight for the railways.*®® Fourthly, railway rates have been said to remain
at too high levels as to stimulate traffic.*®® And, finally, the multiplicity of companies
prevented the management of the whole railway network as an integrated system and
imposed as a consequence an unfavourable cost structure, for both companies and users,

which would have also discouraged the use of the network. ¢’

However, in spite of all those problems, on the basis of the available evidence it is
difficult to see that the density of use of the Spanish railways was much lower than it could
have been given the level of development of the Spanish economy. Table 7.1 reports data

on density of use for a sample of European railway networks, and Graphs 7.1 and 7.2

462 See Nadal Oller (1975), pp. 48-50, Casafias Vallés (1977), p. 52, Herndndez (1999), p. 419, or Broder
52000), pp. 77-78.

%3 Artola (1978a), p. 24, showed that the design of the main railway lines tended to reproduce the direction
of the previous road traffic, on the basis of data on tolls (portazgos). Equipo Urbano (1972) found a high
level of coincidence between the actual railway network and the theoretical optimal network which results
from population and distances among urban centres. From the point of view of Cordero and Menéndez
(1978), p. 173, the radia design was the cheapest way to connect the whole country with the railway
network. These considerations have been accepted by Tortella Casares (1994a), p. 114, Gémez Mendoza
51997), p. 492, and Comin Comin et al (1998), Val. 1, p. 11.

64 See Cordero and Menéndez (1978), p. 188, Comin Comin et al (1998), Vol. 1, p. 59, and also Puffert
(1995), p. 303, and Siddall (1969), p. 48. Moreno Fernandez (1999) indicates the reasons that led to the initial
adoption of the 1.67 m gauge instead of the much more usual 1.44 m “European” one, which ranged from the
Spanish engineers' insufficient skills to the inefficiency of the Spanish political decision-making process.
From the late 1860's, when the core of the network had already been constructed, the benefits of gauge
reduction were always lower than the cost of the investment, due to the relatively low level of Spain's
international trade; see Puffert (1995), p. 308, and (2000), pp. 942 and 956. In a curious text, Page y Saavedra
(1854) supported the 1.67 m gauge by saying that: “ The passengers’ lack of comfort due to the need to get off
the train at the border will often be suffered by them within Spain and France if they change to a different
company or for other reasons, becauseit is (and will be) impossible for a person to travel for 24 hourswithin
acarriagein an uninterrupted journey from Paristo Madrid.” (p. 137, my translation).

465 e, for instance, Cordero and Menéndez (1978), p. 179, or Pascua Domeénech (1991), p. 264. These
authors indicate that most existing roads ran parallel to the railway lines in the mid-nineteenth century and, as
aconseguence, they were not complementary but competed for the same traffic.

466 On this subject, see below (Section 7.3).

67 Comin Comin et al (1998), Vol. 1, p. 144. An extreme example of that situation was the journey from

Murciato Granada, which was divided at the beginning of the twentieth century in five parts that were served
by five different companies; see Cuellar Villar (2001), p. 3.
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compare those data with each country’s level of income per capita.*°® According to that
evidence, the degree of utilisation of Spanish railways (which is highlighted in the graphs)
compared quite well with European standards. Apparently, the effects of the radia design,
the difference in gauge with respect to Europe, the high rates, the lack of co-ordination
among companies or the absence of secondary roads were not strong enough to bring down
the density of use of the Spanish railways much below the European average.

Table7.1

Railway density of usein some European economies
A) Freight transport (thousand ton-km per km of line)

1871/1875| 1881/1885 | 1891/1895 | 1901/1905

Belgium 321 455° 597' 902
Russa 742
Germany 371 448 550 721
England and Wales 384 472" 552¢ 638
Netherlands 233 303 425
France 420 392 352 417
Italy 133 250
Switzerland 136 176 212
Spain 124 169 139 186
Sweden 102 69° 85" 145
Finland 54 60 66 119
Denmark 64 100
Norway 56 43 57 77
Bulgaria 61

B) Passenger transport (thousand passenger-km per km of line)

1871/1875| 1881/1885| 1891/1895 | 1901/1905

Belgium 254 323 421 744
England and Wales 256™ 460° 678*
Germany 227 208 283 417
Netherlands 242 259 362
France 251 252 275 343
Switzerland 186 233 342
Russa . 271
Denmark 148 198
Italy 149 192"
Finland 87 67 64 130
Spain 103 112 109 127
Norway 72 56 82 105
Sweden o 46° 54" 80

Bulgaria 50

Sources: Mitchell (1998), except for Belgium, from Laffut (1983); England and Wales, from Cain (1988), pp.
124-125, and Statistical Abstract for the United Kingdom Switzerland, from Statistisches Jahrbuch der
Schweiz; Sweden in 1871/75-1891/95, from Statistisk Arsbok fér Sverige; and Spain, for which output figures
have been estimated asisindicated in Table 6.5.

Notes: (a) 1870 and 1875; (b) 1871; (c) 1880 and 1885; (d) 1880; (e) 1881; (f) 1890 and 1895; (g) 1890; (h)
1891; (i) 1893/1895; (j) 1900 and 1905; (k) 1900; (I) 1899 and 1905/1906; (m) 1870; (n) 1901/1903 and
1905.

468 Russiais not included in the graphs, because the characteristics of its traffic are not comparable with other
European countries.
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Thousand ton-km per km of lin

Thousand passenger-km per km of lir

Graph 7.1
Freight railway traffic and income per capita in the European
countries (1871/75-1901/05)
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Sources: Table 7.1 and Maddison (1995b).

Graph 7.2
Passenger railway traffic and income per capitain the
European countries (1871/75-1901/05)
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Sources: Table 7.1 and Maddison (1995h).
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Regarding the second major reason for Spanish historians' “railway pessimism”,
i.e. the low levels of the companies returns, Table 7.2 reports two comparable indicators
for a sample of European countries: the ratio between operation expenses and revenues,
and the ratio between net revenues (receipts less operation expenses) and total capital cost

of the networks.

Table7.2
Private returnsin European railways (1871/1875-1911/1913)
A) Operating ratio (wor king expensedtr affic receipts) (%)

1871/1875 | 1881/1885 | 1891/1895 | 1901/1905 | 1911/1913

Austria 66 57 56° 70° 75
Belgium® 64 61 58 63 70
Denmark o 81’
Finland® 80 67 66 85 73"
France 56 61 62 60 68
Germany?® 59 57 61 64 68
Hungary ' 52" 56 65
Italy 60 71 70 75/ 84
Netherlands® 86 84 80
Norway 69° 72 76 80 75
Portugal 43 45™

Romania 72" 62 70 59

Russia 79 65

Spain 46 44 45 49 48"
Spain I1° 38 42 43 46 47
Sweden 56 57 62 68 73
Switzerland 57 53" 60 64 66
United Kingdom 52 52 56 62 63

B) Ratio of net receiptsto capital costs (%)

1871/1875| 1881/1885| 1891/1895 | 1901/1905 | 1911/1913

Austria 3592 3.26 3.83° 3.10° 325°
Belgium® 3.96' 4.66" 3.88" 1.24
France 4.76 433 3.60 4.06 3.68'
Germany® 5.49 4.52 4.90 5.64 5.98
Hungary 3.7

Italy 1.98" 1.66 1.52 1.34"
Netherlands* 0.64 1.09 -0.68
Norway 2.60° 1.63 1.70 1.59 217"
Spain 4.36" 5.93'
Spain 11? 4.19 5.04 453 5.52 6.53'
Sweden 457 3.62 352 3.80 382
Switzerland 345° 3.26' 359 387 4.41
United Kingdom® 457 4.22 3.80 339 361"

Sources: Cambo Batlle (1918-1922); Mitchell (1988); Mulhall (1909); Pascual Domenech (1999a); Renkin (1904); Tedde
de Lorca (1978); Toutain (1967); Webb, A. D. (1911); AFT,; MAEOP; MZA's annual reports (1871-1912); Schweizerische
Eisenbahn-Statistik (1918); and Statistical Y earbooks of each country.

Notes: (a) 1870 and 1875; mixed Austro-Hungarian lines are included; (b) 1890 and 1895; (c) 1900 and 1905; (d) only
State railways; (€) 1901-1902; (f) 1911-1912; (g) only broad gauge railways; (h) 1891-1894; () 1872-1875; (j) 1901-
1903; (k) only the four largest companies; (1) 1891; (m) 1901 and 1905; (n) 1873-1875; (0) 1880; (p) only Norte, MZA,
Andaluces and TBF (when available); (q) 1875; (r) 1883-1885; (s) 1913; (t) 1884-1885; (u) 1893-1895; (v) 1902; (w)
1881-1884; (x) 1911 and 1913; (y) 1905; (z) 1904-1905; (a) only Norte, MZA and TBF (when available); () on paid-up
share and loan capital.
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Although figuresin Table 7.2 may not be entirely comparable, due to differences in
the accounting procedures and in the quality of data among countries, they seem to indicate
that the operating coefficients of Spanish railway companies were rather favourable in
comparative terms, and produced net revenues which, relative to the invested capital, were

quite high by European standards.*%°

This result, however, is not an indicator of financia success, because percentages in
the second part of Table 7.2 must be compared with the opportunity cost of capital in each
country. Since net operating revenues had to cover both the amortisation and the interest of
the capital invested in railways, rates of 4 or 5 per cent could have been sufficient in
countries rich in capital, but not in Spain, where the level of risk, the scarcity of resources,
the underdevelopment of financial institutions and the continuous pressure of government
debt issues kept the market interest rate at relatively high levels during most of the period
under study.*’® Percentages in the table, for instance, compare badly with the railway

t,471

companies returns to bond capital, usually around 6 per cen or with the interest on

mortgage loans or the State’s debt (also at similar levels),*’?

and they are much lower than
the average financial returns of the Spanish corporate firms, which was around 8.9 per cent

during the period 1880-1935.473

However, it must be stressed that financial weakness was not exclusive to Spain.
On the contrary, in other European peripheral economies, such as Italy and the Nordic
countries, or even in a very rich country like the Netherlands, railway companies were

probably worse off than in Spain during the |ate nineteenth and early twentieth centuries,*”

489 |t must be kept in mind, however, that data under the heading “ Spain 11” in Table 7.2 are an upper bound
of the returnsin the whole system, since they refer to some of the most profitable companies, as may be seen
by comparing the figures for the whole network and for those companiesin 1901/1905 and 1911/1913.

470 On the influence of the State’ s lack of financial discipline on the level of Spanish interest rates during the
period, see Martin Acefia (1994), pp. 144-145.

471 Bond railway returns ranged from 6.1 to 7.2 per cent during the railway mania of the early 1860's and
reached levels up to 9.5 per cent during the subsequent crisis. After the crisis, they remained at levels of 6 per
cent or slightly lower; see Pascual Domeénech (1999b), pp. 243-269 and 348.

472 | pidem, pp. 125 and 343. Yields on Spanish government long-term bonds were on average 5.16 per cent
between 1883 and 1914, a substantially higher rate than in Britain, France or Italy during those years; see
Martin Acefia (1994), pp. 163-164.

473 Tafunell (2000). This author includes railways among the Spanish sectors of “very low returns’; see
%X;ecially pp. 92-93, and return data for Spanish firmsin pp. 106-107.

474 For instance, for Finland, Jutikkala (1970), pp. 67-68, stresses the complete financial failure of Finnish
railways since their origin and, for Sweden, Hildebrand (1978), p. 606, indicates that the situation of the
Swedish railways was “often precarious’ between the crisis of the 1870’s and the end of the nineteenth
century.
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On the other hand, the private return figures in Table 7.2 are the average of very
heterogeneous situations within each railway system. In the Spanish case, as was indicated
in the previous chapter, the first long wave of railway construction, in which the “core” of
the network was established, was followed by a longer period in which a large number of
lines with relatively low utilisation levels were built. Obviously, the lower density of use of
the later lines also corresponded to relatively poorer profitability prospects, as may be

observed in Table 7.3.

Table7.3
Private returns of Spanish railways (1904-1905)
Km | Density of | Density of Gross Net revenue | Working Net
passenger freight revenue per | per km of line| expenses/| revenue/
traffic traffic km of line (pesetas) Gross capital
(thousand | (thousand (pesetas) Revenue cost
passenger- | ton-km per (%) (%)
km per km) km)
Lines open
before 1873 7,482 166 247 29,125 15,720 46 5.63
Lines open
after 1873 5,672 89 103 13,422 4,667 65 2.20
Whole
network 13,224 132 185 22,313 10,926 51 4.36

Source: MAEOP.

Figures in the table indicate that, at the beginning of the twentieth century, the
“core’ of the Spanish railway network benefited from relatively high returns by European
standards. Actualy, some of the “core” railway lines were profitable from a pure market
perspective. The companies included in that group were the largest ones (Norte, MZA and
Andaluces), whose lines linked the main Spanish urban centres (such as Madrid,
Barcelona, Valencia, Bilbao or Seville) and ran through the wealthiest areas of Spain (such
as Cataonia, the Basgue and Valencian Countries and, to some extent, Western
Andalusia). In contrast, the lines that were built after 1873 yielded on average extremely
poor returns. That group mainly included lines that ran through rura and very sparsely-
populated areas (such as Extremadura, Western Castile or the South-East of Spain) and did

not link any important urban centres.*”

475 Similar situations may be observed in other countries. According to Aldcroft (1974), p. 34, and Leclerq
(1990), pp. 53-54, a large share of the worsening of the returns of the British and French railway systems
(which is noticeablein Table 7.2) may be attributed to the construction of secondary unprofitable lines.
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Apparently, a counterfactual scenario with more heavily utilised railways and
higher private returns, as suggested by the historiography, would only have been possible
if a smaller network had been built, which excluded most of the lines that were constructed
after the 1860's (i.e., around one third of the actual network). That alternative investment
strategy might have resulted in a more profitable system from the point of view of the
companies returns. However, as has been indicated before, the presence of lines with low
density of use and poor returns is to be expected in a country like Spain, where the
existence of some very sparsely-populated areas necessarily gives rise to conflicts between

efficiency and the public desire to extend cheap transport to the whole country.

In fact, the notion that railways were a public service that should be made available
to the entire territory of each country was widespread during the second half of the
nineteenth century. In many cases, such as the Spanish one, the public interest justification
of some railway links resulted in the construction of unprofitable lines. Obvioudly, those
situations were only possible due to the State’s involvement. As railways were considered
a matter of public interest in most countries, a wide variety of public measures were
developed, from regulation to direct transfers of resources, which were addressed at
guaranteeing their construction, the quality of the service they provided, a moderate level
of fares and a sufficient rate of return on the private capital invested in the system, in those

cases in which the market was not able to do so.

However, the European states did not achieve the same success in those aims. And
the Spanish railways congtitute one of the clearest examples of State failure. In Spain,
public intervention was not able to guarantee either the return on share capital or the
quality of the railway service. And, in fact, it is in the failure of the State that the main
reason for the widespread contemporary and historiographical “railway pessimism” can be
found. To sum up, unlike Tortella and others’ views, it does not seem possible to accept
that, in the case of Spanish railways, traffic and returns were lower than could have been
expected. Actually, they were as low as they “should” be, and what seems to have been
lacking in Spain is an efficient public sector to underwrite the welfare of the companies
shareholders and the users of the railway system. The next section examines the failure of
the Spanish State.
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7.3 Did Spanish railways fail? A public service in an under developed State

In most European countries, the State’s intervention in the railway system, which
took place through regulation and transfer of resources, was designed to guarantee
construction, the quality of service, a moderate level of users fares, and sufficient returns
to private capital. Apparently, in the Spanish case, only the first objective was attained.
Railways were constructed but, once in operation, service was precarious and fares too
high, and returns on the companies shares remained much lower than the Spanish market
interest rate.*"®

The most likely origin of the inefficiency of public regulation was the poor
financial situation of the Spanish State. As has been pointed out by research on the Spanish
public sector, during the nineteenth century the social and political structure of the country
prevented the establishment of a tax system that was sufficient for the needs of the
economy.*’’ Apparently, in the case of the railway system, the lack of public resources was
compensated in two main ways: i) by allowing share capital to receive returns lower than
the market level; ii) by minimising public control over the railway companies, letting them
decrease the quality of service and apply relatively high fares. In other words, the missing
public resources were obtained from the “indirect taxation” of two socia groups. the
original shareholders and the users of the service.*’® The remainder of this section offers

some evidence on those two processes.

Unlike what happened in most European countries, the Spanish State left the
railways entirely in the hands of private companies until the 1920's.*’® A concession
regime was the basis of the system from the first public regulation of the new transport
means (the 1844 Real Orden), which never contemplate serioudy the possibility of public

ownership.

4% Obviously, all those problems were not exclusive of Spain. See, for instance, for Italy, Fenoaltea (1983).
*77 See, for instance, Comin Comin (1996), pp. 121-124.

478 This ideais in line with Artola's conclusion that the objective of Spanish governments was “to give the
country a railway network at the lowest possible cost to the taxpayer although not to the investor”; see Artola
(1978b), p. 366 (my translation). A similar situation, in which the “indirect taxation” to users replaced an
adequate tax system, has been described for Prussia between the 1880's and 1914 by Fremdling (1980),
although under very different circumstances, since in that country the surpluses of the rather well-off state-
owned railways constituted a direct revenue for the Prussian public budget.

479 According to Cambo Batlle (1918-1922), Vol. 5, pp. 463-464, the shares of the railway network that were
state-owned in the European countries by 1910 were the following: Germany, 91 per cent; Bulgaria, 89 per
cent; Romania, 88 per cent; Italy, 84 per cent; Norway, 81 per cent; Austria-Hungary, 80 per cent; Serbia, 72
per cent; Switzerland, 58 per cent; Denmark, 56 per cent; Netherlands, 54 per cent; Belgium, 51 per cent;
Portugal 37 per cent; Sweden, 31 per cent; France, 20 per cent; and United Kingdom, Spain and Greece, 0
per cent.
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On the other hand, in that earliest regulation, the lack of clarity on the matter of
public subsidies gave birth to a highly discretionary policy, which opened up great
possibilities for speculation, as the State’s involvement in each project depended on the
political influence of promoters.*®® Later on, a number of decrees in the early 1850's
clarified the issue to some extent by guaranteeing a fixed 6 per cent interest rate on the
companies capital during the period of construction of the line, and the difference between
6 per cent and the companies rate of return thereafter, as well as an annual 1 per cent as
amortisation. “®* However, the absence of a General Railway Act before 1855 preserved the
discretionary character of the State's involvement during those years, and asymmetric
information and the close links existing between politicians and promoters made it very
easy for the latter to expropriate the State in the process.*®? In addition, the guarantee of
interest seems to have given rise to intense Averch-Johnson-type overinvestment processes

in that initial stage of railway construction. 3

In that context, the 1855 Railway Act was an attempt to stimulate construction and,
at the same time, eliminate discretionary subsidies and speculation. The system established
in 1855 was maintained in the subsequent 1870 and 1877 Acts and congtituted, therefore,
the basic framework within which most of the Spanish railway system operated until the
first decades of the twentieth century.

The 1855 Act consolidated a regime of concessions according to which railways
were ultimately publicly owned but would be built and operated by private companies
during a period of 99 years; at the end of that time, they would revert to the State. The

480 Actually that problem was worsened because, in the 1844 Real Orden, preference in concessions was
granted to “well known and established individuals’.

81 On the Spanish railway regulation before 1855, see Mateo del Peral (1978), pp. 31-87 and 133-143, Artola
(1978Db), pp. 341-436, or Comin Comin et a (1998), Vol. 1, pp. 37-54.
“82 Examples of that situation are the high profits that were obtained by José de Salamanca (who was Minister
of the Spanish government several times during those years), or the Duke of Riénsares (second husband of
the Spanish Queen Mother) in the promotion of railway lines. In fact, speculation transformed the railway
policy into one of the reasons for the 1854 Spanish revolution. On José de Salamanca’'s involvement in
raillway investment see, for instance, Lépez-Morell (2001).

483 As Averch, Johnson and Wellisz, among others, have pointed out, the use of a “fair rate of return”
criterion in the regulation of firms that provide services subject to public control, may induce them to adopt
an excessively capital-intensive technology and to take on additional business, if necessary, at
unremunerative rates. That expansion of investment and output may produce inefficient results from the
society’s point of view, since the social benefits of new investment may fall short of its social costs. This
type of process was described in detail by Averch and Johnson (1962) and Wellisz (1963); a survey on this
issue may be seen in Khan (1988), Val. 2, pp. 49-59. In the case of Spanish railways, Hernandez (1983), pp.
79-80 and 131-176, gives some examples of overinvestment in the main line of AVT, which was one of the
few railways that benefited from the guarantee of interest; see also Artola (1978b), pp. 346-348.
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t,484 and from

matter of public subsidies to the railway companies was left open in the tex
1855 onwards the most usual aid was a lump-sum subsidy for construction, which was to
be paid in negotiable State bonds.*®° Its level was established through an auction system, in
which the concession of each line was granted to the applicant that asked for the lowest
subsidy.*® In the context of the financia problems of the Spanish public sector, that
system was intended to keep the State contribution at just a sufficient level as to guarantee
the construction of the network by the private sector, but avoiding any waste of public

resources.*®’

However, immediately after the system was established, auctions for concessions
became overcrowded. That situation was not surprising once the institutional framework
had been clarified since, all over Europe, railway construction was an activity which
yielded substantial profits to promoters. As a consequence, the final level of subsidies was
too low to guarantee returns on share capital at the market level. Actualy, in some of the
lines with better profitability prospects as, for instance, the Seville-Cadiz line and most
Catalan railways, the fina result of the auctions was the total absence of subsidies in the

concession contract. *88

As aresult of the auction system, direct public subsidies until 1863 amounted to 28
per cent of the ex-ante construction cost estimates.*®® However, the actual direct State
contribution to railway construction was substantialy lower than that percentage, for two

reasons. Firstly, alarge share of those subsidies was paid in public debt, which was usually

484 According to the 1855 Act, the State’s subsidies could consist of the direct construction of some works,
lump-sum subsidies or guarantee of interest; see Casares Alonso (1973), p. 91.

“8% The matter of subsidies was not substantially altered in the 1870 and 1877 Railway Acts; see Mateo del
Peral (1978), pp. 155-157. Lump-sum subsidies were accompanied from the beginning by some indirect
subsidies, such as tariff and tax exemptions, which, according to some research, had greater effects on the
companies results than the direct subsidy itself; seeibidem, p. 159, and Artola (1978b), pp. 366-379.

486 On the other hand, applicants used to be different from the final companies which would carry out the line
construction and operation. These were only constituted, and financial resources collected from the capital
market, once concessions had been obtained and the lump-sum subsidy level had been established. In other
words, the determination of the level of subsidies was previous and independent of the companies’ share and
bond issues; see Tedde de Lorca (1978), pp. 13-14.

87 The advantages for the State of a system of lump-sum subsidies that were paid in public debt, compared
with the guarantee of interest are illustrated in Artola (1978b), pp. 358-360; see also Hernandez (1983), pp.
92-93, and Comin Comin et a (1998), Val. 1, p. 57.

“88 See Broder (2000), p. 295, and Pascual Doménech (1999b), p. 161.

89 Comin Comin et al (1998), Val. 1, p. 98.
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quoted under its nomina value.**° And, secondly, ex-ante estimates were greatly exceeded

by the actual costs of construction of the lines.

According to Cordero and Menéndez's analysis of a sample of lines, the actual
costs of railway construction were 54 per cent higher than ex-ante estimates.*®* Although
engineering mistakes could have been the origin of some mismatch between estimated and
actual costs,**? such a huge miscalculation is rather unlikely. In fact, there seems to be
clear evidence that the fina construction cost figures were artificialy increased by
promoters during the process of railway building, as a direct way to extract rents at the
expense of future profits.*®® Keefer's recent research has shown that the cost of grading,
bridges, tunnels and ballasting of the lines of Norte and MZA was 8 to 39 per cent higher
than would have been expected according to contemporary technical information.*** This
result has confirmed suspicions (widespread in the historiography and among
contemporaries) that a high level of fraud was present in the process of construction of the
Spanish railways.*®® Actually, this was possible due to the State's lack of control over the
construction process,**® as well as its generous attitude towards the companies’ capacity to
issue bonds.*®” These were the first signs of the State's generalised permissiveness, which

acted as a substitute for public investment.

As could be expected, high construction costs, low direct subsidies and the parallel

increase in the companies leverage ratio, resulted in negative returns for the companies

490 Artola (1978b), pp. 356-366. In addition, as this author indicates, in 1882 the government unilaterally
consolidated the debt bonds as perpetual assets at alower interest rate than the original ones.

491 Cordero and Menéndez (1978), p. 264; see some contemporary complaints about that mismatch in Revista
de Obras Publicas, 14, 7, (1866), pp. 79-80, or in Page (1871), p. 132.

492 Actually, some mismatch could not be avoided, because estimates were based on official valuations of
commodities (coming from the Spanish tariff regulation), rather than actual market prices. | thank Pere
Pascual Domeénech for thisinformation.

493 1n fact, artificially increased construction costs characterised the process of railway building in most
countries; see Debande (1997), pp. 207-211, and also, for the British case, Kenwood (1965), p. 314; for the
US, Fishlow (1965), p. 179, and Fogel (1960), p. 54; and for Portugal, Pinheiro (1979), p. 284.

494 K eefer (1996), pp. 187-188.

9% See, for instance, Tortella Casares (1973), p. 78, Nadal Oller (1975), p. 46, Tedde de Lorca (1978), pp.
118-120 and 235 and (1980), pp. 34-35, Hernandez (1983), pp. 52-53 and 382-398, Veiga Alonso (1999), pp.
593-594, Lopez-Morell (1999), pp. 682-683, Pascua Doménech (1999b), pp. 259, 315-316 and 352-353,
Comin Comin et a (1998), Vol. 1, p. 142, or Hernandez (1999), pp. 418-421, as well as some
contemporaries’ considerations in Mateo del Peral (1978), p. 153, Revista de Obras Puablicas, 14, 5 (1866),
pJ). 49-55 and 79-80, or Sanchez de Toca (1911), pp. 152-153.

4% gee for instance, Comin Comin et al (1998), Vol. 1, p. 144, and VeigaAlonso (1999), p. 594.

97 The legal limit to issue bonds was, at the start, 50 per cent of the sum of paid-up share capital and
subsidies. It was soon extended until 200 per cent of that amount, allowing at the same time the inclusion of
tariff exemptions within subsidies for the calculation. Finally, in 1868, due to the deep French and Spanish
financial crises, the legal limit was replaced by a discretionary policy in which each company’s applications
for bond issues were dealt with individually; see Broder (2000), p. 76, Casares Alonso (1973), pp. 98 and
267, or Nadal Oller (1975), pp. 42-43.
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share capital. During the period 1859-1913 the average return distributed to shareholders
was 2.09 per cent in the case of Norte, 2.16 per cent in the case of MZA and 2.11 per cent
in the case of Andaluces.*®® For the Catalan lines, Pere Pascual has recently calculated the
average returns on share capital when the changes in the nominal value of the assets that
took place with the successive companies mergers are considered. His results indicate that
the share capital of the three companies that would constitute TBF (later to be absorbed by
MZA) received an average dividend of 2.30, 3.20 and 4.11 per cent, respectively, during
the period 1849-1935. And in the Compafiia del Ferrocarril de Barcelona a Zaragoza
(which was later integrated in Norte) the average dividend amounted to 1.46 per cent of the
share capital during the same years.**® These examples give an upper bound for the returns
that railway shareholders obtained from their assets, since Norte, MZA, Andaluces and the
Catalan lines were among the most profitable railway undertakings in the country, all of
them being included in the first row of Table 7.3.5%°

The reported percentages were clearly below the 6 per cent interest rate that private
capital could expect from the Spanish financial market. However, in spite of the poor
profitability prospects of the Spanish railway companies, share issues found enough
subscribers, at least during the first wave of railway construction. Several circumstances
may explain that surprising behaviour. The first reason was obviously the fact that a
substantial proportion of share capital was bought by the promoters themselves, who
expected to get their returns by means other than dividends. Apart from the fact that the

promoters subscription to shares was under privileged conditions,>%*

they were interested
in management control as a way to pursuit personal (non-profit maximising) objectives and

treat themselves preferentially at the expense of small investors.®®? This helps to explain

498 E| problema... (1933), p. 133, and Tedde de Lorca (1980). The figure for Andaluces corresponds to the
period 1878-1913, since that company was established in 1877.

499 pascual Doménech (2000), pp. 17-21.

%00 An example of the situation in other companiesis the case of Sur, which was the eighth Spanish company
in route-miles, and in which no dividend was distributed ever in the whole life of the company; see Cuéllar
Villar and Sanchez Picon (1999), p. 626.

%01 5eg, for instance, Herndndez (1983), pp. 231-232.

%02 5ee Schleifer and Vishny (1997). Personal objectives might be achieved, for instance, “by paying
themselves special dividends or by exploiting other business relationships with the companies they control”
(p. 758-759); according to Comin Comin et a (1998), Vol. 1, p. 324, such situations would have been
frequent in the Spanish railway companies. For instance, Rodrigo y Alharilla (1999), p. 701, has stressed the
importance of the demands from Norte for other business of the Marquis of Comillas, which was one of the
main shareholders of the company during the 1880’s. And in the case of foreign promoters, some authors
have insisted on the profits they could obtain from the supply of materials or the negotiation of shares and
bonds in the French and Belgian markets; see Nadal Oller (1975), pp. 42 and 46, Pascual Domenech (1999b),
pp. 24-25 and 259, or Lopez-Morell (1999), pp. 687-690, who offers a detailed description of the benefits
that the Rothschild obtained from the promotion of MZA.
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the fact that the Rothschild and the Péreire families kept their majority position in MZA
and Norte at least until the First World War, in spite of the low profitability prospects of
those two companies.®®® And, in fact, situations of overt conflict between the interests of

large and small shareholders were not unknown in those firms.>%*

On the other hand, the presence of large European financial institutions in the
companies could also have stimulated the acquisition of railway shares by individuals,
acting as guarantee for small investors with incomplete information on the new companies
prospects.®® In the Spanish case, for instance, the intervention of Rothschild and Péreire
was crucia for the placing of the first railway share issues on the French markets.>%
Similarly, the Spanish State's support was also fundamental in the process, for two
reasons. Firstly, although no interest rate was guaranteed to share capital, the State's
intervention was taken by investors as an indication of lower risk.>®” And, secondly, the
State’s approval of the promoters projects, including the acceptance of their over-

optimistic estimates of future transport demand, was misleading for private capital.>%®

Initially, subscriptions to shares were also relatively easy because promoters
guaranteed yearly dividends to the first issues during the period of construction of the
lines.>® Obviously, that procedure attracted investors but, at the same time, further
jeopardised the companies’ future by increasing construction costs. Finaly, in addition to
al those factors, there is no doubt that the first wave of Spanish railway construction

benefited from an atmosphere of exaggerated optimism and a speculation bubble, which

%03 1 1901, the Rothschild owned 41 per cent of the share capital of MZA and the Péreire 29 per cent of the
share capital of Norte; see Comin Comin et al (1998), Vol. 1, pp. 317-320.

%04 The most clear situation of overt conflict took place in MZA when TBF was taken over in 1897 because,
once in their new company, TBF old shareholders started claiming for higher dividends than those usually
distributed by MZA; see Comin Comin et al (1998), Val. 1, p. 326.

%05 | infrastructure projects, “the participation of banks has an effect of signalling, which makes it easier to
finance the project by issuing shares’; Debande (1997), p. 205.

%06 See Hernandez (1983), p. 53, or Lépez-Morell (1999), p. 681. The proportion of share and bond capital of
the Spanish railway companies that was sold in foreign markets has been estimated at 60 per cent of the total.
Obviously, not all this percentage was bought by foreign investors, but part of it was acquired by Spanish
agents abroad; see Tedde de Lorca (1980), pp. 32-33, Gomez Mendoza (1989a), pp. 73-78, or Comin Comin
et a (1998), Vol. 1, p. 143. See also Platt (1984), p. 131, who estimates the proportion of capital that was
actually subscribed by foreigners as 40 per cent of thetotal.

%07 Cubel Montesinos and Palafox Gamir (1999), p. 26. Sampité (1888), p. 488, indicates, on the French
secondary railways, that State intervention might have reduced the bond interest rate from 6 to 7.5 per cent
until 5to 5.25 per cent.

%08 Actually, mistakes in traffic forecasts were not only the result of over-optimism but also reflected the
engineers' difficulties to know the actual economic potential of the areas which would be crossed by future
lines, due to the unavailability of information. In this regard, Cordero and Menéndez (1978), pp. 201-202,
indicate that engineers often replaced sound economic analysis by rough considerations on the “enormous
wealth” of the area crossed by the future railway.

%09 That procedure was usual in most European countries; see Pascual Doménech (1999b), p. 205.
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was not exclusive to the Spanish case and caused the short-term overvaluation of the

Spanish railway projects.®

Nevertheless, the situation was soon corrected by the market. On the one hand, after
the crisis of 1866, the Spanish railway companies shares were quoted under their nominal
value during most of their life. For instance, in the case of the Catalan railways, which
were among the most profitable in the country, the average market price of the different
companies shares during the period 1849-1935 amounted to a percentage between 38 and
92 per cent of their nominal value (depending on the firm). As a consequence, as has been
pointed out by Pere Pascual, resources invested in the acquisition of railway shares on the
Barcelona stock exchange after 1866, yielded profits close to the market interest rate.®*! In
other words, whereas most of the investors that bought their shares at market prices after
construction did not suffer any significant erosion in the value of their investment, the
original subscribers of share capital had part of their resources expropriated due to the

shortcomings of the State’s intervention.

However, the highly frustrating experience for shareholders in the 1860’s, as well
as the fact that the new lines under construction had still lower profitability prospects,
made potential investors highly reluctant to accept new share issues.®*? As a consequence,
after the first wave of railway construction, the importance of share capital gradually
decreased, and bond capital, which had already been important before 1866, became the
essential source of funds. The result was an increasing ratio between bond and share
capital in the railway system, from 1.1in 1864 to 1.9 in 1891.%*3

%10 gee Schieifer and Vishny (1997), p. 750. According to Wellington (1898), p. 30, in the context of
nineteenth century railway construction, bubbles were “all but unavoidable”. On the Spanish case see, for
instance, Lopez-Morell (1999), p. 670. After the first wave of railway construction, a second short episode of
over-optimism took place in the Barcelona capital market in the period 1879-1882, in which, despite the
companies previous financial failure, demand for railway shares was much higher than supply; see Pascual
Domeénech (1999b), pp. 346 and 426.

511 pascual Domeénech (2000), pp. 24-30.

®12 For instance, Pascual Doménech (1999b), p. 347, indicates that after the 1866 railway crisis it was no
longer possible to issue shares at their nominal value in the Barcelona stock exchange, except for the years
1879-1881.

513 Nadal Oller (1975), p. 43. Those ratios, however, are not too high according to the historical experience of
infrastructure construction in less developed countries, which usually involves a high level of risk.
Eichengreen (1994), pp. 21-22, indicates that, in a context of imperfect information, a high leverage is
necessary to attract capital, although it increases the problems of adverse selection and moral hazard; see also
Wellington (1898), pp. 29-30, and Baskin (1988), pp. 215-219, and for the French case, Caron (1983), p. 29,
who estimates, for the French railways, a leverage ratio of 4 in 1880. On the other hand, Tedde de Lorca
(1978), p. 35, among others, indicates that the increase in the leverage ratio was also related with the
promoters’ desire to keep control of the companies’ management; see also Baskin (1988), p. 220.
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Apart from the original shareholders, the lack of public resources also put
unexpected burdens on the railway users. Once operation had started, the lack of State
control over the companies had two main features. On the one hand, companies seem to
have benefited from a virtual freedom in the establishment of fares at least until the First
World War. On the other hand, their renewal and improvement investments were clearly
insufficient, specialy after the last few years of the nineteenth century. The next

paragraphs offer some evidence on these two problems.

There is unanimity among historians and contemporaries on the fact that the legal
maximum rates were kept, at least until 1914, a such a high level that, in fact, the
companies had no restrictions on their fare policy.>** The origina concession terms
provided that maximum rates would only be reduced if the companies returns were higher
than 12 or 15 per cent of the value of their capital. Obvioudly, such returns were not

attained during the whole period under study.>*®

In fact, the preservation of the excessively high origina regulatory rates is
consistent with the gradual increase in the maximum legal leverage ratio of the Spanish
railway companies. The establishment of a virtual freedom to set rates helped to avoid the
financial distress that the regulated companies could have suffered with the increase in
bond capital, while minimising State contribution.>*® In that context, according to some
researchers, the strategy of the main companies consisted of establishing rates at the
maximum possible level, especialy on the most densely-utilised lines, under the
assumption that the easticity of transport demand was very low.>!” Obviously, the only
exceptions arose when competition from other transport means was possible, as in those
short-distance routes where roads could compete with railways. In those situations, a

system of special rates was adopted, in order to attract traffic.®'® Only when some

514 See, for instance, Sanchez de Toca (1917), p. 60, Casares Alonso (1973), p. 391, and Artola (1978b), p.
391. This author indicates that the first “provisional” maximum market rates seem to have resulted from the
direct conversion of the French rates to Spanish currency, with no reference to the Spanish purchasing power
level. An excessively high level of the maximum legal rates has also been pointed out for the Italian railways
in Fenoaltea (1983), pp. 86-87.

15 According to Artola (1978b), p. 394, attempts to avoid that level of returns led some companies to
increase artificially the level of their capital accounts.

%18 This idea was already advanced by Anes Alvarez (1978), pp. 393-395, and Gémez Mendoza (1981), p.
202. See also Dasgupta and Nanda (1993), or Spiegel (1994).

%17 See, for instance, Alzolay Minondo (1884-1885), 33, p. 6, and also Tortella Casares (1973), pp. 190-191,
Comin Comin et al (1998), Val. 1, p. 218, or Hernandez (1999), p. 420.

*18 For instance, in the case of grain transport between Castile and Barcelona, Norte applied a special rate
system to bring traffic away from the route through the Canal of Castile, the Santander railway and along the
Peninsula coastline; see Pascual Doménech (1999b), pp. 455-456, 469 and 480, Barquin Gil (1997), pp. 43-
44, and Moreno Lazaro (2000), pp. 17-20.
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indications of a higher demand elasticity emerged, in the first years of the twentieth

century, did the companies start applying substantial reductions in the market rates.>*®

The Spanish State also seems to have replaced financial contribution with a lower
control over the system with regard to the quality of the companies transport services.
During the whole second half of the nineteenth century, the State railway inspection
service was criticised for its inefficiency, and public inspectors were even blamed for
behaving as companies employees.®®° As a result of the companies’ virtual freedom, the
quality standards of Spanish railway transport were rather low. Complaints about the bad
quality of the service can be traced back to 1865, and the measures taken by the
government to sort out problems were in general ineffective.®* Some reports of the 1870's
and 1880's point out that commodities had to wait at the railway station for several days
until they could be delivered, even in the case of livestock,>?? and in some extreme cases,
delays of two months were reported.®?®> Those problems gradually worsened from the
1890's, when the growing need to renew assets that were reaching the end of their useful
life coincided with a significant rise in transport demand and with the increase in the
companies financial costs due to currency depreciation, as a large share of bond returns
had to be paid in francs.>%*

In that context, the response of the companies was a clearly inadequate investment
policy. As a consequence, from the last few years of the nineteenth century, the
shortcomings of the companies equipment and infrastructure became more and more
evident. Firstly, double track was absent from the main trunk routes, which jeopardised the
development of traffic by preventing an increase in the daily number of trains. In fact, the
need for double track was already evident in the 1880’s in the most heavily-utilised line of
the system (the route Madrid-Iran towards Paris), and Pablo de Alzola directly attributed
its absence in that line to the government's lack of control over the companies.®®

Secondly, the rolling stock of the main railway companies was also considered by the

519 pascual Domeénech (1999b), pp. 494-496. As is described below, the situation was completely altered by
the inflation process of the First World War, after which the legal maximum rates turned out to be too low for
the companiesto survive.

520 Casares Alonso (1973), pp. 396-400.

%21 Cordero and Menéndez (1978), pp. 319-320.

%22 See Artola (1978b), p. 401, and Anes Alvarez (1978), p. 475.

2 Gomez Mendoza (1999a), p. 724.

524 Seg, for instance, Sanchez de Toca (1895), pp. 38-42, Casares Alonso (1973), p. 159, and, especialy,
Tedde de Lorca (1978).

2% Alzolay Minondo (1884-1885), 33, p. 234; see also Vega Armentero (1884), pp. 32-34.
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1890's to be totally insufficient to meet the country’s transport needs.®%® Later on, in 1912,
in spite of some attempts to improve the situation, the actual traffic demand seemed to
have exceeded the capacity of the railway system by far,%’ and the quality of service was
so low that the Local Council of the city of Almeria, for instance, went so far as to head a

one-day general strike against the local railway company. >

Representatives of the railway companies insisted that those shortcomings were the
unavoidable result of the low density of use of the network.®?® However, other
contemporary opinions pointed out that the situation was the result of the companies bad
financia situation, which could be partly attributed to State policy mistakes.>*° Actually, a
different investment strategy would have been unlikely in the Spanish context. As has been
pointed out, the State railway policy, which had been oriented to minimising the public
contribution to the system, had constrained the companies returns to very narrow limits.
On many occasions, the payment of the interest on the bond capita excluded any
investment in asset renewal or improvement. When the companies’ situation was better, it
was necessary to choose between offering some returns to shareholders or improving the
companies equipment. Large capital expenditures were discouraged because they would
have had to be financed to a large extent by additional bond issues. As the end of the
concession period became closer, issuing new bonds would have required the application
of growing amortisation rates on the bond capital, which would have gradually reduced the
companies yields and, in the medium term, would probably have prevented interest
payments to bonds.®>*! In that context, the inefficiency of the State control over the
companies activity increased the probability that the companies would apply an
inadequate investment policy.

526 See Cordero and Menéndez (1978), p. 300.

%27 Rodriguez Saiz (1979), p. 447. The insufficiency of rolling stock renewal during the period 1906-1922 is
pointed out by Cordero and Menéndez (1978), pp. 293-299. For instance, according to these authors, 30 per
cent of Norte locomotives were more than 50 years old in 1924, and 50 per cent were more than 30 years old.
528 cuéllar Villar and Sanchez Picon (1999), p. 636.

529 See, for instance, Maristany y Gibert (1889), p. 3, or Peralta (1891), pp. 366-369. That opinion was
accepted by Boag, who indicated in 1923 that: “None of the main trunk lines have ever had a traffic
sufficiently productive to warrant heavy expenditure on improved location and the consequence is a general
low average of speed” ; Boag (1923), p. 2.

%30 see for instance, Sanchez de Toca (1895), pp. 37-38 and 124-125, who indicates that the application of a
strict State control over the companies’ operation would have led them to bankruptcy.

31 gee Olariaga (1921), p. 147, El problema... (1933), pp. 16-17, Artola (1978b), pp. 416-417 and 423,
Casares Alonso (1973), p. 277, Iglesias (1981), p. 157, Tortella Casares (1994a), p. 113, Comin Comin et al
(1998), Vol. 1, p. 282, or Broder (2000), p. 269. Reduction of the quality of the service as the end of the
concession term gets closer is atypical feature of transport companies when public control is not efficient;
see, for instance, De Rus (1999), p. 9. This author indicates that strict public control increases the risk
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In fact, the companies choice was equivalent to supporting the level of the returns
on share and bond capital in the short term, at the expense of the long term viability of the
firm. Actually, that behaviour only made sense if the companies regarded the theoretical
public ownership of the lines as an ultimate guarantee for the survival of the system. In
other words, the railway companies behaviour corresponded to a large extent to a
“looting” strategy, according to which the lax regulation of the railway system gave the
agents that controlled the companies “an incentive to pay themselves more than their firms
[we] re worth and then default on their debt obligation”. In other words, they “acted as if

future losses were somebody else’s problem” .32

The companies expectations were confirmed when the increasingly interventionist
Spanish State became gradually more involved in their problems after the First World War.
At that date, the costs of the previous strategy became evident. The rise in sea transport
rates associated with the war provoked a huge increase in the demand for railway services,
whereas some constraints arose in the supply of some materias, such as coa or rails. The
Spanish railway system was then close to collapse, especially in the case of the most
heavily-utilised lines. And the sudden inflation process that took place simultaneoudly,
which could not be transferred to the railway fares due to the preservation of the maximum
legal rates at their pre-war level, substantially reduced the returns of the railway companies

and further prevented them from reacting to the increasing traffic.>

Although the war bottlenecks were transient, the raillway chaos of those years
indicated that the concession regime’'s days were counted. After the war, the companies
proposals were always aimed at reducing the public control over their operation even more
and at obtaining increases in the maximum legal fares. Under that policy, they would have
been able to maintain a “looting” strategy until the end of the concession period. However,
the companies’ demands had to face widespread opposition. As early asin 1918, in the so-

called “National Railway Assembly”, representatives of numerous sectors of the Spanish

assumed by private investment in the transport sector and, therefore, should be associated with a high public
financial contribution. This, however, was excluded from the Spanish regulation model.
%32 Akerlof and Romer (1993), pp. 2 and 4. See also Eichengreen (1994), p. 28. A similar process has been
pointed out for the Italian railways before their nationalisation in 1905 by Fenoaltea (1983), pp. 53-54. In
fact, the companies' reliance on the ultimate public ownership of the lines can be traced back to the first
stages of the railway era; see Nadal Oller (1975), p. 46; Hernandez (1983), pp. 53 and 189, or Lopez-Morell
£1999), p. 684.

33 Seg, for instance, Cambd Batlle (1918-1922), Vol. 6, pp. 337-338, Anes Alvarez (1978), pp. 366-368, or
Mufioz Rubio and Vidal Olivares (2001), p. 92. Inflation was made worse by the improvement in the
workers' conditions that resulted from the intense labour conflicts of the period; see, for instance, Martinez
Vara (2001).
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economy supported the nationalisation of the railway system and, during the years 1918-

1923, governments made several |legislative proposals in the same direction. >34

Nevertheless, the insufficiency of public resources and, overal, the political
instability of those years, prevented the success of the nationalisation projects. And, in
1923, the parliamentary regime was replaced by a military dictatorship much more
sensitive to the desires of the railway companies and the heavy industry sectors, which
were financially linked to them since the Great War.>*® Nationalisation aims were therefore
abandoned and the government established instead a close institutional agreement between
the State and the majority of the Spanish railway companies (the Estatuto Ferroviario)
which contemplated, on the one hand, the possibility of increasing the maximum legal
rates and, on the other hand, the investment of public resources in the railway system, with

the aim of increasing its quality and capacity through rolling stock renewal, extension of
double track and electrification. 53¢

As could have been expected, the new regime was highly beneficial for the railway
companies, which could consolidate their short-term oriented strategy, based on the
payment of high returns to share capital, without meeting investment requirements.®®’ At
the same time, the flow of State’'s resources towards the railways guaranteed the continuity
of the system and, in addition, benefited a number of heavy industries which, as has been
indicated, had developed close links both with the political regime and with the railway

companies.

In fact, the Estatuto Ferroviario might be considered as a way to advance towards
nationalisation without affecting the companies strategy. Actually, under that regime, a
substantial part of the railway system became publicly owned. On the one hand, the
resources invested by the State in the railways were immediately considered as public

ownership. And, on the other hand, the establishment of the Estatuto Ferroviario was

534 Comin Comin et al (1998), VVol. 1, pp. 285-291.

3% The replacement of foreign by domestic agents in the share capital of the Spanish railway companies has
been stressed, for instance, in Vidal Olivares (1999b), pp. 634-641, and Mufioz Rubio and Vidal Olivares
(2001), p. 92.

%36 5ee Comin Comin et a (1998), Vol. 1, p. 297, Cordero and Menéndez (1978), pp. 301 and 318, Artola
(1978b), pp. 429-430, and Ortlfiez Goicolea (1999). Actually, from the establishment of the Estatuto
Ferroviarioin 1924, the State assumed, at least in theory, the responsibility for most railway investment; see
Tedde de Lorca (1978), p. 211.

37 See Iglesias (1981), pp. 158-159, Comin Comin et a (1998), Vol. 1, p. 298, Mufioz Rubio (1999), pp.
307-308, or Mufioz Rubio and Vidal Olivares (2001), p. 94. Apart from paying high dividends, the
companies endowed large accounting reserves which ended up benefiting shareholders after the Civil War;
see Benito (1935), pp. 74-85, Casares Alonso (1973), p. 233, and Tedde de Lorca (1978), pp. 203 and 222.
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complemented by the State's expropriation of some companies that were in a very critical
situation. >3 As a consequence, 41 per cent of the assets of the railway system were aready
in the State's hands in 1930.°%°

In the early 1930's, the end of the dictatorship and the establishment of a
democratic regime reduced governments sensitivity to the companies interests. As a
consequence, the resources invested by the State in the railway system substantialy
decreased, and nationalisation proposals returned to the parliamentary debates. However,
political instability seems to have been again an obstacle to the advance of those projects
during the years of Spain’s Second Republic (1931-1936) and, in fact, that falure led
governments of the period to authorise the increase in the maximum legal rates that had
been demanded by the companies for so long. >*° The nationalisation of the Spanish railway
system only arrived later on, in 1941, in the context of Francoist dictatorship’s extreme
economic nationalism. In the meantime, however, the short-term orientation of the
companies strategy, the increasing competition of the motor car and, overall, the serious

damages caused by the Civil War had made the companies survival totally impossible.>*

7.4 Conclusions

Chapter 6 and 7 of the thesis have been aimed at reviewing the hypothesis of the
failure of the Spanish railways. According to some historians, both the density of use and
the financial returns of the Spanish railways during the second half of the nineteenth
century were much lower that would have been expected, due to State policy mistakes.
This has often been considered as evidence of the low impact of railways on Spanish

economic growth.

Those hypotheses, however, have not been confirmed by this research. Firstly, as
was indicated in Chapter 6, the companies poor returns were not necessarily a sign of lack
of economic impact. In fact, the social benefits of the Spanish railway system seem to have

been positive and high from the beginning of the railway age. Secondly, the comparative

%38 The most important nationalisation episode before 1941 was the establishment of the public company
Oeste in 1927 by merging several companies that operated in Western Spain and were in a very precarious
financial situation. Those companies were joined by Andaluces in 1933; see Casares Alonso (1973), p. 167,
and Artola (1978b), pp. 431-432.

%39 |glesias (1981), p. 159.

340 See Comin Comin et al (1998), Vol. 1, pp. 308-316.

41 |glesias (1981), pp. 158-159; Mufioz Rubio and Vidal Olivares (2001), p. 95.
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analysis that has been carried out in Section 7.2 of this chapter, has not provided evidence
that the density of use of the lines or the companies financia returns were lower in Spain
than could have been expected. On the contrary, the degree of utilisation of the Spanish
railways seems to have been similar to that of other European countries when differences
in the level of development are allowed for. Similarly, the Spanish companies financial

results do not appear either to have been low in the European context.

Nevertheless, there is no doubt that the financial returns of the Spanish railway
companies, in spite of their respectable level in comparative terms, did not reach the
opportunity cost of the capital invested in the lines. Actualy, such a situation could be
observed in many European economies at the time. To some extent, it was related to the
public interest justification of some railway links, which resulted in the construction of
unprofitable lines. This, however, required the State’s involvement in the process, in order
to guarantee not only construction, but also the quality of the service provided, a moderate

level of fares and a sufficient rate of return on the private capital invested in the system.

Actually, it is here where the clearest evidence of failure may be found in the case
of the Spanish railway system. Public regulation succeeded in encouraging the construction
of an extensive network, but it was totally ineffective at guaranteeing service quality, alow
level of fares and returns on share capital. As some historians have aready pointed out, the
main reason for that situation seems to have been the financial poverty of the Spanish
State. Trying to minimise subsidies to the railway system, the public sector instead gave
companies great freedom in most aspects of railway construction and operation. As a
consequence, shareholders were expropriated of part of their capital by the companies
promoters and users could not benefit from an adequate transport service. In other words,
the shortcomings of the Spanish public sector were made up for by the “indirect taxation”
of railway shareholders and users.

However, it is difficult to imagine an alternative scenario, given the weakness of
the Spanish tax system. Actually, in spite of their relatively low level, railway subsidies
were one of the reasons for the collapse of the Spanish Treasury in the late 1860's and the
early 1870's. And, on the other hand, it does not make much sense to reproach the
government for not having been wiser since, as Fogel said, “the broader issues involved in

premature and mixed enterprises were still basically unexplored in the mid-1860's.” > In

%42 Fogel (1960), p. 24.
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fact, the failure of the system was probably a reflection of the low level of development of
the country and the presence of social and economic constraints, and it is unlikely that a

sounder regulation process could have overcome these structural problems.
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CONCLUSIONS

As has long been recognised by economists and economic historians, infrastructure
performs an essentia role in the process of economic growth. It provokes profound
changes in the cost structure of firms, both through direct reductions in the price of some
production factors and through the overall decrease in transport and distribution costs,
bringing about, as a result, substantial productivity increases in the economy. However,
even more important than those impacts is the subsequent ateration in the structure of
location incentives that they produce. Infrastructure substantially enhances the range of
firms location possibilities and, as a result, allows the spatial concentration of the activity,
and opens up the way towards the exploitation of scale, specialisation and agglomeration
economies. The remova of location constraints is particularly important during the first
stages of industrialisation, in which the growth of technologically advanced sectors and the
development of increasing returns to scale take place to a large extent through the

agglomeration of the activity in urban and industrial centres.

The key role of infrastructure in growth has led economic historians to pay it
considerable attention in the accounts of nineteenth and early twentieth century
industrialisation. Whereas the first analyses on the subject were highly concentrated on the
study of railways and focused particularly on their direct cost-saving effects, the scope of
research has gradualy been enlarged to encompass other kinds of infrastructure, and
increasing effort has been devoted to the study of the indirect long-term effects of
infrastructure on growth.

The evolution of the treatment of infrastructure in analyses of Spanish
industrialisation has been similar. Within infrastructure, railways have been the main
object of attention since the earliest research, and the debate on their role has been
dominated for a long time by Gémez Mendoza's direct cost-saving measurement efforts.
Actually, the conflict between the strong direct growth impact that he attributed to the
Spanish railways and the bad financial situation of the railway companies that had been
previously described by other historians gave rise to a historiographical paradox which has
remained unresolved. On the other hand, research on the growth impact of Spanish
railways has been accompanied in the last few years by some studies on other sectors of

infrastructure, and by a number of analyses that describe the effects of infrastructure
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increases on the economic evolution of some regions. However, generally speaking, those

investigations have not gone beyond the purely sectoral or regional perspective.

This dissertation has provided an approach to the long-term impact of infrastructure
on Spanish economic growth from an aggregate perspective, which has been absent from
the historiography so far. In addition, it has contributed to a better understanding of the
impact of railways on economic growth by offering a solution to the aforementioned
“paradox of Spanish railways’, i.e. the apparent contradiction between the widespread
pessimism on the growth impact of Spanish railways and the intense direct resource-saving
effect claimed by Goémez Mendoza.

Chapter 2 of the thesis presents a complete series of the net stock and gross
investment of Spanish infrastructure during the first long period of the country’s
industrialisation, from the 1840’ s until the Civil War of 1936-1939. According to that data,
during the nine decades before 1936, the country endowed itself with a complex stock of
infrastructure assets, whose value was, at that date, 36 times as large as in 1845. On
average, gross infrastructure investment amounted to 1.14 per cent of Spanish GDP, and
absorbed 14 per cent of the total resources invested in capital formation in the country
during that period.

Two digtinct periods in the evolution of infrastructure investment can be
distinguished. Firstly, the second haf of the nineteenth century was characterised by the
intense growth of the Spanish infrastructure endowment per unit of output, which may be
attributed to the congtruction of the railway network, since railways accounted, in that period,
for remarkably high shares of total infrastructure investment. The network economies of the
rallway system and the lack of feasible dternatives for long-distance transport in Spain led to
very intense building activity during the 1860's, 1880's and 1890's, which was suddenly
interrupted once the main railway network had been built. At that point, the low population
density of the country prevented an extensive development of secondary short-distance

railway lines.

In contrast, between the late 1890's and 1936, the stock of infrastructure per unit of
output stagnated. During that period railway investment was rather low, and infrastructure
increase was mainly associated with other elements, such as roads, electricity distribution
networks and hydraulic works. Those assets had much lower network economies than

railways and, as a consequence, their construction took place in a much more gradua
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fashion. This explains the stability of the endowment of infrastructure per unit of output
and the paralel reduction in the share of infrastructure in Spanish capital stock. The
situation only started to change in the fifteen years before the Civil War, when network
economies emerged again in the highway system, electricity distribution or
telecommunications. However, the war and post-war years thwarted the achievement of

those network economies until the second half of the twentieth century.

The geographical distribution pattern of Spanish infrastructure was rather constant
during the whole period under consideration. Broadly speaking, the best-endowed
provinces were always situated on the Northern and Eastern coastlines of the country and
in the strip of land between Cantabria and Madrid. Among those areas, the Basgue Country
clearly stood out during the whole period. In a context in which the Spanish endowment of
infrastructure was very low from a comparative point of view, the Basque provinces were
always close to the European average. On the contrary, at the other end of the scale, a
number of inner provinces in regions such as Aragon, Extremadura and Castile-La
Mancha, as well as the Canary Islands, had extremely low levels of endowment by any

standards.

To a large extent, that geographical distribution reflected the structural
characteristics of each region. Obviously, population density was the main determinant of
regiona infrastructure endowments. But this research has also shown that, when levels of
population density are accounted for, railways turn out to have been much better adapted to
the level of development of each area than roads. In addition, within the railway system,
broad gauge lines were more oriented to serve urban markets and showed a higher sengitivity
to the level of construction costs in each province, whereas narrow gauge railways could
spread throughout rural markets and areas with difficult terrain, thanks to their lower capita
costs. Unlike railways, the road network was much more oriented by politica than by
economic criteria, and tended to spread so as to serve the largest possible population. Only in
the case of local and provincia roads did each province's endowment also reflect to some

extent the level of development of the area.

By comparing its level of infrastructure endowment with other European countries,
this research has shown that Spain might have suffered from a situation of mild relative
infrastructure shortage during the whole period under study. To start with, in the case of

rallways the Spanish economy seems to have been well endowed for a short period, just
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after the first long wave of railway construction of 1855-1866. However, that advantage
seems to have been gradualy lost, and Spain ended up suffering from a smaller
endowment than other European peripheral countries with similar economic density. That
situation may aso be observed in the development of the secondary road network and, to
some extent, in the case of the telegraph system, where relatively adequate network density

levels were overcome by a very short number of points of access to the system.

That situation of relative shortage would be consistent with the existence of
bottlenecks in the economy and, therefore, infrastructure increases would be expected to
have had a positive impact on economic growth. In that context, a time-series analysis has
been carried out to identify the relationships between infrastructure and the main variables
of the economy during the period 1850-1935. As a result, it has been possible to observe
that infrastructure investment followed, with some lag, the behaviour of the Spanish output
variables. This indicates the presence of Wagner-Law dynamics in the Spanish economy.
On the contrary, no impact of infrastructure on production has been found. This result
would be in conflict with the expectation associated with the apparent Spanish
infrastructure shortage, and its most likely interpretation is that the impact of infrastructure
on the Spanish economy was too low and slow to be captured by standard time-series

analysis.

The reasons for the low level and lowness of the response of the economy could
have been diverse, ranging from the inadequate design, regulation or management of
infrastructure to the underdevelopment of the economy, which would have involved the
presence of several growth constraints and, as a consequence, a low capacity to adapt to
new situations. However, adequate understanding of the actual reasons for the slow
reaction of the Spanish economy is only possible if a more disaggregated approach is
adopted in the research. In this thesis, the very variety of assets that made up the Spanish
infrastructure has constrained the analysis to the main part of the stock, i.e. the railway
network. In addition, that closer look at the Spanish railway system has shed some light on
the so-called “paradox of Spanish railways’ that had been described by some historians.

The thesis has provided alternative estimates of the social saving of freight
transported by the Spanish railways, which are much lower than the previous Gémez
Mendoza figures. Under the most likely assumptions, socia saving estimates are reduced
from 7.5 to 2.5 per cent of GDP in 1878 and from around 20 to around 12 per cent of GDP
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in 1912. By adding in a rough estimate of the socia saving of passenger transport, those
figures grow to a maximum of 3.1 per cent in 1878 and 13.4 per cent in 1912. For the latter
year, these results would still be higher than the available figures for other European
economies. However, in the case of 1878 they are comparable to other countries
estimates. This would seem to be in conflict with the prominence of roads as opposed to
water transport in a Spanish counterfactual economy without railways, but may be
understood by taking into account the low importance of railway transport relative to
Spanish GDP in 1878, in comparison with other economies for which social saving

estimates are available.

A lower level of the socia saving estimates does not imply that the economic
impact of railways was unimportant. In fact, according to the new figures, the socia rate of
return of the Spanish railway system was already positive and substantial in 1878. By 1912
it would have reached a level much higher than in other European economies. However,
attaining that maximum potential impact took an extremely long time, which is consistent
with the results obtained in the econometric analysis of the growth impact of the whole
infrastructure. Actualy, apart from the low response capacity of the Spanish economy to
changes, the increase in the socia rate of return of the railway system would aso have
been prevented, between 1870 and 1900, by the incorporation to the system of lines with

very low potential impact but that were important from an equity point of view.

In spite of the evidence on the growth effects of Spanish railways, there are still
some reasons for pesssmism, which are associated with the enormous financial problems
that the Spanish railway companies suffered during their whole lifetime. The thesis has
shown, however, that the private returns of the Spanish railway companies were not
particularly low by European standards. They were, of course, lower than the opportunity
cost of the capital invested. But that situation must be understood in the context of the
State' s involvement in the system. The importance of railways for the country, not only on
economic but also on socia and political grounds, led the Spanish State to encourage their
construction up to a level at which they could by no means be profitable. This happened
especialy in the case of those peripheral lines that were opened after the first wave of
rallway construction, which carried much less traffic than the “core’ lines that were
constructed before 1870.
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Conclusions

Nevertheless, that situation was not exclusive to Spain. On the contrary, most
countries developed measures to stimulate the extension of raillways to their whole
territory. These were usually accompanied by the regulation of the system in order to
guarantee both the standards of the service and returns on private capital. The Spanish
State, however, appears to have been particularly unable to develop such regulation.
Apparently because of its low fiscal capacity, the State ended up obtaining the necessary
resources for the construction and operation of the railway system from the “indirect

taxation” of railways users and shareholders.

In summary, the analysis of the relationships between infrastructure and economic
growth in Spain has shown the difficulties of a peripheral country in taking full advantage
of infrastructure investment and in achieving adequate regulation of both infrastructure
construction and operation. Although infrastructure capital formation was an essential
component of the country’s industrialisation process before the Civil War, Spain suffered
greater difficulties than the core European countries in adapting to new situations, due to

the presence of different constraints in its economy and institutions.
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