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Why Isn’t the Whole of Spain
Industrialized? New Economic Geography
and Early Industrialization, 1797-1910

JOAN R. ROSES

Spain provides an opportunity to study the causes of regional differences in industrial
development over the nineteenth century. As transportation costs decreased and
barriers to domestic trade were eliminated, Spanish manufacturing became increas-
ingly concentrated in a few regions. This article combines Heckscher-Ohlin and eco-
nomic-geography frameworks and finds that comparative-advantage and increasing-
return effects were economically very significant and practically explained all
differences in industrialization levels across regions. The deficits of some regions in
terms of industrialization appear to have been largely attributable to their factor
endowments and the absence of home-market effects for modern industries.

conomic historians have long been concerned with why within countries

there has been regional variation in industrial development and why
certain regions and countries have industrialized earlier than others. A sub-
stantial part of the literature on this topic has suggested important links
between variations in industrialization levels and the conditions of local
agricultural production. Particularly, scholars have stressed the relationship
between the regional differences in the supply of labor for manufacturing
and disparities in the size of landholding, in the types of crops, in the pro-
ductivity of females and children in relation to that of adult males, in the
availability of landless workers, and in the seasonality of labor requirements
in agriculture.' A second strand of the literature has argued for a strong link
between the previous accumulation of human capital and the spread of in-
dustrialization across regions and countries.” For example, Carlo Cipolla,
after reviewing the evidence on literacy rates, concluded, “more literate
countries were the first to import the Industrial Revolution.” A third group
of researchers has maintained that the regional character of early industrial-

The Journal of Economic History, Vol. 63, No. 4 (December 2003). © The Economic History
Association. All rights reserved. ISSN 0022-0507.

Joan R. Rosés is Associate Professor, Department of Economic History and Instituto Laureano
Figuerola, Universidad Carlos III de Madrid, C/ Madrid 126, 28903 Getafe, Madrid, Spain; and
Department of Economics, Universitat Pompeu Fabra, Barcelona. E-mail: jroses@clio.uc3m.es.

I have benefited from the comments of Stefano Battilossi, Klaus Demset, Stefan Houpt, Leandro
Prados de la Escosura, Teresa Sanchis, James Simpson, seminar participants at Universidad Carlos III,
Universidad Complutense, Fourth World Cliometrics Conference held in Montreal, two anonymous
referees, and the editors of this JOURNAL. I gratefully acknowledge the generous permission of Profes-
sor Juan Carmona to allow me to draw on our unpublished joint work on Spanish land and housing
prices for this article. The Spanish Ministry of Education (Grant SEC 2002-01595) supports this
research. The usual disclaimer applies.

! See, among others, Goldin and Sokoloff, “Industrialization”; Mendels, “Proto-Industrialization”;
Mokyr “Industrial Revolution”; and Sokoloff and Tchakerian “Manufacturing.”
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* Cipolla, Literacy, p. 69.
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ization was the direct consequence of the uneven distribution of several
important natural resources.’ They have postulated that the abundance of
water, timber, and mineral deposits such as iron, copper, and coal, all bulky
and expensive to transport, was particularly important in promoting the
geographical concentration of industry. Others have tended to highlight how
local culture and institutions influenced the different paths of manufacturing
development. Among these, Gregory Clark has pointed out that workers in
poor countries may have been inherently less efficient than their counter-
parts in rich countries due to local environmental and cultural forces.” Along
similar lines, Brian A’Hearn has explained the failure of the Italian South to
industrialize in terms of cultural forces and institutions. He argued, “(the
Italian South’s) efforts to mobilize local capital in support of industry were
undermined by a lack of trust and an inability to cooperate.”® More recently,
a new generation of economic historians has proposed explanations based
on trade theory. Sukkoo Kim, for example, has found that the neoclassical
Heckscher-Ohlin model of trade and production economies of scale explains
long-run trends in U.S. industrial regional structures.’

Spain provides an opportunity to contrast the different explanations for
regional divergences in industrial development during the early phases of
industrialization.® Over the nineteenth century price gaps among Spanish
regions declined as transportation and information costs fell and institutional
barriers to domestic trade were eliminated. This progressive integration of
the home market led to major changes in the location of economic activities.
Spanish industrial production was increasingly concentrated in two regions
in the northeast, Catalonia and the Basque Country, while the center and
northwestregions de-industrialized progressively. These two industrializing
regions, with roughly one-sixth of total Spanish labor force, dramatically
expanded their share in manufacturing employment from 17 percent in
1797, to 22 percent in 1860, and 33 percent in 1910.° Remarkably, a large
part of this increasing concentration of manufacturing employment can be
explained by the location of the more modern and sophisticated industries.
Thus, by the early twentieth century (1910) Catalonia and the Basque Coun-
try accounted for over 61 per cent of total employment in metallurgy, engi-
neering, chemicals, and textiles.

Major changes in the distribution of income across Spain’s regions went
hand in hand with the process of market integration and manufacturing
concentration. They were primarily driven by both an income boom in the

* See, among others, Hoover, Location; Isard, Methods; and Pounds, Historical Geography.

* Clark “Why Isn’t the Whole World.”

® A’Hearn, “Institutions,” p. 756.

7 Kim, “Expansion.”

¥ Note that regional histories of Spain and Italy have close parallels but today’s regional differences
in per capita income are less pronounced in Spain than in Italy (see, for example, on the Italian experi-
ence A’Hearn, “Institutions”; and Zamagni, Economic History).

° The data are from the Spain’s Population Censuses.
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two most industrialized regions, Catalonia and the Basque Country, and an
income slump in Andalucia and Extremadura. Catalonia exceeded average
Spanish income per capita by 2 percent in 1800, by 24 percent in 1860, and
by 87 percent in 1930. Even more remarkable was the evolution of the
Basque Country. Starting off from relatively lower levels of income per
capita, about 26 percent below national average, it reached a peak of about
46 percent above national average by 1930. In a sharp contrast, the income
leadership of Andalucia in 1800 (43 percent above national average) van-
ished rapidly during the period. By 1930 its GDP per capita dropped to 77
percent of national average income per capita.'’

Spanish historians are well aware of the importance of these regional
differences in industrialization and income patterns. As a result, there has
been considerable empirical work on this topic, although this consisted of
region-based studies rather than overall interpretations of the process."
Explanations on the industrial success or failure of particular regions have
been proposed based on social attitudes, geography, natural endowments,
culture, entrepreneurship, tariffs, demography, transportation infrastructure,
income distribution, capital scarcity, education, and agrarian institutions.
Each of these regional histories provides a structured point of view on the
issue, and so an interesting perspective of the determinants of industrializa-
tion. Yet, in my view, these studies suffer three major shortcomings. First,
they generally adhered to the idea that a regional agricultural revolution
should come before any successful regional industrialization and that agri-
culture should contribute considerably to industrial development. However,
as David Ringrose has previously shown, agriculture in many parts of Spain
experienced an extraordinary variety of advances in the direction of intensi-
fication, mixed farming and specialization but these changes did not imply
industrialization.'” Second, regional economies are commonly seen as closed
economies and, in consequence, the forces of market integration are not
taken into account to explain their industrialization success (or failure)."
Third, many regional histories assumed, implicitly or explicitly, that each
region and each industrial sector had an independent history that could not
be simplified by application of economic theory. One consequence is to
think that it is impracticable to contrast all potentially relevant hypotheses
in a single critical test.

' Estimates of per capita regional GDP came from Alvarez Llano, “Estructura econémicaregional.”

' A good example of this point of view are the collection of regional histories collected in Nadal and
Carreras, Pautas; and German et al., Historia.

12 Ringrose, Spanish Miracle. See, on these advances and their regional distribution, Simpson,
Spanish Agriculture.

13 A notable exception to this rule is Gémez Mendoza’s (“De la harina”) explanation for the de-
industrialization of Northern Castile. Thus, according to this economic historian, given the geographic
and climatic conditions and the technology available in the nineteenth century, extensive dry farming
was the most efficient type of cultivation in Castile. Under the influence of rapid integration within the

new trade circuits created by the improvement in transportation and communications, the region’s
comparative advantage increasingly lay with cereals, especially wheat, abandoning manufacturing.
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My contribution in this article is to provide a straightforward economic
explanation for the differences in industrialization levels across Spanish
provinces, and hence regions, in the nineteenth century. This new account
explains not only the basic trends in manufacturing location but also is in
harmony with other major characteristics of the nineteenth-century Spanish
economy such as increasing divergence of income per capita across regions
and economic integration characterized by greater mobility of commodities
relative to that of factors. More specifically, following the seminal ideas of
Paul Krugman and the recent works of Donald Davis and David Weinstein,*
this article employs a model that combines the Hecksher-Ohlin (HO) frame-
work with a simple model of economic geography to account for the spatial
distribution of Spain’s manufacturing.

THE INTEGRATION OF SPANISH MARKETS

Spanish historians agree that Spanish regions went from a set of relatively
independent regional economies to an integrated national economy in the
course of the nineteenth century but disagree on the exact timing and the
causes of this process of market integration.'” On the one hand, Nicolas
Sanchez-Albornoz points out that the Spanish home market was integrated
during the second half of this century when the national transportation and
communications system strengthened as railway networks were completed
and telegraph mileage increased exponentially.'® Similarly, Antonio Gémez
Mendoza insists that with the expansion of railways unit transportation costs
fell, permitting a widening of the market, growth in urbanization, and an
increase in agricultural specialization.'” In consequence, these historians
conclude that the railway network played a major role in creating a truly
national market. On the other hand, more recently, Rafael Barquin has ar-
gued that the Spanish regions were integrated into a national market for
basic foodstuffs by the 1850s, and that a large part of price convergence
took place before 1850; that is, few years before the completion of Spain’s
railways network.'® From his point of view, the liberal reforms of the first

'* See Davis and Weinstein “Market Access” and “Economic Geography”; and Davis, Weinstein,
Bradford, and Shimpo “Factor Abundance Theory.” For theoretical justification of a model linking
Heckscher-Ohlin and increasing returns frameworks see Krugman, “Increasing Returns,” pp. 1245-51.

'S Note that the regional interdependence of the local prices of commodities was not a nineteenth-
century novelty as some market integration existed during the eighteenth century. See, for example,
Hamilton, War; Reher, “Mercados”; and Ringrose, Spanish Miracle.

'® Sanchez-Albornoz, Precios agricolas and Pefia and Sanchez-Albornoz, Dependencia dindmica.

7 Gémez Mendoza, Ferrocarriles.

'8 Barquin, “Precio”’; Martinez Vara, “Mercado”’; and Simpson, Spanish Agriculture, pp. 87-90. The
technical superiority of Barquin’s and Martinez Vara’s calculations over Sanchez-Albornoz’s is evident
because they employ the most recent econometric models and techniques, which were not available
by the late 1970s when Sanchez-Albornoz developed his studies. However, Barquin’s studies suffer
from a problem of sample bias given that he only includes data for one southern town. Consequently,

it is certainly hard to choose which of these two interpretations of the process of market integration is
more credible.
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half of the century laid a firm political foundation for the economic integra-
tion of Spain by eliminating tariffs and local restrictions on domestic trade
and by ensuring free mobility of labor and capital."® This institutional prog-
ress was also accompanied by major improvements in transportation and
communication systems that largely lowered transportation costs. Paved
roads increased from 2,000 kilometers to 19,815 kilometers between 1800
and 1868, which changed Spain’s transportation system from being based
on pack animals to one using carts, and coastal shipping experienced major
advances through the construction of ports and the development of regular
shipping lines.*

An examination of regional convergence in short-term interest rates of
commercial paper suggests that the integration of capital markets seems to
have been accomplished by the latter half of the nineteenth century. More
specifically, commercial paper shows rapid convergence in prices across
regions after 1850.%! It is not difficult to attribute this decline in interregional
short-term interest rate differentials to developments in Spain’s telegraph
network, and profound changes in its financial system.** The first telegraph
lines were established in 1855 and developed rapidly during the following
decades connecting all Spanish cities but, in comparative terms, the density
of the network was low and telegrams were expensive.” From the early
1840s onwards, the Spanish banking system experienced notable progress
but did not quite resemble today’s structure because commercial banks had
no branches nationwide. For the first time, in 1842, a new legal framework
allowed the establishment of private banks organized as limited liability
corporations. They were also granted the right of issuing banknotes that
were legal tender in the same town where they had been issued but not
accepted elsewhere. Consequently, the transference of capital across the
main financial centers was based on a system of bills-of-exchange and a
network of local-based merchant-bankers. For this reason, up to 1884, short-
term interest rates varied from one city to another. However, political re-
forms dramatically altered this state of affairs. In 1874 the Banco de Espafia
became the sole issuing bank. Eleven years later, by 1885, the Banco de
Espafia established the first nationwide branch network allowing movements
of capital across towns at constant and cheap rates and, hence, integrating
the national capital market.*

1 On these liberal reforms see Tedde de Lorca, “Cambio Institucional”; and Simpson, Spanish
Agriculture, pp. 84-87. However, this liberalization of the home market was not accompanied by a
simultaneous liberalization of foreign imports because the Spanish government used tariffs to cushion
the impact of foreign competition over the nineteenth century.

? On roads, see Madrazo, Sistema, pp. 163—79. On shipping, see Frax, Comercio de Cabotaje.

2! Castafieda and Tafunell, “Las letras de cambio.”

22 O’Rourke and Williamson (Globalization, pp. 219—23) note that these were the main causes of the
integration of international, and national, capital markets during the late nineteenth century.

3 Calvo, “Las telecomunicaciones.”

24 Castafieda and Tafunell, “Las letras de cambio.”
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In spite of the difficulty of measuring them, one can be sure that migra-
tions had little importance, except in Catalonia, in the first half of the nine-
teenth century.” Instead, regional migrations rose appreciably during the
second half of the century showing a trend similar to that of other countries
in Southern Europe. The most important component of these migration
patterns was the exodus from the countryside. Rural migration was often
seasonal or to the nearest town, often a first step towards larger towns and
the industrial areas. In consequence, urbanization rates increased apprecia-
bly and some cities and regions grew rapidly. Even so, the number of Span-
iards residing outside their province of origin was relatively small, about 9.3
percent by 1910, especially compared to the stock of foreign emigrants
residing in the new settlement countries at that time.*®

However, analyses of the pattern and extent of migration flows shed little
light on the issue of integration. Markets could be perfectly integrated but
exhibit scant movements of labor or they could exhibit high rates of move-
ments but be in fact poorly integrated. The explanation of such a paradox is
straightforward. When two labor markets are integrated real wage differentials
are so small that they do not cover the costs of moving from one region to
another. Instead, two poorly integrated labor markets exhibit such huge wage
differentials that possible wage gains covered moving costs. Consequently, a
more efficient measure of integration is wage differentials. Price gaps and
price dispersion should decline whereas price correlation between markets
should increase as market integration progresses in factor markets in the same
way as we observe in commodity markets. Applying this principle, a simple
and widely used measure of market integration is the unweighted coefficient
of variation of wages across regions.”” Table 1 provides evidence.

These coefficients of variation of agrarian wages show a significant
downward trend exhibiting the typical behavior of convergence processes
resulting from market integration. Similar trends are also observed for un-
skilled urban and industrial workers’ wages from 1850 to 1914. We also
observe a declining wage gap between urban and rural wages between 1860
and 1914 and find that Spanish wage gaps were smaller than urban-rural
wage gaps of other countries such as France, the United States, and Britain.*®
Obviously, all evidence seems to indicate that the Spanish labor market
became increasingly integrated in the second half of the century.”

» Pérez Moreda, “Demographic Modernization,” pp. 33-34.

%6 For Spaniards in 1910, see Silvestre, “Las migraciones,” pp. 3—4. By 1910 emigrants were about 22.5
percent of the actual population of the New World (O’Rourke and Williamson, Globalization, table 8.1).

" The unweighted coefficient of variation in a particular year is the standard deviation of wages
divided by the mean.

% Rosés and Sanchez-Alonso, “Regional Wage Convergence,” table 5.

% Note that this conclusion represents a departure from the previous literature. The few historians
who have previously examined the Spanish labor market before 1914 were generally struck by its
apparent poor performance. These studies leave the strong notion that, even if there was some migra-

tion, opportunities for arbitrage were not fully exploited (see, for example, Mikelarena “Los
movimientos migratorios”; and Simpson “Real Wages”).
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TABLE 1
AGRARIAN NOMINAL AND REAL WAGE DISPERSION, 1833-1914
(unweighted coefficient of variation of wages)

N 1833 1849 1887 1910 1914
Nominal wages 36 0.341 0.255 0.207 0.174 0.165
Real Wages 48 0.247 0.209 0.168 0.177

Notes: Twelve observations for the period 1849 to 1914 had been eliminated from the sample in order
to allow comparisons with the smaller sample for 1833. However, it should be noted that all Spanish
regions are correctly represented in this sample of 36 provinces.

Sources: The source of nominal wage data is Bringas, La productividad, table A 4. The source of real
wages is Rosés and Sanchez-Alonso, “Regional Wage Convergence,” table 3, which, in turn, is based
on the nominal wages collected by Bringas.

Thus we find that in the prerailway age, the signs of the emergence of a
national transportation system were clearly visible as roads and coastal
shipping connected regions. Even so, evidence also seems to indicate that
transportation costs declined sharply during the first half of the nineteenth
century but there is still doubt as to whether the integration of commodity
markets was completed before or after railways. Moreover, data show factor
markets integrating later than commodity markets during the second half of
the century. According to this, one may confidentially assume that the
movements of capital and labor across Spanish regions and provinces were
by far less important than the movements of goods.

MANUFACTURING LOCATION AND CONCENTRATION

This section examines changes in manufacturing location and concentra-
tion simultaneous to the progressive integration of Spanish commodities and
factor markets during the nineteenth century. First, it shows that manufactur-
ing location varied across regions during this period. Second, it documents
how divergent location trends are mainly caused by changes in the location
of modern industries. Third, it also establishes that traditional and modern
industries had different concentration levels.

The regional distribution of manufacturing employment varied consider-
ably from the end of the eighteenth century to the early twentieth century.
As shown in Table 2, Catalonia and the Basque Country doubled their par-
ticipation in overall figures. Particularly, the share of Catalonia in manufac-
turing employment increased from 12 percent in 1797 to about 17 percent
in 1860 and over 25 percent in 1910. By contrast, other regions such as
Northern Castile and Aragdn lost ground remarkably, halving their shares.
Andalusia, the most populated region, lost its industrial leadership but re-
tained an important share (about one-fifth) of national manufacturing em-
ployment. Finally, other regions such as the Mediterranean, the Northwest,
and Southern Castile maintained, with small changes, their relative partici-
pation in overall figures.
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TABLE 2
THE REGIONAL DISTRIBUTION OF MANUFACTURING EMPLOYMENT
(percentage relative to Spanish totals)

1797 1860 1900 1910
Andalucia 20.04 20.96 17.7 17.98
Aragbén 6.45 3.92 4.28 3.39
Catalonia 12.39 17.16 24.11 25.2
Northern Castile 16.09 12.44 9.15 8.37
Southern Castile 16.51 14.98 14.07 13.65
Mediterranean 16.52 15.14 14.32 15.63
Basque Country 4.9 5.33 7.8 7.53
Northwest 7.11 10.05 8.58 8.25

Notes: Spain was divided in eight macro-regions by similarity of characteristics (the so-called homoge-
neity principle). The resulting macro-regions are Andalusia, Aragon, Basque Country, Northern
Castile, Southern Castile, Catalonia, Mediterranean and Northwest. The provinces of Almeria, Cadiz,
Coérdoba, Granada, Jaén, Huelva, Malaga, and Sevilla compose Andalusia. The provinces of Huesca,
Teruel, and Zaragoza compose Aragén. Alava, Guipuzcoa, Navarra and Vizcaya compose the Basque
Country. The provinces of Barcelona, Gerona, Lerida and Tarragona compose Catalonia. The provinces
of Avila, Burgos, Ledn, Logrofio, Palencia, Salamanca, Santander, Segovia, Soria, Valladolid, and
Zamora compose Northern Castile. The provinces of Badajoz, Caceres, Ciudad Real, Cuenca, Guadala-
jara, Madrid, and Toledo compose Southern Castile. The provinces of Albacete, Alicante, Baleares,
Castellon, Murcia, and Valencia compose the Mediterranean region. Finally, Corufia, Lugo, Orense,
Oviedo, and Pontevedra compose the Northwest region. The Canary Islands and the North African
Towns (Ceuta and Melilla) were excluded from the calculations.

Sources: Calculations are based on data from the Population Census for respective years. Note that
part-time employment is not recorded in Spanish censuses and female employment is likely to be
understated. The 1797 census provides incomplete data for the province of Vizcaya so the data have
been completed using weights from adjacent provinces.

In accordance with the manufacturing location trends observed in Table 2,
the nineteenth century can be divided into two periods: the first half (up to
1860) and the second half (from 1860 to 1910). During the first half of the
century, only Catalonia and the Northwest region significantly increased
their shares and Aragdn and Northern Castile fell behind appreciably. In the
second half, Catalonia continued with its expansion but the Basque Country
witnessed a rapid increase in its figures. At the same time, the industrial
progress of the Northwest regressed and the de-industrialization of Northern
Castile intensified. Finally, Andalucia, Aragoén, and Southern Castile lost
ground slightly whereas the Mediterranean region maintained its share in
national totals.

A satisfactory description of changes in manufacturing location must in-
clude consideration of the different evolution of traditional and modern indus-
tries.*® For each of the eight macro-regions, Table 3 not only reports growth
rates of manufacturing employment from 1797 to 1910 but differentiates
growth rates for both modern and traditional industries. It also presents the
percentage deviation of these growth rates from overall Spanish growth rates.

3 Chemicals, textiles, metallurgy, and engineering compose the modern industry whereas the rest
of manufacturing forms the traditional sector. Although it would be desirable to also include other

small industries, such as paper and flour mills, in the modern category, there are no data on regional
employment in these industries.
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TABLE 3
THE CHANGING REGIONAL DISTRIBUTION OF MODERN AND TRADITIONAL
MANUFACTURING EMPLOYMENT, 1797-1910

Yearly Growth Rates Deviations
(percentage) (percentage)
All Traditional =~ Modern All Traditional Modern
Andalusia 0.36 0.63 -0.45 -29.49 13.31 —203.48
Aragoén -0.13 0.22 —-0.81 -125.94 —61.18 —286.7
Catalonia 1.27 0.84 1.84 146.96 52.14 325.48
Northern Castile -0.07 0.12 —-0.52 -113.09 -78.74 —219.96
Southern Castile 0.27 0.55 -0.59 -47.11 -0.53 -237.3
Mediterranean 0.46 0.71 -0.03 -9.85 28.13 -106.19
Basque Country 0.9 0.54 1.75 75.5 -1.93 305.6
Northwest 0.47 0.38 1.14 -8.01 -32 162.93
Overall 0.51 0.55 0.43

Notes and sources: See Table 2. The deviations of » regions are computed according to the following
equation: (n” region’s employment growth rates — Spanish employment growth rates) * 100 / Spanish
employment growth rates.

Table 3 reveals that employment growth rates varied widely across re-
gions and traditional and modern industries. In all regions, employment in
traditional industries grew from 1797 to 1910 whereas, in sharp contrast, the
employment in the modern ones only increased in Catalonia, the Basque
Country, and the Northwest. Likewise, the largest deviations from the Span-
ish average were in the modern industries with extraordinary differences
between the two most industrialized regions (Catalonia and the Basque
Country) and the rest. Therefore, the evolution of the traditional industries
does not contribute much to our understanding of the differences in manu-
facturing employment growth rates whereas the contrary holds for the dy-
namics of modern industries. That is, the changes in the regional distribution
of the manufacturing employment can be mainly attributed to changes in the
sphere of modern industries.

It seems plausible to suppose that there was also a modification of the
level of geographic concentration associated to this dramatic change in the
location of industries. A simple and common way of finding changes in
geographic concentration of industries is to estimate Hoover’s coefficients
of localization.®' This is similar to the Gini coefficient and, hence, it should
be interpreted similarly. If the coefficient is equal to zero, the industry is

* To compute Hoover’s coefficient first estimate the following location quotient (LOy)

Ll.j L j

Loy =1 1.

iSp Sp
where L is employment in industry i, for province j, L is the total industrial employment for province
J»and Ly, is employment in industry 7, and Lg, is total employment in Spain. Then place the provinces
in decreasing order by their location quotients, and compute the cumulative percentage of employment
in industry i over the provinces (y-axis). Finally, compute the cumulative percentage of employment
in total manufacturing over the regions (x-axis).
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TABLE 4
HOOVER’S COEFFICIENT OF LOCALIZATION IN MANUFACTURING, 1797-1910
1797 1860 1910
Textiles 0.34 0.638 0.596
Cotton 0.343 0.733
Wool 0.445 0.582
Silk 0.486 0.711
Leather 0.255 0.328
Wood and furniture 0.246 0.264
Metal industry 0.155 0.268
Stone, clay and glass 0.277 0.291
Chemicals 0.503 0.43 0.502
Food 0.296 0.176
Liquors 0.431 0.505
Apparel 0.239 0.167
Miscellaneous 0.264 0.302
Paper 0.545 0.549
Unweighted average 0.286 n.a. 0.322
Weighted average 0.276 n.a. 0.283

Notes: Hoover’s index is computed using 27 pseudo-provinces. This number of provinces is a
consequence of the modification of Spanish provinces in 1833. For example, in 1797 Catalonia was
composed by one province whereas in 1833 it was divided into four provinces (Barcelona, Gerona,
Lérida, and Tarragona). Therefore, to allow comparison between censuses these four provinces have
been aggregate into one. The resulting provinces are Madrid, the Basque Country, Aragoén, Asturias,
Avila, Burgos, Catalonia, Cérdoba, Cuenca, Extremadura, Galicia, Granada, Guadalajara, Jaén, Leon,
Ciudad Real, Murcia, Palencia, Salamanca, Segovia, Seville, Soria, Toledo, Valencia, Valladolid,
Zamora, and Baleares.

Sources: Data for 1797 and 1910 indices are drawn from the census of population for the respective
years and the data for 1861 are drawn from Gimenez Guited, Guia Fabril.

completely dispersed across the regions. If it is equal to one, the industry is
completely localized in one region. In this case, Hoover’s coefficients are
calculated using employment for nine pseudo-two digit manufacturing sec-
tors and three benchmark years (1797, 1860, and 1910).%

The unweighted and weighted averages of Hoover’s coefficient indicate
that manufacturing became slightly more concentrated during the nineteenth
century (see Table 4). An important element in this trend was a pair of in-
dustries (apparel and food) that became relatively more regionally dispersed
and important in terms of employment over time. Therefore, the aggregate
coefficient hides the notable tendency towards the concentration of several
industries. Specifically, textile, metal, miscellaneous, and leather industries
became more regionally localized throughout the entire period. Instead,
other industries, such as chemicals, stone, clay and glass, and wood and

32 The Spanish data are less detailed than today’s two-digit SIC data. Nowadays, 20 categories
comprise manufacturing standard two-digit SIC data whereas Spanish data only furnish information
up to nine categories. Obviously, this data limitation reduces the amount of observed manufacturing
concentration. Ellison and Glaeser (“Dartboard Approach,” table 5) showed that raw geographic
concentration of industry doubled as one moves to finer industry definitions (for example from two-
digit to three-digit SIC definition; that is, doubling the number of categories). Consequently, one can
confidentially predict that the “real” Hoover’s coefficient at two-digit SIC is about one-and-a-half times
or twice as big as the observed.
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furniture, exhibited little change in location during this period. Note that the
two leading sectors of industrialization (metal and textiles) were among
those industries increasing their concentration levels. In the case of textiles,
concentration appears to have been especially strong between 1797 and
1860 during the early phases of the transition from cottage to factory pro-
duction, and the early phases of market integration.

EXPLAINING REGIONAL SPECIALIZATION

As a large literature has emphasized, regional specialization may arise
as regions make use of their comparative advantage, benefit from increas-
ing returns in production, or both. We can illustrate this by assuming that,
under autarky, each region produces all the goods that it consumes, the
location of industries is stable and the level of industrial concentration is
low. When trade costs decrease and product markets tend to integrate, the
HO model predicts that regional specialization will arise as regions produce
and export products that are relatively intensive in their abundant re-
source.” Consequently, it holds that specialization occurs to take advantage
of intrinsic diversity.** In other words, regions differ in their factor endow-
ments and these differences establish comparative advantages, interregional
trade, and, hence, regional specialization. Regions with a small population
and an abundant supply of land will produce goods that require large areas
of land but are not intensive in labor. On the other hand, regions well en-
dowed with labor but relatively scarce in land will specialize in manufac-
tured goods that are intensive in labor. Exports from one region to the other
will be largely based on goods that are intensive in those factors of produc-
tion with which they are abundantly endowed and the prices of which are
therefore low.”

The new economic geography has introduced an increasing-returns (IRS)
model that concludes that industrial concentration arises to take advantage
of scale and variety gains from specialization.’® Consequently, it conjectures
that regional specialization will take place if external economies are substan-

33 See Flam and Flanders, Heckscher-Ohlin, for a presentation of the theory. See also O’Rourke and
Williamson, Globalization, for an application of the HO framework to history.

1t should also be noted that the HO model predicts convergence in per capita income across
regions that, unfortunately, does not conform to Spanish history during the nineteenth century. This
result is motivated by the factor-price-equalization (FPE) theorem, a core result of the HO model. This
theorem states that in equilibrium, given a variety of restrictive assumptions, factor prices will be equal
across regions. Clearly such perfect outcomes are not observed in the real world but trade economists
generally accept a looser version of this theorem, arguing that commodity-price convergence induces
factor-price and real-income convergence. See, for example, Leamer “Heckscher-Ohlin Model.”

%% Flam and Flanders, Heckscher-Ohlin, p. 90.

% See, for example, Krugman, “Scale Economies,” Geography, and “Increasing Returns”; Krugman
and Venables, “Globalization”; and Fujita, Krugman, and Venables, Spatial Economy. Moreover, the
IRS model appears to reconcile with Spanish history during the nineteenth century because it predicts
manufacturing concentration and income divergence with market openness.
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tial or if economies of scale determine that only a few large plants can sat-
isfy total demand more efficiently. Moreover, as Paul Krugman indicates,
in this situation the size of local (idiosyncratic) demand is what decides the
location of the industries producing differentiated goods.”” There are two
major explanations why local demand turns out to be important for industrial
location. One is directly related to the pure effect of market size. Due to
economies of scale, each differentiated good is produced in only one place,
and put on the market in both. If the cost of production is equal on both
sites, then the deciding factor in localization is transportation costs because,
obviously, total transportation costs are lower if production takes place in
the region with the larger market.*® A straightforward extension of this is
that, with market integration, small countries or regions will lose a large part
of their industry.* The second explanation points out that location advantage
based on market size may arise if there are sufficiently strong backward and
forward linkages (externalities), which in turn generate increasing returns
in the production of intermediate inputs.”’ Alfred Marshall was the first to
introduce the concept of external economies and also identified up to three
different reasons why the co-location of industries might generate externali-
ties. First, a geographically concentrated industry could maintain a large
group of specialized local suppliers of inputs saving transportation and
transaction costs. Second, it could also generate more efficient labor markets
because specialized workers in a certain industry would be less likely to
remain unemployed when there were a large set of plants of the same indus-
try co-located. Likewise, firms would be more likely to find specialized
labor when they needed it. This promotes skilled labor. Finally, the proxim-
ity of firms would make the spread of information and, hence, the rapid
diffusion of technology and innovations easy.*'

Roughly, a simple version of IRS model operates as follows. When trans-
portation costs are high, there is little interregional trade and regional spe-
cialization. In other words, manufacturing establishments are not concen-
trated as all regions consume and produce all variety of goods. Local wages
depend mainly on the size of the regional workforce and will decrease when
the number of workers in the region increases. When transportation costs

%" Instead, in a situation with zero transportation costs and identical and homothetical tastes, and
hence decreasing returns, strong domestic demand for a good will tend to make it an import rather than
an export (Krugman, “Scale Economies,” p. 955).

*% Inversely, if transportation costs are high or if the markets of both regions are the same size, full
concentration of the increasing-returns industry in the larger region will no longer take place. See
Helpman and Krugman, Foreign Trade, for a powerful development of this theory and, also, Davis
“Home Market,” for a severe criticism on its assumptions.

* This is the so-called Linder hypothesis (see Linder, Trade).

* Krugman and Venables, “Globalization.”

I There is a large literature on this issue. See, among others, Marshall, Principles; Pred, Spatial
Dynamics; and Henderson, Urban Development.
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decrease, interregional trade increases.*” The typical firm sells extensively
in all markets but it preferably establishes itself in the region with larger
markets, so it can serve a large local market at low transportation cost. Man-
ufacturing plants concentrate in the regions with higher demand, while all
other regions suffer de-industrialization.” Consequently, a regional division
of labor spontaneously arises through a process of uneven development.

Recently, Donald Davis and David Weinstein have explored the power of
HO and IRS models to account for the location of manufacturing production
in a series of papers.* It is one of the characteristics of their work that they
use a framework that nests an IRS model within an HO model. So they have
build a straightforward model in which specialization in industries is driven
by factor endowments and increasing returns lead to intra-industry special-
ization, that is, determine the output of goods within industries.*’ In other
words, the endowments (HO model) determine the broad industrial structure
by regions (e.g., if it produces textiles or machinery), but they tell us nothing
about the composition of production across the goods within an industry
(e.g., if it produce cotton or wool textiles), which is decided by IRS forces.
To identify the presence of these IRS effects, they performed an economet-
ric test based on a simple insight derived from the seminal ideas of Paul
Krugman: in a world of comparative advantage, unusually strong demand
for a good will tend to make it an import, ceteris paribus, whereas in a world
of economic geography, this will tend to make it an export. More formally,
according to their framework, the output, X, of the good g in industry » in
region (province) p is given by*®

XV = oy + Q7 V" + B IdiosyncraticDemand )} + € (D

* Note that in HO and IRS models the force driving regional specialization is a reduction in trade
costs (see, for example, Krugman and Venables, “Globalization), whereas the integration of markets
is not a necessary condition for increasing regional specialization.

# Nevertheless, if economic integration is characterized by greater mobility of labor and capital
relative to that of commodities, then the outcomes of the IRS model vary substantially (see, for exam-
ple, Krugman and Venables, “Globalization”; and Fujita, Krugman and Venables, Spatial Economy).
Thus, with decreasing transportation costs and growing migration rates, the model predicts three
different outcomes. An initial period of wage and income per capita convergence with population
moving to the region offering higher wages. In the following stage, there will be a new equilibrium
with equal wages across regions and with workers evenly divided. The model also predicts a third
period characterized by increasing wage (and income) divergence with workers concentrated in the
regions offering the higher wages.

* See Davis and Weinstein “Market Access” and “Economic Geography”; and Davis, Weinstein,
Bradford and Shimpo “Factor Abundance Theory.”

* Davis and Weinstein (“Market Access,” pp. 14—15) give the following definition of goods and
industries: “Under the hypothesis of increasing returns, a good is a collection of a large number of
varieties produced under monopolistic competition . . . . By contrast, under the hypothesis of compara-
tive advantage, a good is a traditional homogeneous commodity. Industries, in both frameworks,
consist of a collection of goods produced using a common technology.”

* See Davis and Weinstein (“Economic Geography”) for a more detailed discussion of the mathe-
matics.
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where Q "V'? is the endowments effect and Idiosyncratic Demand is the
economic-geography effect. More specifically, Q ” is the inverse of the
technology matrix mapping output into factors, V7 is the vector of endow-
ments of province p, and the idiosyncratic demand is computed as

np DnRSP
IdiosyncraticDemand ! = Di” - ﬁ X" (2)

where D denotes absorption in province P or the rest of Spain, RSP.*" In other
words, local demand is not measured as a total aggregate for each region but
as the demand deviation (idiosyncratic demand) for a good in a region relative
to the sum of all other regions. As noted previously, the key to establishing
the presence of IRS effects is the coefficient of the Idiosyncratic Demand
variable, for which Donald Davis and David Weinstein identify three hypothe-
ses. In a comparative advantage world without transaction costs, where factor
endowments suffice to decide production, the localization of demand should
have no effect on production structure, so it would no be different from zero.
Instead, in a world with both friction and comparative advantage, the geo-
graphical localization of demand becomes all the more relevant, so the coeffi-
cient would be positive and greater than zero. In this situation two cases are
possible. If this coefficient lies between zero and one, we are in a comparative
advantage world with transaction costs. Instead, if it is greater than one, we
are in the IRS case, where the response of local producers to idiosyncratic
components of demand is more than one-to-one.

THE LOCALIZATION OF PRODUCTION

Before proceeding with the direct estimation of the main model (equation 1),
it appears useful to investigate the impact of HO framework on the localization
of the production across Spanish provinces. So I compute several regressions
using production as the dependent variable and endowments as independent
variables. In other words, I estimate the following linear relationship **

X7?=a"+Q"V?+ " 3)

where the output, X, of industry » in region (province) p is a linear function
of the Q" the inverse of the technology matrix mapping output into factors,
and 17, the vector of endowments of province p.

7Tt should be noted that this equation simplifies the geography implicit in Krugman (“Scale
Economies™) and, hence, does not consider demand in adjacent regions.
* See Davis and Weinstein (“Economic Geography™) for the assumptions of this estimation.
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The econometric analysis is performed with 1861 manufacturing output
data and 1859-1860 data for all right-side variables (endowments) in order
to avoid simultaneity problems.* There are good reasons to prefer mid-
nineteenth-century data to investigate the determinants of manufacturing
location in Spain during industrialization. First, as shown in the section on
regional specialization, the process of re-location and manufacturing con-
centration was at work by the mid-nineteenth century. Second, a rapid de-
crease in conventional transportation costs had happened over the previous
30 years.” And, finally, manufacturing data for 1861 are of extraordinary
quality.

The data used for the analysis include manufacturing output, endowments,
and technology for 43 of 49 provinces in Spain.’' Six provinces (Alava,
Canary Islands, Guiptzcoa, Navarra, Orense, and Vizcaya) have been elimi-
nated from the sample due to the incompleteness of their data. This implies
that the Basque Country is excluded from the regressions. Factor endow-
ments considered are capital, land, professions, artisans, unskilled, and
agrarian labor.”

There are, however, two major drawbacks that need to be addressed be-
fore proceeding further. According to the literature, differences in technol-
ogy across industries should be taken into account and endowments do not
matter at the finer levels of aggregation. Consequently, the HO framework
is estimated for the whole manufacturing sector and separately for three
different subaggregates, which pooled several manufacturing sectors
(Table 5, panel A). To combine different sectors, the aggregation criteria is
the capital-labor ratio.”® The resulting aggregates are: the metal industry,

* This is the “classical” procedure in the literature.

% Moreover, it is likely that the estimation of the HO model in alternative years at the beginning or
at the end of the nineteenth century might offer less conclusive results. At the beginning of the nine-
teenth century, market integration forces had just recently become active and at the end of the nine-
teenth century large movements of production factors took place across Spanish provinces.

5! This article takes provinces in Spain as the geographic unit of analysis. Spanish provinces are mid-
sized because they are bigger than French departments or British counties, but smaller than U.S. states.
It should be noted that the definition of Spanish provinces in 1833 was not based on geographic criteria
but rather the Spanish government created provinces following pre-existing historical divisions and the
areas of influence of major towns. For that reason, Spanish provinces adjust quite well to the functional
integration principle that defines regions by the presence of a nucleus and the corresponding area of
influence. If one wants to estimate an IRS model, the unit-of-analysis should be defined in such a way.
Instead, these kinds of analysis units pose problems in quantifying the HO framework, where factors
should be mobile within regions but less so across regions (see, Kim, “Expansion,” p. 884, for a
discussion of the question).

52 In empirical literature, some authors employed education-based classifications of labor whereas
others preferred occupational-based classifications (see, for example, Trefler, “Missing Trade”) but
occupational-based classifications are likely to be less exogenous with respect to output shares than are
occupational classifications. However, in this case, occupational-based classifications are probably
preferable to the educational-based classification for two reasons. The first is that the 1860 census did
not record education levels, but literacy. Second, as a large literature has pointed out, literacy is a very
poor proxy for skills in the mid-nineteenth century.

%3 The source for capital-labor intensity ratios is Gimenez Guited, Guia fabril.
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TABLE 5
ESTIMATES OF HECKSCHER-OHLIN DETERMINANTS OF PRODUCTION
(1) @ 3) “4)
Dependent variable Manufacturing Aggregate 1 Aggregate 2 Aggregate 3

A: Main Specification

Constant 16,830 -5,635 9,507 7,256
(19,973)) (10,189.) (13,003.) (3,566.3)
Capital 0.1853 0.0027 0.1547 0.0653
(0.0459) (0.0274) (0.0290) (0.0223)
Land -0.0792 -0.0229 -0.0581 -0.0039
(0.0297) (0.0163) (0.0190) (0.0061)
Professions —17.8323 -6.2651 -11.9509 -4.7513
(3.9299) (2.3135) (2.4876) (1.7426)
Artisans 3.0440 1.1024 1.7188 1.2992
(1.5370) (0.8620) (0.9805) (0.3333)
Unskilled 2.0048 1.0963 1.4007 0.2020
(0.6596) (0.3698) (0.4213) (0.1587)
Agrarian -0.2861 -0.0378 -0.3105 -0.1284
(0.1374) (0.0779) (0.0878) (0.0395)
F-statistic 47.63 11.86 62.59 9.04
Adjusted R* 0.8695 0.6081 0.9001
N 43 43 43 43 (41)
Method OLS OLS OLS RREG

B: Instrumental Regressions

Constant 53,552 9,931 42,095 -3,036
(31,672.) (13,252.) (20,726) (5,589.5)
Capital in 1797 1,197.4 449.7 227.0 566.7
(729.61) (311.41) (471.3) (129.27)
Land in 1797 —0.3386 —0.1478 —0.2407 0.0586
(0.1541) (0.0730) (0.0977) (0.0319)
Professions in -32.9508 -8.2773 —18.9245 —4.7454
1797 (8.5377) (3.9091) (5.4244) (1.6716)
Artisans in 1797 19.7944 3.3969 12.5768 2.6121
(3.4844) (1.6084) (2.2149) (0.6891)
Unskilled in 1797 —2.6636 —0.0327 —-1.0487 -1.3130
(3.3045) (1.4603) (2.1309) (0.6235)
Agrarian in 1797 0.0485 0.2660 —0.1493 0.0213
(0.2733) (0.1181) (0.1754) (0.0490)
F-statistic 8.08 2.51 7.49 9.12
Adjusted R* 0.6296 0.2665 0.609 0.6609
N 26 26 26 26
Method OLS OLS OLS OLS

Notes:. OLS: Ordinary Least Squares. RREG: Robust regression. Standard errors are in parentheses.
The Adjusted R * is not plausible in RREG. The RREG method, which had been used when OLS
worked poorly, improves efficiency with reference to the typical ordinary least squares procedure by
eliminating outliers from the calculations. In all specifications heteroskedasticity has been corrected
with GDP weights following Edward Leamer’s method (Comparative Advantage) because errors are
likely to be correlated with size of both regions and industries. Furthermore, some alternative
procedures for correcting heteroskedasticity had been tested without significant changes in the results.
Note that estimation in logs is not possible because some observations are zero.

Sources: See the Appendix.
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cotton spinning, wool spinning, silk spinning, and paper (aggregate 1);
flour mills, textiles, and leather (aggregate 2); and olive oil refining, li-
quor distilling, and soap and cork manufacturing (aggregate 3).**

It is also not realistic to assume that the HO determinants of manufac-
turing location (that is, endowments) were completely exogenous to man-
ufacturing production. Regions with more manufacturing attracted un-
skilled workers because labor demand was growing and wages were
higher during their early industrialization. Similarly, the agrarian work-
force decreased in these regions because employment opportunities in the
manufacturing sector were rising. A solution to this problem requires the
identification of exogenous instruments. Any direct measure of endow-
ments is eligible as an instrument if it is not driven by the development of
manufacturing. For this reason, obvious candidates as instruments are
endowments before early industrialization.”® Thus my hypothesis is that
the early endowments in Spain did not reflect movements of factors that
were driven by industrialization forces but did have a lasting influence on
mid-nineteenth-century manufacturing location. For that reason, I com-
pute another set of regressions using manufacturing production in 1860
as the dependent variable and endowments in 1797 as independent vari-
ables (Table 5, panel B).

Table 5, panel A reports the results of the main specification, regressing
1861 manufacturing output on 1859-1860 endowments. They are both
significant and plausible. The adjusted R * and F-statistic are relatively
high in manufacturing and aggregates 1 and 2, but not in aggregate 3. This
suggests that even after controlling for size-based variation; endowments
explain almost the 85 percent of the variance of aggregate manufacturing
output. They also explain about the 60 percent in the highest capital-labor
ratio industries, which formed aggregate 1, and about 90 percent in the
case of the high consumption sectors, which formed aggregate 2. Instead,
the HO framework yields little information on the localization of the
traditional industries with the lowest capital-labor ratio, which formed
aggregate 3. However, these industries are quite reasonable candidates for
an explanation based on natural advantage rather than comparative advan-
tage. For example, the olive oil refining industry was surely affected by
the suitability of the provinces’ climates for growing olives. The sign and
coefficients of the different variables also lie within what one can expect.
Provinces well endowed with capital, artisans, and unskilled labor had a
comparative advantage in manufacturing, whereas the contrary holds for
provinces well endowed in land, agrarian labor, and professions.

** The (weaving and finishing) textile industry had significantly smaller capital-labor ratios than did
cotton, wool, and silk spinning because it was less mechanized. Consequently, I decided to separate
textiles into several industries.

%> Spanish historiography agrees that early industrialization in Spain started on the 1830s.
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In panel B of Table 5, I regress 1861 manufacturing output on 1797 en-
dowments.*® The results are not identical to those in panel A, although they
are similar. In all specifications I find that provinces relatively abundant in
artisans and capital and relatively scarce in professions and land in 1797
were substantially more industrialized by 1861.”” Instead, the coefficients of
agrarian and unskilled labor had the wrong sign or are not significant. This
intriguing result is consistent with the possibility, discussed earlier, of real-
location of production factors as a consequence of early industrialization
during the first half of the nineteenth century. Therefore, it seems that early
industrialization in Spain reallocated workers from agriculture to industry
and from agrarian to industrializing provinces.*® Instead, one can confiden-
tially suppose that the movements of artisans, professions, capital and, obvi-
ously, land across provinces and sectors were less important.

For seven of eight macro-regions (the Basque Country is excluded due to
data incompleteness), Table 6 reports the impact of factor endowments on
industrialization levels, employing the main specification. To assist interpre-
tation, the last two columns of the table indicate, respectively, the predicted
and the observed industrialization levels and panel B the deviations from the
Spanish norm. Regions such as the Mediterranean and Andalusia have in-
dustrialization levels quite similar to that of Spain as a whole, and for them
the exercise furnishes little information. The regions with industrialization
levels far above or below the national are of course of most interest.

What is remarkable in this simulation is the fact that a large part of varia-
tion in regional industrialization levels still remains unexplained after taking
into account endowments. As the last two columns of Table 6 show, differ-
ences between predicted and observed values at regional level are large and
significant. To give an example, endowments predict a 37 percent higher
level of industrialization in Aragén than the observed level. Consequently,
the estimates of the HO model do not necessarily reject an interpretation of
the differences in regional industrialization levels based on economic geog-
raphy forces.

Despite these major reservations, the exercise in Table 6 can also be
employed to suggest endowment-based interpretations of the divergent
evolution of industrialization in Spanish regions. It reveals that Andalusia

% Caution is required in interpreting the result presented in panel B. It should be noted that the
regressions suffer from few degrees-of-freedom (the reasons for this is discussed in the notes to Table
4) and, hence, the adjusted R and F-statistic are large by construction. Furthermore, estimates of
endowments in 1797 are likely to be error ridden. Nevertheless, the major effect of measurement error
would be to create an attenuation bias toward zero. Therefore, one might presume that the coefficients
obtained are, if anything, underestimates.

7 Note that the coefficient of capital is only significant in aggregate 3.

%% Given the long span of time (60 years) considered here, this reallocation would be produced not
only by reallocations of labor across sectors and provinces but also by differences in life expectancy
and birth rates across provinces. In this sense, it is well known that in industrializing regions birth rates
were higher (due to earlier marriages) and mortality rates were also higher (due to poor hygienic
conditions in industrial districts and working conditions).



Whole of Spain 1013

TABLE 6
IMPACT ON INDUSTRIALIZATION LEVELS OF FACTOR ENDOWMENTS

Region Capital Land Professions Artisans Unskilled Agrarian Predicted Observed

A: Absolute values

Andalusia 0.369 -0.151 —0.733 0353 0.553 -0.192 0316 0.267
Arag6n 0.371 -0.125 -0.753 0.289  0.505 -0.231  0.214 0.156
Catalonia 0.422 —-0.065 —0.794 0.478  0.614 -0.162  0.595 0.699
N. Castile 0.441 -0.225 -1.167 0368  0.927 -0.318 033 0.458
S. Castile 0.3 —0.259 —0.907 0.367  0.699 -0.176  0.169 0.232
Mediterranean  0.365 —0.166 -0.875 0.448  0.621 -0.261  0.284 0.377
Northwest 0.234 -0.147 —0.731 0.508  0.962 -0.507  0.485 0.35

Total 0.362 —0.167 —0.851 0.398  0.679 -0.242  0.335 0.363

B: Deviations from Spanish average due to (percentages)

Andalusia 0.7 1.7 11.8 —4.5 -12.6 5 -1.9 -9.6
Aragén 0.9 4.2 9.8 -109 -174 1 -12.1 -20.8
Catalonia 6.1 10.2 5.7 8 -6.5 8 26 335
N. Castile 7.9 -5.8 -31.6 -3 24.8 -7.6 -0.5 9.5
S. Castile -6.1 -9.2 -5.6 -3.1 2 6.6 —16.7 -13.2
Mediterranean 0.3 0.1 2.4 5 -5.8 -2 5.1 1.3
Northwest -12.8 2 12 11 28.3 -26.5 14.9 -1.3

Notes: The industrialization level is defined as the ratio between manufacturing output and GDP (note
that the size of industry is exaggerated because GDP is a value-added measure and manufacturing
output includes intermediate inputs). The impact of each factor is computed by multiplying the
coefficients of Table 5, panel A, column 1, by the mean values and then by dividing the resulting
figures by GDP. Predicted impact is the sum of all factors impact and includes intercept values (not
presented here).

was relatively poorly endowed in unskilled and artisan labor. Catalonia had
arelatively high industrialization level due to the relatively scarcity of land,
professions, and agrarian labor and the relative abundance of artisans and
capital. Instead, unskilled labor was a minor player in explaining the Catalan
exceptionality. In a sharp contrast with Catalonia, the lower industrialization
levels of Northern Castile are largely explained by the abundance of land,
agrarian labor, and professions. In the case of Southern Castile, capital also
played a role in lowering industrialization levels. In the Mediterranean re-
gion, unskilled labor was too scarce and agrarian labor and professions too
abundant. Finally, the evolution of the Northwest can be explained by ap-
pealing to its capital scarcity and abundance of agrarian labor.

ECONOMIC-GEOGRAPHY EFFECTS IN SPANISH MANUFACTURING

There were significant economic-geography effects in Spanish manufac-
turing by 1861. To compute these effects I estimated equation 1 following
Davis and Weinstein’s methodology. This equation can be estimated at
various levels of aggregation, as linear specification or as a system of seem-
ingly unrelated regressions (SUR).



TABLE 7
ECONOMIC GEOGRAPHY EFFECTS ON PRODUCTION: AGGREGATES

Dependent variable Manufacturing Aggregate 1 Aggregate 2 Aggregate 3

Method OLS SUR OLS SUR OLS SUR OLS SUR

Idiosyncratic demand 1.3241 1.1910 1.9701 1.7594 1.3748 1.2144 0.2626 0.2230
(0.0254) (0.0267) (0.0688) (0.0633) (0.0465) (0.0381) (0.1254) (0.1177)

F-statistic 448.66 1697.7 141.22 652.94 174.82 680.71 229.64 859.51

Adjusted R* 0.9089 0.8828 0.8933 0.8752 0.9157 0.9221 0.9145 0.9181

N 516 516 215 215 129 129 172 172

Notes: Standard errors are in parentheses. All estimations are performed with the Davis and Weinstein (“Economic Geography”) procedure. Consequently, the equations
instrument X" on factor endowments, include a “share” variable, and are heteroskedasticity corrected according to the method described in the note to Table 5.

Following Davis and Weinstein (“Economic Geography”), I introduce the variable SHARE that measures the overall commitment of the province to the encompassing
industry and the importance of that good in the aggregate within that industry. Algebraically

SHAREgp — (XQRSP /XHRSP) X

Sources: See the Appendix and the text.
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Table 7 reports estimates of full equation 1 at higher levels of aggrega-
tion. What is striking in these estimates is the fact that the regressions fits
are quite high. Indeed, it shows that at the end of the early phase of Spanish
industrialization, factor endowments with economic geography specifica-
tions explained about the 90 percent of the variation in these aggregates. The
results also bolster our confidence in the economic-geography effects. Idio-
syncratic demand is significantly larger than one in three of the four aggre-
gates computed, whereas it is close to zero only in one (aggregate 3), which
corresponds to traditional industries where natural advantages were very
important.

One could run an additional robustness check to confirm that the regres-
sion is identifying economic-geography effects. The results are obviously
very sensitive to the aggregation scheme. For example, combining industries
with constant returns with industries with increasing returns might dilute the
real effects. One simple solution to that problem is to compute equation 1
in full for each industry individually. Table 8 shows the results for that
exercise.

The economic-geography effects are significantly larger than unity for
five of 12 sectors: cotton spinning, flour mills, the metals industry, textiles,
and wool spinning. Furthermore, the results are robust to whichever method
of estimation one chooses.” Moreover, perhaps with the exception of flour
mills, all of the industries with significant economic-geography effects seem
plausible candidates for monopolistic competition. For example, Paul
Krugman identified the metal industry and textiles as classical examples of
industries where backward and forward linkages are important.*® It is also
interesting to note the similarity of my estimates with Donald Davis and
David Weinstein’s estimates for Japan and the OECD countries.”’ They
obtained significant economic-geography effects in about 42 percent of
Japanese industries and in about 34 percent of OECD industries, whereas
my exercise obtains this result in about 42 percent of the cases.

The 12 sectors in Table 8 corresponded to about the 82 percent of value
added in industry by 1861.% Moreover, the sectors with economic-geogra-
phy effects account for 55 percent of the value added in industry by 1861.
This obviously strengthens the view that the sectors that seem to have home-
market effects account for the major part of industrial output in Spain during
early industrialization.

% The B-coefficients of Idiosyncratic Demand (not reported in the table) for these five industries also
show very statistically significant economic-geography effects. They are typically over the 0.8 range
(3.45 for flour mills, 0.91 for cotton spinning, 0.84 for the metals industry, 0.81 for textiles, and 0.81
in wool spinning). A one-standard-deviation movement in idiosyncratic demand on average moves
production by more than 0.8 standard deviation. In other words, observed fluctuations in idiosyncratic
demand provide a lot of information on production patterns.

% Krugman, Geography.

¢ Davis and Weinstein, “Market Access” and “Economic Geography.”

%2 Using the value-added shares computed by Prados de la Escosura, De Imperio, pp. 143-67.
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TABLE 8
ECONOMIC GEOGRAPHY EFFECTS ON PRODUCTION: INDIVIDUAL INDUSTRIES

Idiosyncratic Demand

Economic Standard
Industry Geography Coefficient Error F-statistic Adjusted R?
Cork manufacturing 1.3335 (1.0684) 0.43 0.1224
Cotton spinning Yes 2.1025 (0.0877) 721.96 0.9928
Flour mills Yes 1.8567 (0.1675) 33.21 0.8599
Leather 0.4959 (0.2173) 22.04 0.8003
Metal industry Yes 2.4371 (0.1245) 218.65 0.9764
Olive oil 0.3316 (0.2719) 93.45 0.9463
Paper —-0.1675 (0.1308) 5.41 0.4567
Silk spinning 0.5447 (0.0712) 64.4 0.9252
Soap 0.1606 (0.1929) 2.8 0.2554
Spirits —0.2076 (0.1703) 2.66 0.2404
Textiles Yes 1.4967 (0.0893) 614.15 0.9915
Wool spinning Yes 1.8690 (0.2848) 75.12 0.9339

Notes: The number of observations is 43 in all industries. The estimations were performed with OLS.
Results obtained by SUR (not reported in the table) are practically identical. All regressions include
ancillary variables (endowments and share) and are heteroskedasticity corrected.

CONCLUSIONS

This article offers new insights concerning the causes of the industrializa-
tion of Spain’s regions by applying recent development in international
economics. The fortunes of a region are assumed to depend not only upon
its own endowments but also on market-size effects. By contrast, many
economic historians take a different approach assuming that the fortunes of
each region has their own specific explanation. From the previous pages, a
common pattern emerges: regions industrialized or failed to do so according
to a combination of comparative advantage (HO model) and IRS forces.

It seems necessary to emphasize that endowments are not enough to
explain the full history. Why did modern manufacturing concentrate in
some regions while others, in spite of their comparative advantage in manu-
facturing, have few modern factories? The explanation lies in the fact that
modern industries that produced heterogeneous goods exercised monopolis-
tic competition and experienced increasing returns. Consequently, they
tended to be concentrated in regions in which the home-market effects were
larger.

What really caused these home-market effects? It is premature to attempt
to answer this here, but a few hypotheses might be ventured. Home-market
effects can arise from simple market-size scale economies or the much more
sophisticated Marshallian externalities (backward and forward linkages).
Many manufacturing sectors with increasing returns are also sectors with
backward and forward linkages. Consequently, it is much more plausible
that Marshallian externalities were more important for producing home-
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market effects than pure market-size effects. In any case, these are simple
observations that require much greater analysis and empirical study.

These findings suggest the appeal of some sort of evolutionary interpre-
tation of the changes in the location of the Spanish manufacturing during
the nineteenth century. In the eighteenth century, due to high transportation
and transaction costs, there was little interregional trade and regional spe-
cialization was scarce. In the first half of the nineteenth century, transporta-
tion and transaction costs decreased. Trade among regions increased and
regional goods markets became steadily more integrated. At this point,
manufacturing location varied. These changes in the location of manufac-
turing production arose both from comparative advantage and from addi-
tional external economies. Increasing returns were highly relevant in the
new modern manufacturing industries, which produced heterogeneous
goods, but negligible in traditional industries. Some regions with a large
comparative advantage in manufacturing because they were well endowed
in artisans and capital, such as Catalonia, also benefited from gains from
external economies. The production structures of Agrarian (poor) regions
did not converge with those of industrialized regions for two reasons. First,
increasing-returns industries did not move into poor regions. Second, agrar-
ian labor did not migrate massively to the new rich regions up to the first
third of the twentieth century.

Finally, I would like to underline three broad suggestions for further
research. First, the article’s findings suggest the need for rethinking the
relationship between agricultural revolution and regional industrialization.
Ibelieve that the conventional view of successful industrialization as exclu-
sively determined by the success of a previous agricultural revolution is too
simple. With the results obtained here, it seems much more productive to
study the relationship between agricultural changes and regional differences
in factor endowments. Second, it also appears necessary to study the forces
shaping the regional distribution of endowments and particularly the influ-
ence of pre-industrial institutions on that distribution. Third, from the point
of view of economic theory, this article has supplemented the explanatory
power of the new economic geography in economic history. In particular,
the hypothesis of the importance of home-market effects in determining the
localization of production is fully confirmed by this research.

Appendix.: Description of the Variables and Their
Sources

This Appendix describes chronologically the process of construction and the sources of
the different variables used in the calculations.
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Provincial-level data on sectoral output of 16 manufacturing sectors in 1861 were taken
from Gimenez Guited’s book.® In calculations, I have employed a concept closely allied
to gross output: gross output less intra-industry transactions.*

18591860 data have been used to compute endowments and other right-hand-side
variables. The numbers of different categories of labor by provinces were taken directly
from the Population Census of 1860 and then added to get labor-category totals: professions
(clerks, public servants, professionals, and commerce), artisans, unskilled (day workers,
construction workers, transportation workers, miners, poor, servants, and factory workers),
and agrarian labor.

Two different methods can be employed to compute capital endowments by province.
First, the data on housing prices, as a proxy for capital prices, from the property provincial
bureaus can be used directly (capital 1).°° Alternatively, the capital stocks by province can
be derived from income taxes in 1860 (capital 2). Spain’s statistical yearbook gives taxes
paid by rents of housing, agrarian equipment, livestock, commerce, and industry for each
province in 1860.% These taxes were used to assign capital rents for each province and kind
of capital good in 1860 using tax rates. Capital rents were used to estimate capital stock
levels using the interest rate (6 percent), provincial-capital-goods price deflators, and rates
of depreciation,” which were different for each kind of capital good.®® In the regressions,
these two variables are significant and have the expected sign (negative in capital I and
positive in capital 2) but in the tables I preferred to show capital 2 given that it corresponds
quite well with the variable employed by Davis and Weinstein.

The next problem was how to estimate land endowments by provinces. Several alterna-
tives were available. First, average land prices can be directly employed (land 1).% Sec-
ondly, I can use the quantity of hectares of cropland and pastures from the first available
and reliable census (/and 2).”° Third, I use government estimations on land rents to estimate
land values (land 3). Spain’s statistical yearbook provides information on the amount of
provincial land rents.”* These rents were used to compute land stocks for each province in
1860, using the interest rate (6 percent) and provincial land deflators. Fourth, given that
some scholars have expressed doubts on the reliability of land taxes, I modify the original
data on the amount of provincial land rents with estimations on the amount of tax evasion
by province (land 4).” In regressions, all alternative variables were significant and dis-
played the expected sign. In the tables, I preferred to show the variable land 3 because it
is the most satisfactory from the theoretical point of view.

A proxy for the provincial Gross Domestic Product in the private sector was estimated
for all provinces in the sample. This variable was exclusively used to weight the regressions

® Gimenez Guited, Guia Fabril.

% See, Ciccone and Hall (“Productivity,” p. 60) for a detailed discussion of the advantages of that
output concept in regional studies.

% The data include the prices and quantities of houses sold during the year, the prices and quantities
of houses transferred by inheritance, and the prices and quantities of houses that were settled in mort-
gage. Specifically, in the calculations, an average of these three prices during two years (1863—1864)
has been employed. Finally, average prices per house were transformed in prices by m*with data on the
average size of houses by province from 1874 statistics. All data were taken directly from Ministerio
de Gracia y Justicia, Estadisticas.

 Anuario estadistico de Esparia.

67 This estimation is derived from the following identity the Stock, = (Renty) / (I + 6) where I is the
interest rate and J is the depreciation rate.

% The provincial deflators for housing and livestock were taken from Rosés and Sénchez-Alonso,
“Wage Convergence.”

%1 use the same source and methodology as in the case of housing prices.

" Banco Urquijo, La riqueza, vol 2, p. 378.

" Anuario estadistico de Espaiia.

2 Pro Ruiz, “Ocultacién,” p. 93.
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in order to correct for heteroskedasticity. The provincial GDP was computed by adding up
land, housing and other capital rents, depreciation, and wages (including the remuneration
of the self-employed). Complete provincial data on unskilled wages was combined with
data on the size of the workforce and skill premiums by categories of workers to get em-
ployee remuneration.” Moreover, the remuneration of self-employed labor was assumed
to be equal to the remuneration of skilled labor. Land, livestock, and capital rents were
computed from taxes paid on land, livestock, and industry and commerce, respectively.™
Depreciation rates for each type of good were also imputed from contemporary references.
All provincial figures were increased so that the 49-provinces total for GDP exactly
matched the total Spanish GDP of the private sector.”” A PPP-adjusted price index deflated
the resulting current GDP figures.”

1797 data have been used to compute endowments in instrumental regressions (Table 5,
panel B). The numbers of different categories of labor were introduced by provinces di-
rectly from the Population Census of 1797 and then added to get labor-category totals.
Given the absence of estimates on capital, urbanization rates (cities with more than 5,000
habitants) were used as a proxy. Finally, as a proxy for land values, agrarian production
from the Censo de la Riqueza Territorial e Industrial was used.

The construction of the consumption data by province was quite complex. In broad
terms, three types of consumption goods were used in this study: intermediate (cotton yarn,
wool yarn, silk yarn, and metal goods), taxed goods (olive oil, liquors, cork, paper, and
soap), and duty-free goods (flour, leather, and textiles). The consumption of intermediate
goods for each province was computed using Gimenez Guited’s data.”” However, in the
absence of direct figures on the provincial consumption of metal goods, their consumption
was imputed from the figures on machinery stocks by province. For taxed goods, Spain’s
statistical yearbook provides the quantities consumed by each province’s capital.” Then,
provincial totals were computed under the assumption that provincial per capita consump-
tion of each good corresponded to the pattern of its respective capital. Finally, provincial
data on household consumption, which broke household consumption into several catego-
ries, provided the basis of figures for the provincial consumption of flour, leather, paper,
and textiles.” It should be noted that all these commodities (intermediate, taxed, and duty-
free) were valued at producer prices because without this adjustment the data would have
greatly overestimated final consumption of goods, given that consumer prices included
transportation costs and mark-ups. Finally, all provincial figures were increased so that the
49-province totals for each commodity exactly matched its total Spanish consumption.®

" The data for unskilled wages came from Rosés and Sanchez-Alonso, “Wage Convergence”; and
the data on skills premium came from U.S. Congress, Labor, pp. 1345-441.

™ Anuario estadistico de Espaiia.

> Data on Spanish GDP are from Prados de la Escosura, El progreso.

" The deflator came from Rosés and Sanchez-Alonso, “Wage Convergence.”

"7 Gimenez Guited, Guia Fabril.

" Anuario estadistico de Esparia.

" Rosés and Sanchez-Alonso, “Wage Convergence,” furnishes that data on provincial household
consumption.

% Data on Spanish consumption are from Prados de la Escosura, E/ progreso.
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