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ABSTRACT
This paper explores the relationship between market access and human capital in the context of an industrializing economy, in

this case Spain between the late 19th and early 20th centuries. Specifically, we examine whether differences in regional

accumulations of human capital could be related to market access. To do this, we empirically test the relationship between

education variables and market access for Spanish provinces between 1860 and 1930. We then focus on the mechanism that

may be mediating this relationship, that is, the skill premium. The results suggest that there were sizeable provincial differences

in the skill premium, the explanation for which would be that those provinces with the highest market access specialized more

in skill‐intensive sectors in which higher wages were paid.

JEL Classification: I25, N90, O15, R12

1 | Introduction

The theoretical and empirical literature of the new economic
geography (NEG) has given us an economic interpretation of the
spatial inequality that characterizes the world today. The basis for
this is the belief that interaction between the economies of scale
typical of certain activities and lower trade costs makes it more
likely that companies and workers will become concentrated in
those locations with the best access to the markets of goods and
inputs, this being a cumulative process (Krugman 1991; Fujita
et al. 1999; Puga 1999; Combes et al. 2008). The existence of this
relationship would help us to understand not only the marked
inequality that characterizes the distribution of activity across ter-
ritories, but also the appearance of divergent growth paths within
them (Krugman and Venables 1995; Redding and Venables 2004;
Ottaviano and Pinelli 2006; Combes and Gobillon 2015).

Using this economic foundation as a starting point, the empirical
literature has made it possible to establish two relevant aspects.
First, there is evidence pointing to the existence of a relationship

between market access or market potential (the two terms are
used interchangeably in the context of this paper) and regional
production specialization (Midelfart‐Knarvik et al. 2002), the
direction of capital flows (Crozet et al. 2004) and workers
(Crozet 2004), and regional differences in wage levels (Hanson
1998, 2005; Roos 2001; Brakman et al. 2004) and income (Redding
and Venables 2004; Breinlich 2006; Niebuhr 2006; Head and
Mayer 2011). And second, these processes appear to be cumula-
tive, which implies that the inequality that characterizes most
developed economies today may have its roots in the early stages
of the economic development processes (Crafts and Venables
2003; Wolf 2007; Liu and Meissner 2015). In this regard, for many
of today's developed countries the 19th century was the first time
the two fundamental elements of the NEG models coincided:
technological change, typical of the first and second industrial
revolutions, and market integration (reduction in trade costs) for
goods and inputs.

The NEG literature has thus sufficiently proven that today's
regional inequality is linked to differences in market access
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resulting from a process that has its roots in the past. However,
a great deal less interest has been shown in identifying and
studying the mechanisms that would become the basis of any
such sustained relationship over time. In the search for these
mechanisms, one body of work has connected two apparently
disparate lines of literature: economic growth and economic
geography. Firstly, endogenous growth theory has repeatedly
pointed out that the availability of human capital is a deter-
minant of growth over the long term (Romer 1986; Lucas 1988;
Galor 2011; Barro 2013; Gennaioli et al. 2013). Thus the ex-
istence of marked differences in the regional availability of
human capital could be one of the main reasons for the dif-
ferences in regional economic trajectories and therefore a key
element for understanding current regional inequality.

And secondly, the new economic geography literature. Since
this first made its appearance, progress has been made in the
theoretical formulation and empirical testing of new hypothe-
ses. As pointed out by Redding and Schott (2003), given that
better market access may encourage the accumulation of
human capital, the incentive for individuals to invest in edu-
cation should be related to their geographical location. The
economic mechanism behind this would be as follows. Greater
market access would favor regional specialization in those
sectors characterized by the presence of increasing returns. In a
two‐sector theoretical framework in which manufacturing uses
both skilled and unskilled labor and is the sector with
increasing returns, and in which agriculture has constant
returns to scale and uses unskilled labor for production pur-
poses, it is to be expected that the higher the market potential,
the higher the specialization in industrial production and the
higher the wage premium for skilled workers. In these condi-
tions, market potential would increase the incentives to invest
in human capital in a particular location. As a result, the rate of
human capital accumulation would be endogenous to the
model and be related to each region's market potential.

Empirical analysis of this possible relationship has mainly
involved recent periods and large samples of countries (Redding
and Schott 2003) or European regions (Faíña and López‐
Rodríguez 2006; López‐Rodríguez et al. 2007; Karahasan and
López‐Bazo 2013; Matas et al. 2015). The results generally
indicate that levels of human capital (calculated using different
measures of educational attainment) are highest in those
regions with the greatest market access and decrease in line
with lower market access. Thus it has been shown that market
access is a factor that influences human capital accumulation in
the present time. However, the study of whether or not this
relationship existed during the early stages of economic devel-
opment and what form it took is still in its infancy (Diebolt and
Hippe 2018).

As its contribution to this area of study, this paper aims to
analyze whether or not there was a relationship between mar-
ket access and human capital accumulation in Spanish regions
during the first major stage of the industrialization process,
which in the case of Spain extends from the mid‐19th century to
the outbreak of the Civil War in 1936. Our research strategy
is as follows. Firstly, we examine whether those provinces
(NUTS3) with the greatest market potential also had the
greatest accumulations of human capital, as measured by

literacy rates and numeracy skills. To put it another way, we
test whether or not one of the hypotheses deriving from the
NEG literature can be confirmed, that is, that there is a link
between a region's market potential and its accumulation of
human capital (Redding and Schott 2003). Secondly, we focus
on the economic mechanism that may explain this relationship,
looking in particular at the connection between market poten-
tial and the skill premium, defined as the ratio of the wages of
skilled industrial workers to those of unskilled workers em-
ployed in both agriculture and industry. The skill premium as a
means of explaining the positive effect of market access on
human capital was originally developed in the theoretical
model presented by Redding and Schott (2003) and then ex-
panded and empirically tested by Fallah et al. (2011). We follow
this latter work to analyze the relationship between market
access and the skill premium in Spain's provinces in the early
decades of the 20th century. Finally, to complete our analysis,
using semiparametric techniques we also examine the existence
of possible nonlinearities between market potential, the skill
premium and our human capital indicators.

Taking into account the theoretical modeling of the NEG and
basing our study on a developing economy like Spain over the
period 1860–1930, we aim to contribute to the literature in several
ways. Firstly, in this particular case the period analyzed saw the
beginning of the transition from an agrarian to an industrial
economy that took place in parallel with an increasingly rapid
integration of regional markets.1 It has already been verified that
industrialization did not occur homogeneously across Spain and
that there was in fact a marked spatial concentration of industrial
production. It could therefore be said that the evolution of the
Spanish economy over the period reflects a reality that is in line
with that described in the NEG theoretical literature (Martinez‐
Galarraga et al. 2021).2

Secondly, approaching the analysis of the relationship between
market potential and human capital accumulation from a his-
torical and regional perspective framed in a national case offers
various advantages. The first is that it ensures that the institu-
tional framework that regulates the educational supply by the
State is common to all the regions analyzed, given that the
presence of diverse education policies is an inherent limitation
to those investigations that have addressed this type of analysis
in cross‐country studies. In addition, since this is a historical
study, the time frame for the analysis begins before the Spanish
central government started its direct funding of education.
Regional variations in education would therefore be funda-
mentally related to the conditions that existed in each region
and would not be the result of government policy aimed at
achieving greater territorial balance.

Finally, exploring the case of Spain over the period 1860–1930
makes it possible to avoid the effects of another element that
makes empirical analysis of the model proposed in Redding and
Schott (2003) difficult. As López‐Rodríguez et al. (2007) point
out, that model assumes an absence of mobility of qualified
labor, which means that testing it involves considering evidence
relating to countries or regions in which few migratory flows
are recorded. There was little interprovincial migration in Spain
during the second half of the nineteenth and the early twentieth
centuries, so we are working in a historical context in which it
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is reasonable to maintain the assumption of no worker
mobility.3

Bearing these objectives and expected contributions in mind,
we have assembled a provincial (NUTS3) dataset that includes a
measure of market access, a series of basic human capital in-
dicators (literacy, numeracy) and wages for different levels of
skill for five benchmark years (1860, 1900, 1910, 1920, and
1930).4 In a first stage, the results we obtain prove the existence
of a relationship between provincial market potential and our
human capital indicators (Redding and Schott 2003). Then, in
a second stage, a mechanism that would mediate such a rela-
tionship is also identified, this being regional differences in the
wage levels of qualified industrial workers compared to those of
agricultural or untrained industrial workers (Fallah et al. 2011).
By showing that market access has a positive effect on the
accumulation of basic human capital in the early stages of
economic development, the analysis therefore provides an ex-
planation linking market access to the unequal growth trajec-
tory of Spanish provinces over the long term that has been
demonstrated by previous work (Martinez‐Galarraga et al. 2015;
Díez‐Minguela et al. 2018).

The work is structured as follows. Section 2 provides a brief
historical background describing how the location of industry
and regional growth in Spain evolved over the period analyzed.
Section 3 introduces the variables used and the construction of
the dataset, while Section 4 shows the characteristics of the
main study variables and presents preliminary non‐parametric
evidence of the relationship between them. Section 5 develops
the empirical test to prove the existence of a relationship
between market potential and basic human capital (literacy,
numeracy). Then, Section 6 studies the mechanism that un-
derlies this relationship by examining the link between market
access and the skill premium. In Section 7, a semiparametric
analysis is carried out to reveal possible nonlinearities in
the relationship between market potential and the different
dependent variables considered. Finally, Section 8 concludes.

2 | Market Access, Industry Location and
Regional Inequality in Spain

The economic integration of the Spanish market was completed
during the second half of the 19th century (Rosés et al. 2010).
Indeed, throughout the 19th century institutional obstacles to
interregional trade were being removed through a series of re-
forms aimed at strengthening property rights and encouraging a
reduction in the trade costs that interfered with economic
relations and impeded the free movement of goods within
Spain's borders. Likewise, improvements to the transport sys-
tem proved to be a determining factor. The construction of the
railways, in particular, gave a huge boost to the integration of
the Spanish market.5 In this context, the convergence of
regional prices in the grain markets was a sign that the Spanish
goods market was becoming more and more integrated over
time (Peña and Sánchez‐Albornoz 1983). The integration of the
factors markets also advanced notably. On the capital market
the interregional variation in the interest rates of short‐term
bills of exchange decreased (Castañeda and Tafunell 1993;
Nogués‐Marco et al. 2019), while the reduction in interregional

differentials in real wages between 1860 and 1930 has been seen
as proof of the gradual integration of the labor market over that
period (Rosés and Sánchez‐Alonso 2004).

In addition, it is a well‐established fact in Spanish economic
history that from the mid‐19th century to the outbreak of the
Civil War (1936–1939), industrial production gradually
agglomerated in a small number of provinces (Nadal 1987;
Paluzie et al. 2004). Economic historians have thoroughly
investigated the roots and causes of the specific location of
industrial activity and of the notable increase in the spatial
concentration of manufacturing over this period (Figure 1).
Rosés (2003), following Davis and Weinstein (1999, 2003), finds
evidence that the home market effect was behind early Catalan
industrialization (around the 1860s). Tirado et al. (2002), in line
with Kim (1995), identify scale economies and market size as
determining Spain's industrial geography in the mid‐19th cen-
tury. By the end of the century, the explanatory power of these
NEG effects had increased in parallel with advances in the
economic integration process.

Adopting the approach developed by Midelfart‐Knarvik et al.
(2002), Martinez‐Galarraga (2012) confirms and extends the
previous findings of Tirado et al. (2002).6 In short, it has been
concluded that, as the domestic market gradually integrated
and industrialization progressed in Spain during the second half
of the 19th century, NEG forces grew to be the main determi-
nant of Spain's industrial landscape. In particular, it has been
proven that the interaction between economies of scale and
market potential favored the concentration of industries with
increasing returns in those provinces with the best access to
demand up to the 1930s. In addition, Martinez‐Galarraga et al.
(2008), in line with Ciccone and Hall (1996) and Ciccone (2002),
suggest that agglomeration economies were present in Spain's
manufacturing during the early stages of industrialization, as
those regions with a higher spatial density of economic activity
also enjoyed higher industrial labor productivity.

Researchers have additionally tested not only the wage equa-
tion, that is, the existence of higher wages in regions with
greater market potential resulting from the agglomeration of
manufacturing (backward linkages), but also the ability of these
wages to generate migratory flows of workers (forward link-
ages). On this subject and following Hanson (1998, 2005)
influential research based on the Krugman wage equation,
Tirado et al. (2013) examine the existence of a spatial structure
in nominal wages in industry in 1920s Spain. The results con-
firm that wages were higher in regions with greater market
potential. In addition, extending the work done by Crozet
(2004), Pons et al. (2007) establish a direct relationship between
migration decisions and the market potential of the host regions
during the 1920s, thus verifying the presence of forward link-
ages in the internal migrations between Spain's provinces in the
interwar years.

Beyond the manufacturing sector, Rosés et al. (2010) focus on
regional inequality in terms of GDP per capita, constructing a
population‐weighted coefficient of variation to measure the
long‐term evolution of disparities in regional income per capita
at provincial level. They show that, clearly echoing the growing
spatial concentration of manufacturing, the second half of the
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19th century and the first decades of the 20th also saw a
remarkable increase in regional income inequality (Figure 2).
Going one step further, Díez‐Minguela et al. (2018) claim that
the growth in regional inequality generated a geographical
pattern that appears to be well‐established in 1930 and has
indeed persisted right up to the present.

Finally, Martinez‐Galarraga et al. (2015), in line with Ottaviano
and Pinelli (2006), show how the regional inequality that
characterized the Spanish economy in 1930 was due to the
existence of sizeable differences in regional growth trajectories
during the period 1860–1930 and the fact that these differences
were related to heterogeneous access to markets. Building on
Brülhart and Sbergami (2009), Díez‐Minguela et al. (2016)
reinforce this result, finding that agglomeration economies are
important when it comes to explaining regional inequality in
Spain before the Civil War (1936–39) and that industrial
agglomeration during the second half of the 19th century and
the first decades of the twentieth was therefore crucial to this
process.

Given these conditions, the question we aim to investigate
revolves around the economic mechanism that connects the
concentration of manufacturing with unequal regional eco-
nomic growth. Using Redding and Schott's (2003) hypothesis as
a starting point, we suggest that it was differential access to
markets that determined which regions would see greater ad-
vances in industrial production. In turn, the greater or lesser
industrial specialization of the regions brought about the
appearance of regional differences in the wages for skilled work.
Under these circumstances, the incentives to invest in

education were greater in those regions with the greatest mar-
ket potential, an element that ultimately gave rise to differences
in regional rates of human capital accumulation. To further
investigate this hypothesis, the following sections present the
dataset we have constructed and some descriptive evidence
regarding regional differences in market access and human
capital stock.

3 | Data

With the aim of studying regional differences in human capital
endowment and its determinants in greater detail, our dataset
includes different human capital indicators (literacy, numer-
acy), a measurement for the market potential of Spanish prov-
inces for the period 1860–1930 and both industrial and agrarian
wages for 1910–1930. Other variables used as controls such as
province size, measured by total population, population density
and the educational infrastructure are also included. The da-
taset is in the form of a panel spanning five benchmark years
(1860, 1900, 1910, 1920, and 1930) and covering a total of 47
Spanish provinces.7

Human capital is a broad, complex concept (Goldin 2016) and
there are therefore different ways of approaching it (Barro
and Lee 2013; Hanushek and Woessmann 2012; Abraham and
Mallatt 2022). Here we focus on basic human capital and begin
by calculating provincial literacy rates. Spain's population cen-
suses provide information on self‐reported literacy rates back to
the mid‐19th century, so we have been able to gather data for
our benchmark years, broken down by sex. These data refer to

0
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1856 1893 1913 1929 1955 1975 1995

FIGURE 1 | Concentration of manufacturing in Spain, 1856–1995 (NUTS3). Source: Paluzie et al. (2004).
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the percentage of the population over age 10 that could read and
write. Taking the population over the age of 10 into account is
common in historical studies (e.g., Núñez 2003; Diebolt and
Hippe 2018), given that the ability to read and write was mainly
acquired during primary education. It should be noted that
these rates vary greatly according to sex and therefore the
aggregate or total literacy rates actually capture two rather
different stories, one for males and one for females. Thus we
focus on male literacy rates and then use the female and total
literacy rates for the purposes of robustness.

In addition, we also consider provincial‐level numeracy indexes
as a complementary measure of human capital. Numeracy skills
can be defined as the ability to understand and work with
numbers, so ultimately numerical knowledge and number dis-
cipline may also be crucial for industrial activities. To obtain a
better picture of these basic numerical skills, a growing number
of works have focused on age heaping by making use of his-
torical data on ages (Tollnek and Baten 2016). It has been
suggested that an irregular pattern of age distribution or a
preference for certain digits may indicate the presence of mis-
reported age, which can become an indicator of a society's
aggregate numeracy skills. Our data come from Beltrán Tapia
et al. (2022), who calculate age heaping on the basis of the year‐
by‐year age of the population included in the censuses pub-
lished since the late 19th century for the Spanish provinces,
broken down by sex. It should be noted that as regards Spain
the first population census that collected year‐by‐year age
information by province was that of 1877.

The Whipple index is possibly the most popular indicator for
measuring digit preference and age heaping. It can be computed
as the ratio of the number of reported ages ending in 0 or 5 to a
fifth of the given population, excluding the oldest and youngest
individuals. It is therefore calculated for specific age cohorts

(23–32, 33–42…) or for a whole range (23–62; 23–72). So, if P25
denotes the total number of respondents who reported an age of
25, the Whipple index for multiples of 5 for the range
23–62 years would be computed as follows:







W =

(P + P + P + P + P + P + P + P )

1/5(P + P …+ P + P )
· 10025 30 35 40 45 50 55 60

23 24 61 62

(1)

By definition, the index varies between 100—which indicates
no preference for ages ending in 0 or 5—and 500, which
implies perfect heaping. For the sake of clarity, following
A'Hearn et al. (2009) the original Whipple index is converted
into a new measure, the ABCC index, that ranges from 0
to 100:

≥


ABCC = 1 −
(W − 100)

400
· 100 for W 100;

ABCC = 100 elsewhere

(2)

We use male ABCC indexes, given that the lack of gender gaps
in age‐heaping in Spain's provinces throws doubt on the accu-
racy of female age reporting (Beltrán Tapia et al. 2022).8

Along with measures of human capital, our analysis also relies
on an indicator of provincial market access or market potential
(Martinez‐Galarraga 2014). The role of market accessibility has
regained significance as a factor explaining the spatial distri-
bution of economic activity thanks to the crucial role it plays
within economic geography models (Fujita et al. 1999; Combes
et al. 2008). Here we measure market access using the tradi-
tional Harris market potential equation (Harris 1954), also
known as the nominal market potential. This captures the idea
that the accessibility of a location depends on the size of other

FIGURE 2 | Regional per‐capita income inequality in Spain, 1860‐2015. Note: Population‐weighted coefficient of variation. Source: Díez‐
Minguela et al. (2018).
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markets, usually measured in terms of GDP, once distances (or
bilateral transport/trade costs) have been deducted.

This methodology has traditionally been used by geographers
and economists (Clark et al. 1969; Keeble et al. 1982), although
recently it has also grown more popular among economic his-
torians, following in the steps of Crafts (2005) and his analysis
of Victorian Britain. Harris's market potential function has also
appeared in empirical works within the field of economic
geography. The validity of this indicator in such a context is
supported by two facts: first, the results obtained from empirical
exercises in economic geography do not provide conclusive
evidence that alternative measures might be more effective in
terms of robustness (Head and Mayer 2004),9 and second, a
direct relationship can be established between Harris's equation
and the market access measures deriving directly from NEG
models, thus providing a theoretical foundation for Harris's
market potential equation (Combes et al. 2008).

What is known as the nominal market potential or Harris's
market potential function can be defined as:

MP
M

d
= ,r

s

rs
(3)

where Ms is a measure of the economic size of province s (i.e.,
GDP) and drs is distance. In this case, d is equal to the bilateral
transport costs between provinces r and s. Drawing on this
expression, we computed a measure of Spanish NUTS3 market
potential for the years 1860, 1900, 1910, 1920, and 1930, fol-
lowing Crafts (2005).10 The figures were obtained as follows.
First, the market potential of a Spanish province r was dis-
aggregated into two components: the domestic market potential
(DMPr), which incorporated each province's self‐potential (SPr),
and the foreign market potential (FMPr) between the provincial
and the international nodes. Thus the market potential of a
province r (MPr) was calculated as the sum of the domestic and
foreign market potential:

MP DMP FMP= +r r r (4)

According to this expression, the domestic market potential for
each of the 47 provinces r is calculated as follows:

DMP
M

d
SP= +r

s
s

rs
r

1

=46

(5)

with

SP
M

d
=r

r

rr
(6)

being the measure of the self‐potential of each province r, where
drr is calculated by taking a distance θrr equivalent to a third of
the radius of a circle with an area equal to that of the province:

θ
π

=
1

3

(area of the province )
.rr

r (7)

The next expression yields the foreign market potential of
province r (FMPr), where drp captures the distance from the
inland provincial node to the nearest Spanish sea port:

⋅ ⋅FMP
M

d
Distance Tarif f=r

f
f

rp
pf
δ

f
γ

1

=4

(8)

with d = 1rp if r is a coastal province, and d d=rp rs if r is an
inland province. In this case, Mf is the economic size of the
foreign market; drp captures the transport costs from the inland
provincial node to the nearest Spanish sea port p; Distancepf is
the distance between the Spanish sea port and the international
node f ; Tarifff is the mean tariffs applied in the foreign country

f; and δ and γ are the elasticities – estimated by international
trade gravity equations – associated with the coefficients for
distance and tariffs respectively.

Hence the total market potential of province r MP( )r is the sum
of the following terms, the first two of which correspond to
domestic market potential (including the self‐potential of
province r) and the third to foreign market potential:

⋅ ⋅ 











MP

M

d
SP

M

d
Distance Tarif f= + + .r

s
r

rs
r

f
f

rp
pf
δ

f
γ

1

=46

1

=4

(9)

The economic size of the provincial markets M( )r is measured
by the aggregate income. Data on nominal GDP at a NUTS3
level are obtained from Rosés et al. (2010). To measure drs we
considered transport costs. In such a case we need data on
distances and average transport rates for commodities. Internal
transport was assumed to be by railway (using a network that
was constantly expanding over the relevant period) and coastal
shipping.11 For railway distances, our sources were Ministerio
de Obras Públicas (1902) and Wais (1987). For distances
between ports, electronic atlases provided information on the
length of sea journeys. As regards transport costs, data on
railway freight rates came from Herranz (2005b) and coastal
shipping rates in 1865 from Nadal (1975). To take into account
the reduction in sea transport costs, the data were corrected
using the freight rate indexes calculated by Mohammed and
Williamson (2004). In the first benchmark year in the 1860s,
however, only 32 out of the 47 provinces considered were
connected to the railway network. Road transport was therefore
also included in the internal market potential estimates for that
time. Distances by road were taken from Dirección General de
Obras Públicas (1861). For road transport prices we used the
information in Barquín (1999). Finally, the relative weight of
each transport mode in the coastal provinces came from
Frax (1981).

The construction of the measure for foreign market potential
includes the main trading partners of Spain: France, the United
Kingdom, Germany and the United States. These four countries
accounted around 60% of the total exports in the period under
study (Prados de la Escosura 1982). We take their main ports as
the exterior nodes (London, Hamburg and New York). How-
ever, as a consequence of its geographical location in relation to
that of the Iberian Peninsula, the French market can be

6 Journal of Regional Science, 2025
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accessed both via the Atlantic and the Mediterranean sea-
boards. For this reason, the French market is divided and three
nodes are considered: Le Havre and Nantes on the Atlantic
seaboard and Marseille on the Mediterranean. Then, the cal-
culation is based on the gravity equation for international trade
estimated by Estevadeordal et al. (2003). The elasticities
obtained for distance and tariffs (‐0.8 and ‐1.0 respectively) were
used to reduce the size of the foreign markets. The nominal
GDP of the main trading partners for Spain came from Crafts
(2005), based on estimates by Prados de la Escosura (2000).
Prevailing exchange rates were applied to convert GDP figures
from pounds to pesetas. Maritime distances were again obtained
from an electronic atlas and, finally, tariffs came from O'Rourke
(2000) and Mitchell (1998a, 1998b).

Another important piece of our analysis is the skill premium in
wages. To calculate the skill premium between 1910 and 1930, we
use wages of skilled industrial workers, unskilled industrial
workers and agricultural workers.12 With this information we
obtain two alternative skill premia, one comparing the wages of
industrial and agricultural workers and the other comparing the
wages of skilled and unskilled workers within the industrial
sector. For industrial workers data came from Ministerio de
Trabajo (1927, 1931), which shows the wage per hour (in pesetas)
for workers with different skills employed in industry in Spain at
the provincial level.13 The source consistently reports the fol-
lowing job categories: skilled workers (male and female),
unskilled workers (without gender differentiation) and appren-
tices (male and female). Each of these categories covers a number
of occupations that vary depending on the province and the
industry.14 Fortunately, and although for simplicity we consider
average wages, the source reports wage information for different
occupational categories within each task and industry.15 There-
fore, it is likely that the skill differentiation was given by the
presence of specific skills and not by the execution of different
tasks, which would reduce the informative potential of the skill
premium calculated using wages from different occupations.

Thus, this characteristic of the source allows us to overcome
two important limitations in the calculation of the skill pre-
mium (Kunst et al. 2022): the possibility of capturing changes in
returns to tasks possibly non‐monotonic in levels of education;
and the possibility of capturing returns to skills not related to
educational performance, which is a factor to be taken into
account in contexts such as the one at hand, with a formal
educational system that was still in a very primitive phase.
Thus, the category of skilled workers included supervisory jobs
or those that required specific skills, such as masters (maestros),
supervisors (supervisores) or foremen (capataces). On the other
hand, the category of unskilled workers included positions such
as assistants (ayudantes), guards (guardas) or clerks (mozos)
who, presumably, did not provide any particular qualification or
specialization in the execution of the tasks. On the other hand,
agricultural wages came from Bringas (2000), who collects the
average male daily wages (in pesetas) paid in the different
Spanish provinces from official sources.16

Being the variables described so far the main variables of
interest in our work, the analysis we carry out also requires a
series of variables that are used as controls. On the one hand,
we take the total population of each province, which allows us

to approximate labor abundance, and, on the other, we also
consider population density. In both cases the demographic
information was obtained from the respective Population Cen-
suses (1860, 1900, 1910, 1920, and 1930), while the provincial
area to compute population density came from the Instituto
Nacional de Estadística (INE). Finally, we construct a variable
to capture possible differences in educational infrastructure,
which allows us to take into account the existing diversity in
terms of primary education supply between Spanish provinces.
For this purpose, the indicator chosen is the ratio of the total
number of schools, both public and private, over the school‐age
population, for which we consider children aged between 6 and
14 years. While the population data came, once again, from the
respective Population Censuses, the data referring to schools
was obtained from different official education statistics.17

Table A1 in the Appendix provides information on these vari-
ables as well as the sources from which they are drawn.

4 | Human Capital and Market Access:
Background and Preliminary Evidence

To understand the differences in education between regions we
first need to examine the regulatory framework for primary
education in Spain in 1860, which was the result of a long
gestation process that culminated in 1857 with the passing of
the Public Instruction Act (PIA), also known as the Moyano
Law. This regulated the Spanish education system from 1857 to
1970, when it was replaced by the General Education Act
(GEA).18 This framework organized the education system, set-
ting out its stages and establishing the content of each subject. It
also listed the obligations that fell to families (the schooling of
their children) and municipalities (the opening of schools and
their conservation).

Primary education was split into elementary (elemental) and
higher (superior) education (Art. 1), with a curriculum being
established for both. At the same time, primary education
would become “compulsory for all Spaniards” (Art. 7) between
the ages of 6 and 9, and free for those whose parents or
guardians could not afford it (Art. 9).19 Thus the Moyano Law
aimed to give structure and organization to every level of edu-
cation. Nevertheless, public schools, that is, those that were
“fully or partly maintained by public funds or by religious or
other similar foundations” (Art. 97), continued to be the
responsibility of local councils and religious organizations.

Certainly the provision of education infrastructures in 1860 was the
responsibility of the municipalities and its funding was expected to
come from these entities and families and, to a lesser extent, from
secular or religious foundations. It has been argued that in this
period the financial difficulties experienced at the local level would
have made it difficult to produce substantial improvements in
school provision (Núñez 1991). Hence the Moyano Law of 1857
could not break the secular trend, and as a result literacy levels
tended to improve more in those places where they were already
high in the mid‐19th century (Beltrán Tapia et al. 2021).

Then, from the mid‐19th century and during the early twentieth,
the Spanish economy and society underwent a number of
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important changes, including rapid population growth and
increasing structural transformation (Pérez Moreda et al. 2015;
Prados de la Escosura 2017). It was in this context of far‐reaching
socioeconomic change that the Royal Decree of 18 April 1900
created the Ministry of Public Instruction and Fine Arts, and this
was followed 2 years later by the central government taking over
the funding of primary education. Overall, during this period,
primary education ended up reaching, to a greater or lesser ex-
tent, most of the territories, so that the extension of the network
and of the school supply would have reduced the differences in
the cost to acquire education. In relation with Redding and
Schott's (2003) model, this supply‐side argument would comple-
ment the main idea of their theoretical model, that is, that the
demand for education at the intrahousehold level will be deter-
mined by the evolution of the skill premium and by the fact that
an increase in wages in areas with greater access to markets will
offer relatively higher wages for skilled workers which wll be an
incentive to invest in education.

Given the virtual absence of public funding for education and
the limited development of the Spanish economy, it is under-
standable that education levels were very low at the beginning
of the period under study and that, in addition, there was much
regional variation in the provision and demand for schooling
(Núñez 1992). On the one hand, Table 1 shows that the male
literacy rate in Spain was just 41.7% in 1860.20 On the other, as
Figure 3 illustrates, regions in the center‐north of the country,
such as Castile‐Leon, Cantabria, the Basque Country, La Rioja
and Navarre, had the highest levels of male literacy in the mid‐
19th century. At the other extreme were the southern regions,
that is, Andalusia, Extremadura, Castile‐la Mancha, Murcia and
Valencia, along with those in the north‐west of the peninsula, in
Galicia, for example.21

Male literacy rates improved over the period studied. By 1900
they had increased to 57.0% for the country as a whole and
would continue growing to reach 81.9% in 1930.22 However, this
improvement was not equally distributed across the country. To
begin with, the spatial patterns identified for male literacy rates in
1860 simply became more pronounced during the final decades of
the century. It appears that the Moyano Law of 1857 was unable
to iron out the pre‐existing imbalances in education infrastructure
endowments. Indeed, it could be argued that the opposite was
true. Regional differences were stronger or more obvious at the
turn of the century and regional disparities were still sizeable in
1930. The image of literacy rates in 1900 had evolved towards a
clear north‐south divide, with the northern provinces moving
towards universal literacy and the southern provinces continuing
at levels which were sometimes below 60%.

These results of the evolution of literacy show that the effec-
tiveness of the school was different between the north and the
south of Spain, which could be explained by different idiosyn-
cratic characteristics, be they cultural, social or territorial
(Beltrán Tapia and Martinez‐Galarraga 2018; Reher 2023). The
social attitude towards education and culture, especially in the
rural contexts that were the majority in Spain at the time, has
been recurrently pointed out as one of these factors. In these
circumstances there could be a lack of incentives or even a
rejection of school or culture in general, whether due to mere
ignorance, lack of opportunities for social mobility or the
opportunity cost generated by the possibility of resorting to
child labor, a situation which could have generated a phe-
nomenon of spatial inequality of opportunity in access to the
educational system (Insa‐Sánchez 2024). We intend to deepen
into this line of argument by incorporating an economic

TABLE 1 | Literacy rates (over age 10), Spain.

Male Female Total

1860 41.7 11.9 26.5

1900 57.0 33.3 44.7

1910 62.7 42.2 52.0

1920 69.6 52.6 60.7

1930 81.9 65.2 73.3

Source: Population censuses.

FIGURE 3 | Male literacy rates, 1860–1930. Source: Population

censuses. [Color figure can be viewed at wileyonlinelibrary.com]

8 Journal of Regional Science, 2025
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explanation: the importance of access to markets and the evo-
lution of wages.

In addition, the spatial patterns and evolution of the male
ABCC indexes are shown in Figure 4. As explained, the first
available year in this case is 1877. Generally speaking there
tends to be a geographic core, namely the center and center‐
north, where literacy was relatively high and age‐heaping
practically non‐existent. By 1930, the lower male ABCC indexes
were still mainly concentrated in south‐eastern (and north‐
western) Spain.

In turn, the maps in Figure 5 show the geographical pattern of
regional accessibility and how it evolved from 1860 to 1930.23

Throughout this period Barcelona had the greatest market
potential, and therefore the maps are expressed in relation to
this province. The evidence shows that the most significant

changes in the relative accessibility of the provinces occurred in
the second half of the 19th century in parallel with domestic
market integration. A centrifugal tendency can be seen as the
geographical structure evolved towards a clear division between
inland and coastal provinces, with the latter showing a higher
market potential than their inland counterparts, with the sole
exception of Madrid. It could be hypothesized that the expan-
sion of the railway network—all provincial capitals were con-
nected to the network by 1901—was responsible for much of
the change in the pattern of market potential. Once this dual
structure had taken shape at the end of the 19th century, the
division between inland and coastal provinces persisted over
the first few decades of the 20th.

Now that all the main variables have been presented, the next
step is to perform a preliminary exploratory approximation to

FIGURE 4 | Male ABCC index, 1877–1930. Source: Beltrán Tapia

et al. (2022). [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 | Market potential, 1867–1930 (Barcelona = 100).

Source: Martinez‐Galarraga (2014). [Color figure can be viewed at

wileyonlinelibrary.com]
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discover whether there is a relationship between provincial
differences in market access and the pronounced regional var-
iability in literacy rates. First of all we present non‐parametric
evidence as to the existence of a relationship between the rel-
ative market potential and provincial male literacy rates
(Figure 6). These graphs show how the male literacy rate varies
across the market potential distribution for five different defi-
nitions of market access: total market potential, total market

potential excluding self‐potential, domestic market potential,
domestic market potential excluding self‐potential and foreign
market potential.

In Figure 6, all the male literacy/market potential pairs from 1860
to 1930 are considered in a pool (taking into account the lagged
market potentials in t − 1). The graphs show a similar picture: the
higher the market potential, the higher the male literacy rate. This
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FIGURE 6 | Non‐parametric relationship between male literacy rates and different measures of lagged market potential (1860–1930). Source: see
text. [Color figure can be viewed at wileyonlinelibrary.com]
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increasing relationship holds for all the market potential measures,
although in the case of foreign market potential the relationship
shows an inverted U‐shaped pattern for some values. Overall, we
can conclude that there was a positive relationship between market
potential and male literacy rates in the period considered.24

Nevertheless, this is only a preliminary descriptive analysis for
illustrative purposes, as these graphs represent the unconditional
relationship between literacy rates and market potential. The rest
of the paper presents the results of an analysis that explores this
relationship following a sounder theoretical and empirical method.

5 | Market Access and Educational Attainment

In the parametric analysis we make use of the panel structure of
our data to, first, test for the existence of a relationship between
market potential and male literacy rates at provincial level.
Following Redding and Schott (2003) and Fallah et al. (2011),
given that the proportion of the literate population is bounded
between 0 and 1, we use a logistic transformation of the literacy
rates. We then estimate a model in which the male literacy rate
is regressed on the market potential for the previous period:25







literacyrate

literacyrate
α β MP X

T φη ε

ln
1 −

= + ln( ) + Γ′

+ Π′ + + ,

it

it
it it

it i it

−1 −1
(10)

where our main explanatory variable is MPit−1, that is, the lagged
market potential. While t represents our benchmark years (1860,
1900, 1910, 1920, and 1930), i denotes the provinces (I = 47
provinces). As stated earlier, we consider five alternative mea-
sures of market potential corresponding to its different compo-
nents: total market potential, domestic market potential, foreign
market potential and a version of total market potential and
domestic market potential that exclude each province's self‐
potential. By excluding the self‐potential from the market
potential variables we seek to reduce some endogeneity concerns.

Then, Xit−1 is a vector of additional (lagged) control variables at
provincial level that represent factors that could attract skilled in-
dividuals or impose restrictions on the provision of primary edu-
cation (Fallah et al. 2011). As explained in the data section, we
consider both the province's total population (as a measure of labor
abundance) and its population density. Both variables are obtained
from the respective population censuses. On this subject, the his-
torical literature on primary education in Spain has shown that
there is a positive link between population size and education levels,
pointing to a relationship between the legal framework of school
supply, which favored its spread across more populated areas, and
the presence of economies of scale in education provision
(Frago 1990; Pérez Moreda 1997; Reher 1997; Núñez 2003). It has
also been suggested that the costs associated with primary educa-
tion are higher in rural contexts with sparse populations, where
literacy rates are consistently lower, than in urban contexts, where
there would be more demand for skilled work and the provision
costs would be lower. To capture differences in education infra-
structure between provinces, we also include as a control variable
the ratio of the total number of schools, both public and private,
over the school‐age population (6–14 years) (Díez‐Minguela
et al. 2023).26 Finally, ηi denotes provincial fixed effects (FE) to

control for other provincial characteristics not accounted for in the
specification (e.g., first‐nature causes and geography) andTit is a set
of province‐specific time trends ( ⋅ TimeProvincei

n
i t=1

−1 ) that
capture the particular behavior of the provinces in our panel over
time27. εit is the error term. Robust standard errors are clustered by
province. Table 2 shows the descriptive statistics for the variables
used in this study.

Some endogeneity concerns may arise because an important com-
ponent of Harris’market potential function is the contribution of its
own GDP to the potential of region i (self‐potential) and, as men-
tioned above, the provision of education infrastructures in 1860 was
the responsibility of the local authorities. It could therefore be ar-
gued that those regions with higher GDP (and higher market
potential) would spend more on education and thus have higher
literacy rates. To address this, first, all explanatory variables are
lagged one period to mitigate any direct endogeneity between the
dependent and independent variables. In addition, as explained, we
consider our market potential measures excluding self‐potential,
which should avoid any possible simultaneity problems. Finally, to
tackle any potential endogeneity concern we estimate Equation (10)
using both panel FE and instrumental variables (IV).

Columns 1–5 in Table 3 report the results of the panel FE estimates.
The coefficient of market potential is positive and significant at a 1%
level for all five different measures of market potential, indicating
that greater market potential is associated with higher literacy rates.
Moreover, the estimated coefficients across the alternative defini-
tions of market potential are quite similar, which suggests a con-
sistent relationship between market potential and education.
Columns 6–10 of Table 3 present the IV (2SLS) results.

To deal with any potential endogeneity issues, we need to find
variables that were not influenced by the basic literacy skills of the
population but which did have an impact on market potential. The
instruments considered for the market potential variable are the
infrastructure stock (Herranz 2005b) and knowledge capital, mea-
sured as the number of patents per capita (Sáiz 2005), both in logs.
The infrastructure stock is measured in 1890 constant pesetas and
includes different kinds of infrastructure: railways, tramways,
roads, ports, telegraph and telephone, energy distribution net-
works, urban infrastructure and hydraulic works. Several of these,
particularly those related to transport, have a clear impact on
market potential through transport costs. None, however, are
directly linked to the education system. Notably, the infrastructure
stock considered here focuses exclusively on economic infra-
structure, deliberately excluding social infrastructure—that is,
assets that enhance social welfare, such as educational and health
facilities (Herranz 2005b).

One might argue that the expansion of infrastructure could also
influence human capital accumulation through mechanisms
beyond market access, such as capital flows and internal migra-
tion between regions. However, historical evidence indicates that
infrastructure growth was not directly associated with increased
capital flows or regional migration. Prados de la Escosura and
Rosés (2010) identified distinct phases of capital accumulation
over the long term: an intense expansion from the 1850s to the
early 1880s, followed by a deceleration until World War I. Capital
accumulation then resumed briskly in the 1920s, only to
be disrupted by the early 1930s. Rather than infrastructure

11

 14679787, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jors.70020 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [18/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



improvements, some scholars have pointed to institutional
factors—such as the liberal regulatory framework and varying
monetary policy regimes—as key determinants of capital flows in
the Spanish context (Betrán and Pons 2022). With regard to
migration, Rosés and Sánchez‐Alonso (2004) argued that internal
migration played a limited role in Spain until the early 20th
century, consistent with the broader pattern observed in Southern
European, Latin countries. It was not until the 1920s that a sig-
nificant rise in internal migration occurred, largely driven by
economic forces (Silvestre 2005; Pons et al. 2007).28

The patents per capita variable, measured as the number of pa-
tents per 100,000 inhabitants, is a proxy for the stock of knowledge
capital, which is a production factor that directly affects regional
performance, usually through productivity gains (Ottaviano and
Pinelli 2006). This is a valid instrument for us to use because of the
strong external dependence of the Spanish innovation system.
Therefore, foreign patents dominated throughout the period, so
the impact of changes in national literacy rates should not be
significant. Using Spanish patent records from 1882 to 1935, Ortiz‐
Villajos (2005) finds that Spanish applicants obtained roughly 30%
of all the patents granted in 1882 and 54% in 1935. Individual
applicants were the most numerous patentees, although compa-
nies increased their share from 8.2% of all patents in 1882 to 41.6%
in 1935. Of these business patents, a large proportion (68.2%) went
to foreign companies. This makes sense given Spain's technolog-
ical backwardness compared to other European countries: 19th‐
century Spain had comparatively low levels of education and
technology (Ortiz‐Villajos 2005).

These two variables are used to instrument the five definitions
of market potential. Table 3 also shows some statistics from the

first‐ and second‐stage regressions that indicate that our
instruments perform well, since the F‐test takes high values and
all models pass the overidentification test (Hansen J statistic)
for any level of significance. The weak instrument hypothesis is
rejected using the Stock–Yogo test and the model passes the
underidentification test at any significance level in all cases.29

Furthermore, the main result holds in the IV regressions, given
that the estimated coefficients of the market potential variables
remain positive and significant, although they are slightly
higher than those obtained in the panel FE regressions.

We carry out two robustness checks. First, to consider possible
gender differences in education levels, we estimate Equation
(10) using the total (including both males and females) instead
of just the male literacy rate. Table 4 reports the results. Both
the panel FE and the IV estimations yield very similar results to
those obtained using the male literacy rate. Again, the effect of
market potential on education is positive and consistent across
the different definitions. The estimated coefficients are almost
identical to those reported in Table 3. Furthermore, results
unreported here show that, when considering the female liter-
acy rate as the dependent variable, the coefficients are closely
aligned with those reported in Tables 3 and 4.

Second, we consider an alternative measure of basic human capital
that potentially captures numeracy levels based on age‐heaping
methodology, as mentioned earlier (Beltrán Tapia et al. 2022). We
then rerun Equation (10) using numeracy (ABCC index for males)
instead of literacy rates as the dependent variable. Table 5 shows the
results. Again, we find a positive and significant effect of market
potential on education that is consistent across the different defi-
nitions. The main differences are that, first, the magnitude of the

TABLE 2 | Descriptive statistics.

Variable Mean Standard deviation Minimum Maximum

Male literacy rate 65.90 21.91 21.67 99.75

Total literacy rate 54.19 22.68 13.51 99

ABCC index 92.81 4.73 79.15 99.30

Market potential 1105.30 1088.61 61.78 6358.05

Market potential without self‐potential 867.95 834.89 53.92 3394.69

Domestic market potential 609.45 513.82 58.52 4293.33

Domestic market potential without self‐potential 372.10 235.46 49.66 1160.18

Foreign market potential 495.85 754.83 3.26 2851.61

Labor abundance 405884.50 228507.30 96385 1800638

Population density 47.69 36.91 12.52 233

Educational infrastructure per 1,000 inhabitants 9.14 4.09 3.24 20.28

Infrastructure stock 71.35 46.48 4.69 384.44

Patents per capita 79.67 146.53 0.41 1000.58

Share of manufacturing in total employment 0.12 0.07 0.02 0.52

Share of population over regional population 0.32 0.29 0.06 1

Industrial skilled wage 0.71 0.24 0.33 1.33

Industrial unskilled wage 0.47 0.16 0.20 0.95

Agrarian wage 0.40 0.19 0.13 1.08

Source: See text and Table A1 in the Appendix.
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estimated effect is smaller given that the estimated coefficients for
the market potential variables are lower than those obtained in
Table 3, and second, in this case there are substantial differences
between the panel FE and IV estimates, since the IV estimated
coefficients (columns 6–10) are approximately half the panel FE
estimates (columns 1–5). Nevertheless, although the magnitude of
the effect is different, the main result holds, given that we obtain a
positive and statistically significant effect of market potential in all
cases.

6 | Exploring the Economic Mechanism: Market
Access and the Skill Premium

Redding and Schott (2003) theoretical model shows the existence of
a positive relationship between market potential and human cap-
ital accumulation, in which the mechanism that would explain that
relationship would be the skill premium. This aspect of the
Redding and Schott (2003) model is expanded by Fallah et al.
(2011), who provide an NEG model to explain wage differentials
using market access. Their theoretical framework establishes a
structural relationship between nominal skill premium and market
access given the location of economic activities. Intuitively, a
region's improvement in market access would increase the size of
production sectors characterized by monopolistic competition, thus
increasing the demand for skilled workers in those sectors. The
other sectors of the economy, which operate in a context of perfect
competition, cannot release more skilled workers. Thus the wages
of skilled workers in the monopolistic competition sectors increase
while unskilled workers’ wages decrease, bringing about an
increase in the skill premium. Considering that both these sectors
of the economy are located in different spatial settings and char-
acterized by different economies of scale and transportation costs,
the movement of workers from one to another, which according to
the model would be caused by a positive shock to market access,
ultimately provides a theoretical mechanism to explain the spatial
location of economic activity.

While Fallah et al. (2011) tested this theoretical mechanism
using a cross‐section of US cities in 2001, here we take advan-
tage of our historical dataset to estimate a panel data model,
although the sample period (1910–1930) is shorter than in
previous sections because of limitations in wage data availa-
bility.30 As explained in the data section, we use data for skilled
industrial workers (obreros cualificados), unskilled industrial
workers (peones) and agricultural workers (Ministerio de
Trabajo 1927, 1931; Bringas 2000). Figure 7 shows the skill
premium between skilled industrial workers and agricultural
workers (skill premium 1), the most closely related measure to
Redding and Schott's (2003) theoretical model, while Figure 8
shows the skill premium between skilled and unskilled indus-
trial workers (skill premium 2).

At first glance the maps in Figures 7 and 8 present a complex
picture. On the one hand, it is difficult to detect a clear geo-
graphical pattern in the spatial distribution of the skill premium,
while on the other, extracting any conclusions from the changes
observed between 1910 and 1930 does not appear straightforward.
Therefore, to further examine this regional variation and assess
the relationship between market potential and the skill premium,
we estimate the following panel data model:

wage skilled wage unskilled

α β MP X T φη ε

ln(   ) − ln(   )

= + ln( ) + Γ′ + Π′ + +

it it

it it it i it−1 −1

(11)

where the term on the left‐hand side is the wage differential
across two different skill groups (skilled and unskilled) measured at
provincial level, and the variables on the right‐hand side are those
used in Equation (10). Again, the main explanatory variable is
the lagged market potential MP( )it−1 , for which we use the five
different definitions, and Xit−1, ηi andTit are respectively the vector
of additional (lagged) control variables, the provincial fixed effects
and a set of province‐specific time trends.

While Fallah et al. (2011) reported only OLS estimates, en-
dogeneity remains a potential concern in this context. To mit-
igate this issue, all explanatory variables are lagged by one

FIGURE 7 | Skill premium 1: skilled industrial workers v. agricul-

tural workers. Source: Ministerio de Trabajo (1927, 1931) and Bringas

(2000). [Color figure can be viewed at wileyonlinelibrary.com]
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period, and we also consider alternative versions of the market
potential measure that exclude self‐potential. Nevertheless, to
more directly address potential endogeneity, we estimate
Equation (11) using instrumental variables (2SLS). However,
the instruments employed in the previous analysis are not
suitable here, as both infrastructure stock and knowledge cap-
ital may influence the skill premium via their effects on labor
productivity. Consequently, it is necessary to identify instru-
ments that affect market potential but are not themselves in-
fluenced by the skill premium. The instruments used for the
market potential variable are the share of manufacturing in
total employment and the ratio of provincial population to the
population of the corresponding NUTS2 region.

Population—whether in relative or absolute terms—is fre-
quently used as a proxy for market potential (Black and
Henderson 2003; González‐Val et al. 2017). The importance of

the manufacturing sector is also clearly related to market
potential. However, whether these two variables are indepen-
dent of the skill premium is open to debate. Two key aspects of
Spanish economic history, however, help justify their use as
instruments: the limited internal migration affecting population
distribution until the 1920s, and the dominance of the agri-
cultural sector, which reduces the potential impact of shifts in
manufacturing employment on the skill premium.

As noted earlier, interregional migration rates remained low in
Spain until the 1920s. Rural‐urban wage differentials were modest,
a factor that may have prevented the emergence of higher migra-
tion rates. Even after the increase in internal migration during the
1920s, its effect on wage convergence has been shown to be
insignificant (Rosés and Sánchez‐Alonso 2004; Silvestre 2005). In
terms of employment distribution across sectors, agriculture
remained dominant well into the 20th century. As late as 1910,
approximately two‐thirds of the labor force was employed in
agriculture (Harrison 1990), while manufacturing accounted for
only about 9% of total employment (Tirado and Martinez‐
Galarraga 2008). Although industrialization gained momentum in
the early 20th century, industrial activity became increasingly
concentrated in just two regions—Catalonia and the Basque
Country—while central and northwestern regions underwent
progressive deindustrialization. These two industrial regions alone
accounted for over 61% of total employment in key industrial
sectors such as metallurgy, engineering, chemicals, and textiles
(Tirado et al. 2002; Rosés 2003). As a result, excluding Catalonia
and the Basque Country, most regions exhibited low values for our
instrumental variable and experienced limited variation over time.

Table 6 reports the results of the panel IV estimations for both
skill premia. Formal overidentification tests (Hansen test)
support the validity of the instruments.31 Furthermore, the
Stock–Yogo test rejects the weak instrument hypothesis, and
the model consistently passes the underidentification test at all
conventional significance levels. We obtain a positive and sig-
nificant effect of market potential (regardless of its definition)
on the wage differential between skilled and unskilled workers.
In other words, greater market access was associated with
higher wages for skilled workers compared to unskilled work-
ers. Furthermore, the magnitude of this effect is consistent
across the different versions of market potential, though it is
larger and more statistically significant in the case of skill
premium 1.

Since the variables are in logarithmic scale, the estimated
coefficients can be interpreted as elasticities. Specifically, a 1%
increase in market potential is associated with a 0.375% increase
in skill premium 1 (column 1) and a 0.115% in skill premium 2
(column 6). Alternatively, the estimates imply that a one stan-
dard deviation increase in market potential is associated with a
0.274 increase in the log wage gap between skilled industrial
and agricultural workers (equivalent to a 1.03 standard devia-
tion increase in the dependent variable), and a 0.084 log point
increase (or approximately 8.4%) in the wage gap between
skilled and unskilled industrial workers (equivalent to a 0.73
standard deviation increase). These results suggest that market
potential had a substantially stronger effect on the skill pre-
mium in historical Spain than what Fallah et al. (2011) found
for modern US metropolitan areas (more than double the

FIGURE 8 | Skill premium 2: skilled industrial workers v. unskilled

industrial workers. Source: Ministerio de Trabajo (1927, 1931). [Color

figure can be viewed at wileyonlinelibrary.com]
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relative impact). This likely reflects stronger mobility con-
straints, higher returns to industrial skills, and more segmented
labor markets in early twentieth‐century Spain.

These results thus show the existence of a positive effect of
market access on the skill premium, as predicted by Redding
and Schott's (2003) model and empirically tested by Fallah et al.
(2011) in their study at the level of US cities in 2001. However,
once the existence of this effect has been proven for Spain in the
early stages of economic development, there continues to be a
missing link. To close the circle, we still need to analyze
whether the higher skill premium in those areas with better
access to markets in turn translated into a greater accumulation
of human capital. In our case, testing for the existence of this
relationship between the skill premium and literacy rates is
complicated. On the one hand this is because data availability
restricts our period of study to only two decades (1910–1930)—
which means we do not have a sufficient number of
observations—and on the other, because human capital accu-
mulation is not a rapid process and takes time.32

7 | Semiparametric Analysis

Given the difficulty of estimating the relationship between the
skill premium and human capital accumulation parametri-
cally, as in previous exercises, on this occasion the study fol-
lows another approach based on a semiparametric analysis to
examine possible nonlinearities in the relationship between
market potential and the skill premium, but also between
market potential and the human capital indicators. A para-
metric specification, such as those in Equations (10) and (11),
implies strong assumptions. It imposes a particular structure
on the underlying relationship between the variables (that
may not reflect the true underlying relationship), and the
coefficients are not allowed to change over provinces (the
relationship is restricted to being stationary over the entire
structure of the distribution of the market potential variable).
This assumption can be problematic if the effect of market
potential varies along the distribution, a possibility that cannot
be ruled out a priori. For example, Fallah et al. (2011) found
that in US metropolitan areas, market potential primarily
increased the wage premium between medium‐ and low‐
skilled workers, with effects concentrated in the lower half of
the wage distribution.

To overcome these limitations, Durlauf (2001) suggested the
use of semiparametric methods. This approach allows us to
tackle the possible nonlinear effect of the market potential on
the different dependent variables in a more flexible way. For
instance, the standard correlation index and the coefficients
from parametric regressions give us only an aggregate average
relationship between variables, and this relationship is
restricted by the fact that it must remain unchanged through
the entire distribution of the market potentials. In contrast, the
semiparametric estimate allows the relationship to vary with
market potential over the entire distribution, allowing for the
linear effects of other conditioning variables.

We perform a semiparametric analysis using the kernel regression
estimator (Robinson 1988). The semiparametric specification of

the model shown in Equation (10), relating literacy rates to
market potential, is:







literacy rate

literacy rate
α f MP X

T φη ε

ln
1 −

= + ( ) + Γ′

+ Π′ + + ,

(12)

in which, for the sake of clarity, we drop the subscripts it . The
model contains a linear part including the vector X of (lagged)
control variables (the province's total population, its population
density, and a measure of the educational infrastructure), pro-
vincial fixed effects (η) and a set of province‐specific time trends
(T ). The difference with the parametric model is ∙f ( ), a smooth
and continuous, possibly nonlinear, unknown function of the
market potential. ε is a random error term.

Robinson's approach is a two‐step methodology. First, the linear
coefficients (Γ̂′, Π̂′, and φ̂) are estimated by applying a proce-
dure similar to that whereby variables can be partialed out of an
OLS regression (but using nonparametric regressions). Second,

a kernel regression of ( )ln X T φ η− Γ̂′ − Π̂′ − ˆliteracy rate

literacy rate1−
on

market potential is carried out. In both stages, a Gaussian
kernel‐weighted local polynomial fit is used for kernel
regressions.

The analogous semiparametric model to assess the relationship
between market potential and the skill premium is:

wage skilled wage unskilled α f MP

X T φη ε

ln( ) − ln( ) = + ( )

+ Γ′ + Π′ + + .
(13)

Graphs (a) to (d) in Figure 9 show the nonparametric part of the
estimation, including the 95% confidence bands33. These graphs
show the nonlinear relationship between total market potential
and different dependent variables considered in our previous
analysis: male literacy rates, male ABCC index, and the two
skill premia34. Graphs (a) and (b) confirm the positive rela-
tionship between market potential and the human capital
measures, thus supporting the results obtained in the parame-
tric analysis reported in Tables 3–5. The larger the market
potential, the higher it is its positive impact on literacy rates and
ABBC index. Although this relationship does not seem very
different from a straight line, the Hardle and Mammen's (1993)
specification test, whose null hypothesis is that parametric and
nonparametric fits are not different from a statistical perspec-
tive, confirms the significant nonlinear relationship in all cases.

Regarding the skill premium, graphs (c) and (d) in Figure 9
show a U‐shaped pattern. While the relationship is increasing
for most of the market potential distribution, in the left‐side
distribution, for the smallest values of market potential, the
relationship between market potential and the skill premium is
negative. These observations correspond to landlocked interior
provinces but which had a relatively high skill premium,
although no clear pattern emerges as to whether this is due to
high skilled wages or low unskilled wages. However, the figures
confirm the positive relationship between market potential and
the skill premium for most of the market potential distribution.

19

 14679787, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jors.70020 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [18/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



That is, for medium and large market potentials, the larger the
market potential, the higher it is its positive impact on the skill
premium in either of our two definitions.

Overall, once these links are established, the exercises carried out
show that the different levels of market access in Spanish prov-
inces would explain the variation observed in the skill premium
in the period before the Civil War, and on the accumulation of
basic human capital in the form of higher literacy rates.

8 | Concluding Remarks

The existence of notable differences between regions is one of
the most striking elements of the economic growth processes in

developed and developing economies. The NEG is a conceptual
framework that has made it possible to obtain a well‐founded
explanation for the generation of regional inequalities in par-
allel with the advance of technological change and market
integration, which are the drivers of economic development in
societies. However, making the connection between the gen-
eration of regional inequalities in the early stages of the eco-
nomic development processes and their persistence over time
requires us to establish links between NEG literature and eco-
nomic growth theory.

While endogenous growth theory indicates that differences in
the rates of human capital accumulation could be at the root of
the different growth paths followed by countries or regions, the
work of Redding and Schott (2003) bridges these two strands of

FIGURE 9 | Semiparametric relationship between market potential and the different dependent variables. (a) Male literacy rate. (b) Numeracy

levels (ABCC index). (c) Wage skilled industrial workers v. wage agricultural workers. (d) Wage skilled industrial workers v. wage unskilled

industrial workers. Notes: Semiparametric estimates and 95% confidence bands. Dependent variable: (a) logistic transformation of the male literacy

rate, (b) logistic transformation of the male numeracy levels (ABCC index), (c) ln(wage skilled industrial workers)—ln(wage agricultural workers),

and (d) ln(wage skilled industrial workers)—ln(wage unskilled industrial workers). The linear part of the model includes control variables (labor

abundance, population density, and educational infrastructure, all in logarithmic scale), provincial fixed effects and province‐specific time trends.

Robust standard errors clustered by province. [Color figure can be viewed at wileyonlinelibrary.com]
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the literature. These authors show that, because of the higher
trade costs its companies have to bear, countries on the
periphery of the world economy cannot adequately remunerate
the domestic factors of production, in particular skilled work-
ers. The theoretical model they present therefore suggests that
remoteness has a negative effect on the skill premium (it does
not substantially increase), which discourages the accumulation
of human capital. The result is that countries with lower market
access have lower levels of educational attainment, and this
hinders the economic development of peripheral countries.

To advance in the study of this hypothesis, in this paper we use
the case of Spain during the early stages of the economic
development process to analyze whether or not a relationship
exists between regional variability in market access and edu-
cation levels. This, in turn, would act as an explanatory element
for the consolidation of diverse growth paths between regions.
The results obtained allow us to confirm not only the hypoth-
esis put forward by Redding and Schott (2003) but also the
presence of a mechanism that—along the lines proposed by
Fallah et al. (2011)—relates the provinces’ market size to their
production specialization and human capital accumulation, this
mechanism being regional differences in the returns on
investment in education.

Thus our findings show that in the case of Spain between 1860
and 1930, those provinces with the greatest market potential
would have recorded greater specialization in those production
sectors that call for more intensive use of human capital. In a
context of reduced worker mobility between regions, they
would also have offered greater remuneration to qualified
workers, thus enabling a higher skill premium. Given these
conditions, the presence of increasing returns on economic
activities requiring intensive use of human capital in their
production processes would make it possible to connect market
access and the unequal distribution of activity in territories (as
suggested by the NEG) to the appearance of significant gaps in
human capital accumulation rates and in the growth trajec-
tories of the Spanish regions (as suggested by endogenous
growth theory).

Acknowledgments

The authors would like to thank the Bank of Spain and the FBBVA for
their financial support through the “Research Grant Programme in
Macroeconomics, Monetary, Financial and Banking Economics, and
Economic History” and the “Grant Programme for Scientific Research
Teams in Digital Humanities,” respectively. Financial support from the
Spanish Ministry of Science and Innovation, projects PGC2018‐
095821‐B‐I00, PID2020‐114354RA‐I00, PID2021‐127636NB‐I00 and
PID2023‐147822NB‐I00 (MCIU/AEI/FEDER, UE) and contract FPU18/
01210; the Gobierno de Aragón (SR39_23R, ADETRE Research Group);
and the Generalitat Valenciana (AICO/2020/2017, PROMETEU/2020/
83 and CIPROM/2023/39) is also gratefully acknowledged. Earlier
versions of this study were presented at the XIV Labour Economics
Meeting (online), XLVII International Conference on Regional Science
(Granada), 25th INFER Conference (València), Iecon Economic History
Seminar (Montevideo), International Meeting on Education, Develop-
ment, Human Capital between the 19th and 20th Century: a European
Perspective (Sassari), 70th North American Meetings of the Regional
Science Association International (San Diego), XXXII Meeting of the
Economics of Education Association (València), 94th Annual Meeting
of the Southern Economics Association (Washington DC) and the 32nd

APDR Congress (Porto). The authors would like to thank the partici-
pants for their comments, as well as the anonymous referees and the
editor for their suggestions.

Endnotes
1See Rosés et al. (2010, pp.245–246) for a detailed account of the
integration of the Spanish market between 1860 and 1930.

2In particular, it fits the dynamics behind the model proposed by
Fujita et al. (1999), on which the work by Redding and Schott (2003)
is based.

3In the Spanish case, interprovincial migrations only reached note-
worthy size in the 1920s and were mainly associated with movement
towards Madrid and Barcelona (Pons et al. 2007).

4In the case of wages, the information is restricted to the years 1910,
1920, and 1930, as will be explained later.

5According to calculations made by Herranz (2005a), haulage costs in
1878 fell by up to 86% thanks to the introduction of the railway.

6This methodology has repeatedly been used in economic history:
Wolf (2007) analyzed Poland after WWI, Crafts and Mulatu
(2005, 2006) studied Britain, and Klein and Crafts (2012) applied the
approach to examine the manufacturing belt in the US between 1880
and 1920. Betrán (2011) also analyzed the Spanish case in the long
term at regional NUTS2 level.

7Spain is divided into 50 provinces. However, in constructing the
market potential variable we excluded the three non‐mainland
provinces from the analysis, and thus we work with a total of only 47
provinces.

8On the issue on female age heaping, see also Földvári et al. (2012)
and Blum et al. (2017). A critique of the use of age heaping as an
indicator of numeracy in A'Hearn et al. (2022).

9“Despite the fact that we bring theory to empirical implementation
in a structural way, the ‘correct’ measure of market potential actu-
ally underperforms the atheoretical Harris (1954) measure” (Head
and Mayer 2004).

10See Martinez‐Galarraga (2014) for a detailed description.

11This is why the first year for which we have information for this
variable is 1867. This has a historical logic due to the fact that the
first basic stage in the construction of the country's rail network had
been completed by 1866, joining up the major cities and centers of
economic activity. We take the 1867 market potential calculations
for the 1860 benchmark.

12In this case, due to data availability, the data set for wages begins
in 1910.

13For 1910 we take the data corresponding to 1914.

14We have decided not to use the category of apprentices because, due
to their nature, it is likely that in many cases these were contractual
relationships with a strong training‐oriented component. Thus, it is
likely that reported wages did not really reflect the real remunera-
tion of work. In addition, it is important to bear in mind that wo-
men's participation in the labor market at the time was very limited
and was circumscribed to very specific sectors and under a very
marked tutelage of the male gender. These occupations generally
required little training, which is why their salaries are systematically
lower than those of men (Sarasúa 1997; Vilar 2004). For this reason,
our analysis considers exclusively the data relating to male
categories.

15See Ministerio de Trabajo (1927: xviii, 1931: xxviii) for the procedure
used to obtain average wages by industry and province.

16These daily wages are then converted to hourly wages assuming 10 h
of work, as is usual for this period in the literature (Prados de la
Escosura 2017). The absence of data on agricultural wages in 1920
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for the provinces of Pontevedra and León has been offset by inter-
polating the values provided in Bringas (2000) for 1919 and 1921 in
these provinces.

17Anuario Estadístico de España of 1860, the Anuario Estadístico de
Instrucción Primaria 1900‐1901, the Estadística Escolar of 1908, the
Estadística de Escuelas Nacionales of 1923 and the Anuario Esta-
dístico de España of 1930 (Díez‐Minguela et al. 2023).

18Successive changes were nevertheless introduced during the
113 years that the PIA remained in force. Compulsory education, for
example, initially from ages 6 to 9, was extended to age 12 in 1909
and age 14 in 1964.

19The compulsory nature of education was not absolute, since pupils
could ask to be excused when they were “sufficiently provided with
this type of education in their homes or in a private establishment”
(Art. 7). And to obtain free elementary education, it was necessary to
provide a “certificate issued by the relevant parish priest and endorsed
by the town mayor” (Art. 9).

20Female literacy, on the other hand, was only 11.9%. Taken as a
whole, of a total population of almost 16 million in Spain it is esti-
mated that only 26.5% could read and write in 1860.

21The provincial distribution of female and total literacy rates between
1860 and 1930 can be seen in Figures A.1 and A.2 respectively, in the
Appendix.

22In 1930 the female literacy rate was 65.2% and total literacy
was 73.3%.

23In Figures A.3 and A.4 in the Appendix we include information on
the geographical distribution of domestic and foreign market
potential respectively.

24If we consider the ABCC index as the human capital indicator, the
results are analogous to those obtained with the male literacy rates (see
Figure A.5 in the Appendix). Graphs using total and female literacy
rates are also similar. These are available from the authors on request.

25If instead of using lagged values we take contemporaneous values of
market potential—as Redding and Schott (2003) did—we obtain
similar results. These are available from the authors on request.

26In this respect, we have carried out the exercises using different
measures for educational infrastructure. Thus, we have considered
only the number of public schools, the number of schools per capita
and, finally, the number of pupils per school, an indicator that might
be closer to approximating the quality of education. In all cases, the
results obtained are analogous.

27To adjust the time trends to the structure of our panel, we have
defined them as 1860:1, 1900:5, 1910:6, 1920:7, 1930:8.

28In an alternative specification we also considered migrations. We
therefore re‐estimated all the models, including the migration rate
by province (Silvestre 2005) as a control variable. However, this
variable was not significant in any case and for this reason we
decided not to include it in our main specification. Given that the
coefficients for the other variables barely change when the migration
rate is included and we pass all the tests for the IV regressions, we do
not think that there is a selection bias problem. We are grateful to
Javier Silvestre for kindly sharing migration data with us.

29Scatter plots of the residuals from the non‐instrumented regression
versus each instrument may complement formal overidentification
tests, as emphasized in Angrist and Pischke (2009). In our case, they
show no systematic relationship between the residuals and the
instruments, as evidenced by approximately horizontal trends in all
cases, supporting the fulfillment of the exclusion restriction. These
residual plots are available from the authors on request.

30We therefore focus on the years 1910, 1920, and 1930.

31Again, non‐reported plots of the residuals from the non‐
instrumented regression versus each instrument show no systematic

relationship between the residuals and the instruments. These plots
are available from the authors on request.

32This problem could be solved by extending the study period beyond 1930
so as to try to capture the positive effect of the skill premium in 1910 on
the literacy rate several decades later. However, taking literacy beyond
1930 into account is not without problems in the Spanish case. First,
because 1940 is an exceptional year given the impact of the Civil War
(1936–39), and second, because from 1950 onwards the variation in lit-
eracy rates is considerably smaller, especially in the northern part of the
peninsula, an area that was very close to universal literacy at that time.

33Estimations of the linear part of the model are not shown. These
linear coefficients are consistent with those reported in Tables 3–6,
although there are slight differences. These results are available from
the authors on request.

34The results obtained considering the alternative definitions of mar-
ket potential are similar. These results are available from the authors
on request.
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Appendix A
Table A1, Figure A1, Figure A2, Figure A3, Figure A4, Figure A5.

TABLE A1 | Variables and sources used.

Variable Secondary source Primary source

Male literacy rate Beltrán Tapia et al. (2022) Population Censuses (1860, 1900, 1910, 1920, 1930)

Total literacy rate Beltrán Tapia et al. (2022) Population Censuses (1860, 1900, 1910, 1920, 1930)

ABCC index Beltrán Tapia et al. (2022) Population Censuses (1860, 1900, 1910, 1920, 1930)

Market potential Martinez‐Galarraga (2014) See text

Labor abundance — Population Censuses (1860, 1900, 1910, 1920, 1930)

Population density — INE and Population Censuses (1860, 1900, 1910, 1920, 1930)

Educational infrastructure Díez‐Minguela et al. (2023) Anuario Estadístico de España (1860), Anuario Estadístico de Instrucción
Primaria (1900‐1901), Estadística Escolar (1908), Estadística de Escuelas

Nacionales (1923), Anuario Estadístico de España (1930)

Infrastructure stock Herranz (2005b) —

Patents per capita Sáiz (2005) —

Share of manufacturing in total
employment

Tirado and Martinez‐
Galarraga (2008)

Population Censuses (1860, 1900, 1910, 1920, 1930)

Share of population over regional
population

— Population Censuses (1860, 1900, 1910, 1920, 1930)

Industrial skilled wage — Ministerio de Trabajo (1927, 1931)

Industrial unskilled wage — Ministerio de Trabajo (1927, 1931)

Agrarian wage Bringas (2000) —
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FIGURE A1 | Female literacy rates, 1860–1930. Source: Population
censuses. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE A2 | Total literacy rates, 1860–1930. Source: Population

censuses. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE A3 | Domestic market potential, 1867–1930 (Barcelona =

100). Source: Martinez‐Galarraga (2014). [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE A4 | Foreign market potential, 1867–1930 (Barcelona =

100). Source: Martinez‐Galarraga (2014). [Color figure can be viewed at

wileyonlinelibrary.com]
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FIGURE A5 | Non‐parametric relationship between the male ABCC index and different measures of lagged market potential (1860–1930).
Source: see text. [Color figure can be viewed at wileyonlinelibrary.com]
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