
Revista de Historia Económica / Journal of Iberian and Latin American Economic History
(2025), 1–31
doi:10.1017/S0212610925100657

ART ICLES /ART íCULOS

Closing the price gap – Von Thünen applied to wheat
markets in 18th century Spain

Alexandra L. Cermeño1 and Carlos Santiago-Caballero2

1Department of Economic History, Lund University School of Economics and Management, Lund,
Sweden and 2Department of Social Sciences, Universidad Carlos III de Madrid, Getafe, Spain
Corresponding author: Alexandra L. Cermeño; Email: alexandra.lopez_cermeno@ekh.lu.se

(Received 11 December 2023; revised 28 October 2024; accepted 16 December 2024)

Abstract

The literature suggests that several factors, including trade costs, influence price formation. However,
testing this hypothesis requires rich data, usually unavailable from historical sources. We use a large
cadastre from 1749 to analyze wheat price formation in the Crown of Castile in the mid-18th century.
We follow the logic of Von Thünen’s isolatedmarkets, which closely resemble historical Spanish grain
markets. We show and measure how trade costs heavily determine wheat prices. Accounting for spa-
tial autocorrelation, we observe important spatial effects around the capital. We divide the sample
between the interior and the periphery, showing that determinants of price formation do not work
well around Madrid, suggesting that the political intervention of grain markets around the capital
acted as a potential significant disruptor.
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Resumen

La literatura sugiere que diversos factores, incluidos los costes comerciales, influyen en la forma-
ción de precios. Sin embargo, comprobar esta hipótesis requiere datos exhaustivos, generalmente no
disponibles en fuentes históricas. Utilizamos un amplio catastro de 1749 para analizar la formación
de precios del trigo en la Corona de Castilla a mediados del siglo XVIII. Seguimos la lógica de los mer-
cados aislados de Von Thünen, que se asemejan mucho a los mercados históricos de grano españoles.
Mostramos y medimos cómo los costes comerciales determinan considerablemente los precios del
trigo. Considerando la autocorrelación espacial, observamos importantes efectos espaciales en torno
a la capital. Dividimos la muestra entre el interior y la periferia, mostrando que los determinantes
de la formación de precios no funcionan adecuadamente en torno a Madrid, lo que sugiere que la
intervención política en los mercados de grano en torno a la capital actuó como un posible factor
disruptivo significativo.
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1. Introduction

Long-run Europeanmarket integration is described as increasing price integration starting
in the late 15th century, slowing down at the beginning of the 17th century, and accel-
erating after the Napoleonic Wars in response to trade liberalization and globalization
(Federico et al., 2021). The latest research posits that the process in the European grainmar-
ket was gradual and mainly pre-industrial. Some optimistic scholars identify an “emerging
integrated European wheat market” in the 18th century; however, there seem to be sig-
nificant regional differences to support the Little Divergence between a rapidly advancing
Northwest and the rest of theContinent beginning in the seventeenth century.1 TheSpanish
case fits well with this description.

Spanish markets were not optimal despite being one of the world’s greatest imperial
powers at the time and the weak performance of Spanish agriculture in the early mod-
ern period has been seen as one of the roots of her economic underperformance.2 In the
18th century, price volatility in Spanish cities was considerably larger than in theirWestern
European counterparts. In contrast, although higher than previously described by the lit-
erature, economic integration levels seemed to be lower than inWestern Europe.3 Scholars
have identified several features that explain these inefficiencies to determine regional price
gaps.4 Some of these features are exogenous to the economic system, resulting from sub-
optimal natural endowments such as rugged terrain or the lack of natural transportation
systems like navigable rivers. Poor transportation infrastructures, like roads and canals,
and institutional fragmentation have also been suggested as a potential culprit for the poor
functioning of the Spanishmarket. Themore extensive availability of aggregated historical
records in the main cities has led research on Spanish market integration to focus on price
differences between large urban centers.5 Therefore, scholars tend to analyze price gaps
between urban markets, failing to properly account for a large share of the population and
economic activity in rural areas. This is crucial not only because that setting ignores a large
part of the population but also because it prevents taking into account the supply side of
the market. This paper aims to tackle this issue by exploring how the hinterlands interact
with their local urban market and neighbors by studying the regional price differences of
wheat.

Cities were vital players within Spanish markets.6 They had a solid economic and insti-
tutional power, especially in the Crown of Castile, where they enjoyed better political
representation than rural areas. A distinctive characteristic of Spanish cities intensified
the influence of urban centers: their authority usually went beyond their walls, dominat-
ing large areas in their hinterlands until these rights collided with those of a neighboring
city (Ringrose, 1996: 448). This tight economic and institutional control of their hinterlands
was independent of their size or status, making them the backbone of Spanish life and
constituting them in what Grafe defined as urban republics (Grafe, 2012: 166). Therefore,
cities dominated not only urban activities but also rural economies in a straightforward

1 See (Dobado-González et al., 2012; Federico, 2007, 2012; Federico et al., 2021). In a similarway, (Chilosi et al., 2013)
found that North Western Europe was more integrated than the rest already in the early seventeenth century.

2 See Álvarez-Nogal et al. (2016) and Prados de la Escosura, Álvarez-Nogal, and Santiago-Caballero (de la Escosura
et al., 2021).

3 See Llopis et al. (Llopis Agelán et al., 2009:59) for price volatility and Llopis Agelán and Jerez Méndez (Llopis
Agelan and Méndez, 2001:58) and Federico et al. (Federico et al., 2021:18) for integration.

4 Grafe (2012), Reher (2001:563), Chilosi et al. (Chilosi et al., 2013:58).
5 See for instance Llopis and Agelán and Jeréz Méndez (Llopis Agelan and Méndez, 2001), Reher (2001) or Grafe

(2012).
6Werefer to cities and townswith the indistinct nameof cities, as our definition is purely structural as explained

in the data description our definition of urban centers includes a total of 43 cities and smaller towns.
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way. Urban centres’ control over their hinterlands was reinforced by high transport costs
derived from natural factors like challenging geography, lack of navigable rivers, and
poor infrastructure to compensate for these natural handicaps. The most immediate and
expected consequence was that long-distance trade of commodities like grain was rare,
with distances rarely covering more than 100 km (Llopis Agelán and López, 2005: 231).7

This implied that most grain exchanges occurred within relatively short distances and that
urban markets were limited to the closest city for most producers.8

However, other institutional factors influenced regional markets. The clearest example
in the Crown Castile was Madrid, the geographical and political center of the country. The
effects of the capital were visible in large areas of the interior, which also affected the mar-
kets created around the neighboring cities. Consequently, market forces around Madrid
worked differently than in the coastal periphery as political interventions also influenced
them (Ringrose, 1996: 337). The situation in the periphery was different, as the economic
influence of Madrid did not reach them as easily as the regions in the interior. Although the
relevance of the capital is a well-established fact in the literature, quantifying its disruption
on market forces, especially beyond the city walls, is an issue that has not been adequately
tackled.

This paper will analyze spatial price formation at the municipal level in the Crown of
Castile in the mid-18th century. Based on the previous description of the historiography
of how grain markets operated in modern Spain, we present a model of multiple price
equilibria based on wheat local demand and supply conditions that follow the logic of Von
Thünen’s isolated markets (Von Thünen, 1826). We use this model to analyze spatial price
formation because, as described in the following section, it seems to reflect how much
of the grain domestic markets operated in modern Spain, where the cities played a key
role, exerting a significant influence over their surrounding areas. Scholars in the market
integration literature trace this back to Cournot’s model of production competition from
1838 (Cournot, 1989), yet still today find gaps to capture all the dimensions of the matter
(Federico, 2012). One of the gaps found in the literature is the analysis of trade costs across
space. Although scholars argue that these have decreased over time (Dobado-González et al.,
2012), exceptionally detailed data are needed to study them. This methodological approach
on howprices formed around cities in their rural hinterlands in preindustrial times has also
been used for other countries in recent studies that identify the closest urban market as
the most reasonable and probable market for rural agrarian producers (Kopsidis and Wolf,
2012; Martinelli, 2014; Cermeño and Enflo, 2019). However, although all of these influential
studies have assumed the existence of the same theoretical framework on the formation of
prices, to our knowledge, no study has ever checked its existence with empirical evidence.
The high granularity of our data and the inclusion of rural areas allow us to evaluate the
validity of one of the main theoretical assumptions of the model suggested by von Thünen
for the first time in the literature.

This paper attempts for the first time to empirically approach the study of the role of
trade costs on price formation using rural–urban price gaps instead of distant pairs of urban
markets. Our setting explores prices as an ancillary means to achieve an optimal distribu-
tion of goods based on local supply and demand conditions, as Samuelson (1952) defined.
This characterization relies on the fact that prices across space only differ as much as trade

7 Cermeño and Enflo (2019) show that preindustrial markets usuallymattered to the parishes in the hinterlands
up to 50 km.

8 Ringrose explains how although in the 16th-century economic exchanges between cities in the interior were
common and also put in contact local producers with national and even international consumers, markets became
more local in the eighteenth century with exchanges between cities becoming less common (Ringrose, 1996).
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costs do (i.e., the law of one price holds, at least loosely). We attempt to analyze the spa-
tial distribution of prices and the realization of the law of one price, which, as Samuelson
phrased himself, has been “so neglected in economic theory that the field is of interest for
its own sake” (Samuelson, 1952: 284). Although other analyses have also tried to approxi-
mate trade costs across time (Volckart, 2006), in our paper, we intend to do it only across
space.

We can do so using a dataset with an unprecedented level of detail. Our original dataset,
extracted from archival sources, consists of a cross-section of wheat prices across 5,176
municipalities inmid-18th-century Spain that we can use to infer price gaps between urban
markets and their rural hinterland. We test the price differentials across space against var-
ious variables measuring trade costs using Ordinary Least Squares and adjust for spatial
interactions using Spatial Auto-Regressive models. The dataset gives us a static view of
prices at an unprecedented level of detail; however, we cannot speak about market effi-
ciency sincewe observe only one point in time.We find that ease of access to urbanmarkets
not only reduced price gaps in rural areas, but also indicate important spatial effects that
bias our estimates if they are unaccounted for. Splitting the sample between the core and
the periphery, we find that prices around Madrid are formed differently and that there
are strong spatial effects around the capital. This could result from disrupting institutional
interventions in the grain markets around the capital. In contrast, municipalities closer
to the coast with easier access to foreign markets and more difficult to control by the
government seem more affected by trade costs.

The paper includes several contributions to the literature. Firstly,wefill a gap in themar-
ket integration literature by exploring for the first time howprice gaps in thewheatmarket
behave across contiguous municipalities instead of across distant markets, with a focus on
the gaps between the urban centres and their rural hinterlands, being this a completely
different approach to the study of gaps between urban markets available in the literature.
This is possible thanks to the rich granularity of our data. Secondly, we demonstrate that
datasets like ours, containing spatial information on prices, could suffer spatial autocor-
relation problems that could bias the results. We also show that these effects do not have
to be present in all the samples and can vary regionally. Thirdly, the overall good fit of our
model suggests that a theoretical framework on price formation based on von Thünen’s
isolated markets seems appropriate for the functioning of grain markets in eighteenth-
century Spain. To our knowledge, it is thefirst time that this basic principle onvonThünen’s
model on how prices form around the central urban markets, widely used in the literature,
is, in this case, successfully put to the test.9 Fourthly, we provide quantitative proof that
market costs do not seem to play a role on price formation around Madrid as much as in
the periphery, a fact that we believe provides new quantitative evidence of a nature that
does not exist in the literature to the disrupting role of the capital in the grain markets
around it. Finally, we do all this by presenting an exceptional historical database of grain
prices collected directly from primary sources at a municipal level, an outstanding level
of detail never explored before that we believe provide researchers with new quantitative
historical evidence from archival sources at high granularity level that is presented on this
paper for the first time.

The text proceeds by reviewing the literature explaining how grain markets operated in
modern Spain. In the following section, we introduce our data sources. We later explain our
methodology and report the main results, and the final section concludes.

9 In this sense, our data allows us to check the way in which the differences between farm gate prices and the
central prices set at urban markets depend on trade costs.
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2. Grain markets in 18th century Spain

Grains were the most important commodity traded in early modern Spain, and wheat
occupied a privileged position. Although in areas of the north other cereals were more rel-
evant in terms of consumption (Barquín, 2011), although not being the dominant cereal
in regions of the north, its generalized cultivation in the whole country and its relevance
as a staple consumption commodity for most of its population, explain its importance. In
modern Spain, wheat could represent up to 40% of the supplies of a municipality (González
Enciso, 2008:25). The main role played by wheat in the Spanish economy and in the histor-
ical sources explains why an overwhelming share of the literature on historical economic
integration in Spain has focused on wheat prices.10

If wheat trade dominated the Spanish domestic market, internal trade was a phe-
nomenon done by and for the cities (González Enciso, 2008:21). However, high transport
costs favoured the existence of local markets in the case of commodities with a low value in
terms of weight or volume (Llopis Agelán et al, 2009:57). The most immediate and expected
consequence was that long-distance trade of commodities like grain was rare, with dis-
tances rarely coveringmore than 100 km (Llopis Agelán and López, 2005: 231).11 This implied
that most grain exchanges occurred within relatively short distances and that urban mar-
kets were limited to the closest city for most producers.12 Under this framework, it is not
surprising to observe that Spanish cities presented a higher volatility of their wheat price
series than similar counterparts in Europe, something that was probably also the case for
the rest of the Spanish cities (Llopis Agelán et al, 2009:59). Therefore, long distance trade
of grains naturally occurring within the market within Spain was rare and, under normal
circumstances, the commercialization of wheat was restricted to nearby areas as it was a
grain that was widely cultivated in almost all the country (González Enciso, 2008:25).13

Due to the natural economic barriers to long-distancewheat trade, cities in Spain tended
to obtain grain from their surroundings through the market. However, they sometimes
imposed rules and regulations on the countryside under their jurisdictions (de Castro
Monsalve, 1984:353). Their authorities were also able to impose regulations on the rural
areas in their surroundings, including the supply of basic commodities (Marcos Martín,
1994: 201). Therefore, cities clearly appeared as the main actors of the domestic market in
modern Spain, exerting rights within their jurisdictions and, as described earlier, defining
a domestic trade system where the existence of local markets that worked within a certain
commercial unity within them prevailed (González Enciso, 2008:32).

A clear exception to this general pattern of domestic wheat tradewas the capital, Madrid
which due to its fast demographic growth reached more than 140,000 inhabitants by 1757
(Ringrose, 1983:28). The local authorities on many occasions with the help of the central
government had to rely on suppliers that reached distances that were only possible thanks
to the subsidies to cover the high transport costs. This was possible, thanks to the existence
of the two main instruments that civil authorities had to intervene in the wheat market, a
system of price controls (tasa de granos) and the pósitos. The tasa de granoswas a price control

10 See for example Reher (2001), Llopis Agelán and Sotoca (Llopis Agelán and López, 2005) or Llopis Agelán and
Jerez Méndez (Llopis Agelan and Méndez, 2001).

11 Cermeño and Enflo (2019) show that preindustrialmarkets usuallymattered to the parishes in the hinterlands
up to 50 km.

12 Ringrose explains how although in the 16th-century economic exchanges between cities in the interior were
common and also put in contact local producers with national and even international consumers, markets became
more local in the 18th century with exchanges between cities becoming less common (Ringrose, 1996).

13 This does not mean that trade between cities within specific regions could take place. As Llopis Agelán and
JerezMéndez (Llopis Agelan andMéndez, 2001) show in the case of old castile. Our results also suggest the existence
of regionalmarketswhere the spatial integration of prices seems to be clear, although these regionalmarkets seem
to be isolated within the country.
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mechanism where the government established a maximum price, or tasa, for wheat, which
existed in the Crown of Castile since the 16th century. The tasa showed little change during
the 17th and the 18th centuries, increasing from 18 reals per fanega in 1605 to 28 reals
in 1699. The other significant change in 1699 was that, until then, direct producers such as
peasants selling their harvests could sell at higher prices, but they could not do so from1699
onwards. However, although the tasa was relatively well respected by some ecclesiastical
institutions in the mid-18th century, it was unsuccessful in the rest of the market (Llopis
Agelan and Méndez, 2001).

The Pósitos were institutions created in Spain whose existence can be traced back to the
14th century, and theirmainmissionwas to ensure a grain supply at times of scarcity for the
areas where they operated. They could have a public nature, usually controlled by munici-
pal governments, or private ones, very often under the control of the church, and operated
both in urban and rural areas (Prado-Lorenzo et al, 2017:31). As explained earlier, the level
of fulfilment of the tasa as amechanism to control prices was very low. The real power of the
pósitos, especially in urban areas, relied on the right that they had to purchasewheat paying
the legal tasawhen themarket prices were higher, having even the authority to register and
seize grain (de Castro Monsalve, 1984:351). However, although they increased significantly
in number in the third quarter of the 18th century, only the largest urban pósitos could have
a visible effect on the market. The reason was that they usually ran into deficits; therefore,
only those with enough financial muscle behind them could operate in times of particular
hardship when needed the most (Llopis Agelan and Méndez, 2001:54).

Within the wide network of rural and urban pósitos, the one in Madrid played a par-
ticular role in the grain markets of Castile. As explained earlier, a pósito’s ability to operate
dependedon its financial backup from the local governments or theprivate institutions that
were responsible for them. In this sense, the pósito ofMadrid not only had the support of the
largest municipal government of Spain, but also of the central government. Madrid hosted
the royal court, and avoiding subsistence revolts in Madrid became a priority for the crown
(Llopis Agelán et al, 2009:49). The interventionism of the pósito of Madrid in the internal
grain markets increased during the eighteenth century, in many cases with the help of the
civil and ecclesiastical authorities in other provinces to make purchases in provinces like
Salamanca, Palencia or Leon hundreds of kilometers away (de Castro Monsalve, 1984:356).
In addition to its financial capacity, the pósito of Madrid had to cover the population of the
country’s largest city, being responsible for large interventions in themarket that increased
its ability to affect the market. The benefits that Madrid and its pósito enjoyed for political
and demographic reasons, and the difficulties found in the pósitos of the other cities of the
Crown explain why the later did not seem to play a significant role in the alteration of
the grain markets in Castile before 1765, while the effects on the prices of Madrid seem to
be clearer (Llopis Agelan and Méndez, 2001:57). This explains why even when the pósito of
Madrid had priority over any other pósitos to purchase grain in times of scarcity, there are
not relevant reports of such conflicts arising (de Castro Monsalve, 1984:353). The strength
of Madrid is also reflected by the fact that it was around the capital where the level of ful-
filment of the tasa, often consequence of the purchases of its pósito, were higher (Llopis
Agelán et al, 2009:49). The interventionism of the civil authorities in Madrid was not only
restricted to the sales of wheat but also included other products like bread. Since at least
1581, the municipalities around the capital were forced to provide an amount of bread to
Madrid known as pan de registro. This policywasmaintained until 1758, using a distance that
increased its radius over time to cover more locations (de Castro Monsalve, 1984:354). The
effects in the capital were clear, where prices between the periods 1740–48 and 1792–1800
increased by 25%, 26%, and 32% less than in Toledo, Seville or Palencia, respectively (Llopis
Agelan and Montero, 2011:300).
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Therefore, after reviewing how grainmarkets operated in eighteenth-century Spain, we
decided to use a model that puts the cities in the center of the market and allows them to
exert a certain level of market power over their surrounding areas. In this sense, the best
approach would be the theoretical framework based on Von Thünen (1826). We must be
clear that by this we do not mean that the wheat trade only occurred in the cities, as it
is obvious that there were also exchanges between smaller locations. However, when mod-
elling an economy as we try in this paper, we have to choose a theoretical framework that is
as representative of reality at the time. We believe that the evidence presented in this sec-
tion by the existing literature supports that domestic trade in Spain was, at least in general,
done by and for the cities (González Enciso, 2008:21).

However, within this theoretical framework, the role played by Madrid as a disruptor
of grain markets in Castile, well highlighted by the literature, deserves particular atten-
tion. The lines above describe in detail the different ways the local and central authorities
intervened in the wheat market and also present estimations of how these interventions
moderated inflation in the capital. Llopis et al. (Llopis Agelán et al, 2009:57) point out that
Madrid was a break for the integration of markets. At the same time, Gonzalez Enciso
(González Enciso, 2008:21) argued that the city’s growth forced its authorities to purchase
grain in distant markets that were dismantled by the influence of Madrid. Our data allow
us to go one step beyond the existing literature to understand and measure the relevance
of Madrid as a market disruptor. In our case, the granularity of our dataset will allow us to
examine how price formation in the surrounding areas of the cities worked and if, in the
case of Madrid, we find a different pattern from the one existing in the rest of Castile.

3. Sources and data description

Themain historical source used in this paper is the Cadastre de la Ensenada. The Cadastrewas
a monumental work carried out during the reign of Fernando VI, whose main purpose was
to estimate wealth for introducing a new tax, the única contribución (single tax), to finance
the increasing expenditures of the monarchy. The tax had to be paid by each municipality
in the Crown of Castile, and the estimation of the exact amount to be paid was based on
the location’s wealth and a set of objective criteria.14 For that purpose, an army of some
1,000 judges and 90,000 local experts was mobilized to measure every plot of land, count
every tree andmeasure thewealth of every eligible family to pay to the Crown. A significant
share of the enormous amount of documentationproducedduring theprocess has survived,
putting at the disposal of researchers a unique source for the study of eighteenth-century
Spain.

Two main items, including socioeconomic information, are the “particular” and the
«general» answers. The particular answers include the most detailed microeconomic doc-
umentation, containing information at family level including names, income, properties,
credits, etc. The general answers, on the other hand, were similar to the Domesday Book, and
include the answers that local officials gave to a questionnaire sent by the civil authorities.
Therefore, the Catastro is one of the most important and reliable sources of information
to understand the economic reality of the mid-18th century. However, it only provides
a snapshot of the time when it was carried out. Economic historians have extensively
used its richness, including the monumental compilation of Matilla Tascon in 1947 (Matilla
Tascón, 1947). Similarly, Vilar (1966) identified the Catastro as a unique source for study-
ing the socioeconomic structure of Castile in the mid-eighteenth century. This example

14 Although the Basque Regions were part of the Crown, they were not included in the Cadastre as they had a
special taxation system.
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was followed by other studies like those by the Grupo 75 (1977) to estimate income lev-
els in Castile. Agrarian historians quickly saw the potential in the Catastro and new studies
with usually a local or regional scope appeared including among many others the works
by Donezar (de Ulzurrun and Javier, 1984) for Toledo, Garcia Sanz (García Sanz, 1986) for
Segovia, Mula Gomez and Gris Martinez (Gómez et al, 1988) for Lorca, and Pezzi Cristobal
(1997) for Velez-Malaga or Lanza Garcia (García, 2008) for Cantabria.15

In our case, we consulted the Respuestas Generales, which, as explained earlier, were
included in individual manuscripts for each of the municipalities surveyed and included
aggregated information for the whole location. The main information we extracted from
the Cadastre books is the price of wheat at the municipal level. To our knowledge, this is
the most extensive database of prices at such a detailed level. We measure regional price
gaps for each municipality and its closest urban market (city). We consulted 5,271 munic-
ipal manuscripts, which contained information on prices and local units of measurement
of grain in the Cadastre.16 We discarded the municipalities that could not be matched and
mapped with contemporary maps (a total of 108) because they merged, changed borders,
or changed names radically. Our final sample consists of 5,163 municipalities, represented
in Figure 1.17

As explained earlier, the local experts in each municipality had to fill in a questionnaire
that was later reported to the government. We obtained the price of wheat in each munic-
ipality from the answers given to question 14, where the experts had to include a list of
the prices of the main items produced or consumed in the place. To avoid the effects of
short-term fluctuations in the price of agricultural products, the experts had to send the
average price of each item in the previous 5 years, a procedure thatminimizes the effects of
volatility in our sample.18 However, the units ofmeasurement included in the Cadastrewere
not homogeneous between municipalities. The local authorities reporting the information
recorded key variables like quantities or surfaces employing themeasures historically used
in their corresponding regions. Although themonetary unit was common (reales), the units
used to measure the amounts were not always the same. To standardize the dataset, we
used the information contained in the answers to question 9 of the report, where the local
experts had to describe the units of measurement that they used in their municipality and

15 For a good description of the Catastro see Camarero Bullon (Camarero Bullón, 2002). For other examples of
case studies and the use of the Catastro to measure the agrarian sector see de la Torre Briceño (1992) for Alcala de
Henares, Calvo Alonso (1999), Bejarano Rubio and San Feliciano Lopez (Bejarano Rubio and San Feliciano López,
1999) for Salamanca or Muñoz Navarro (Muñóz Navarro, 2010) for Requena.

16 Manuscript books with the general answers can be found in the Respuestas Generales del Catastro de Ensenada

and accessed at http://pares.mcu.es/Catastro/ A list with all the included municipalities can be found in the
Supplementary Appendix.

17 Figure 1 and the subsequent maps are not historical maps but graphical representations of the data on con-
temporary boundaries. We acknowledge that the map is not a completely accurate historical picture since many
locations may have changed borders or names since the Cadastre was published. Hence, we take the 5,163 munici-
palities that persist in the same province with the same name to have a somewhat persistent location since there
is no evidence against this. To ensure that our results are not artificial, we have conducted this analysis again after
dropping neighbors in the 25 km buffer of the 108 municipalities that did change the name. This avoids areas that
may be too different since the Cadastre (even if, on many occasions, a name change was purely aesthetic). This
exhaustive analysis leaves us with around half of the sample (2,762municipalities) that have the same name in the
same province and are far enough from places that changed. The results using that sample are remarkably similar.

18 Studies have shown that medium-run averages can be an advantage because weather shocks are smoothed
out to a large extent (Albers and Pfister, 2021). Hence, although our dataset reports the prices reported by the
municipalities in one year, they have been already smoothed out to adjust forweather shocks using 5-year averages
by the local experts at the time. A fanega is equivalent to a Spanish bushel, which is a measure of volume of dry
goods equivalent to 55.5 l.
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Figure 1. Municipalities included in the sample.

their equivalent to common capacitymeasures like fanegas, fromwhere we standardized all
the variable Price in reales per fanega.

Our main dataset is a detailed account of regional price variations. We use it to compare
municipal prices in each location relative to the closest city, which is their local reference
market. Other scholars have used price gaps to study price convergence (Wolfgang and
Shiue, 2014, 2020; Malinowski, 2019). Other studies have scarce observations over time, for
which they can obtain benefits by comparing bilateral price gaps over different periods.
Given the large number of observations in our cross-section, following this methodology is
difficult (Federico, 2012) and irrelevant.

In our setting, central prices are set in the urbanmarkets, and the hinterlands respond to
those prices based on their relationship to the city (as a provider or consumer) and consid-
ering trade costs, including transport and information costs. Following classicalmarginalist
theory, suppliers or merchants would sell the last bushel by which they got a profit in the
urbanmarket after accounting for the costs of selling it there; otherwise, theywould keep it,
hence defining the price in the hinterlands. Theywould bring it to the closest urbanmarket
without a significant arbitrage opportunity. This setting allows observing price gaps across
adjacent rural municipalities instead of urban markets, capturing the distribution of trade
costs and the rural-urban pattern.

Municipal price gaps relative to the closest urban market can be positive or negative
depending on the municipality´s net trade relationship (whether it is a supplier or con-
sumer); our dependent variable is the absolute value of the price gap between the city and
the municipality, understanding that the closer this gap gets to 0 the closer the connection
of the rural and urban markets. We estimate the price gaps for each municipality as Price
Gapmunicipality = | Pricemunicipality—Pricecity | and use their log as dependent variable in all the
models.

To identify the closest city for eachmunicipality, we need to calculate pairwise distances
fromall the ruralmunicipalities to urban centers.We use the geodesic distance between the
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centers of each polygon and the closest city, acknowledging that some places have better
access than others and that straight lines do not capture the variance in ease of access
from place to place. We separate those effects with additional independent variables such
as ruggedness, distance to the coast, and a set of additional climate controls.19

To explain our regional price variation information, our dataset includes several inde-
pendent variables containing data at municipal and regional levels from historical and
contemporary sources. Asmentioned earlier, the first independent variable included in our
models is the distance to the closest city (km to the city). This variable intends to proxy part
of the transportation costs between the municipality and its nearest urban market. The
most remote municipality is 149 km from the closest local market in the Crown.20 We also
account for geographic variables that could have an impact on transport costs beyond just
distance, such as the distance to Madrid (km to Madrid),21 a coast dummy (4% of our sam-
ple is coastal), or ruggedness, measured as the standard deviation of the elevation within
the polygon, computed using a Digital Elevation Model over Europe from the European
Environment Agency (EEA, 2017), following Nunn and Puga (2012).22

To account for accessibility to road transportation, we also calculated the distances from
the center of each municipality to the closest road available at the time in the variable
kilometer to Road. Most of the roads in the early 18th century were not paved. Dust in
the summer and mud in winter made them impracticable for long periods.23 The improve-
ments in the network during the eighteenth century included transforming old roads into
new ones able to accommodate wagons. Also, they included construction works like the
bridge of Toledo in the capital to connect Madrid with the south of Castile and the large
urban centers of Andalusia. The connections with the north also improved with the works
ordered by Fernando VI, as the new path opened through the mountains of Guadarrama
with the Alto del León. This paved pass was finished in 1749 and connected the capital with
the grain-producing regions of Old Castile. We used the most recent estimations of the net-
work of main roads in Spain at the time presented by Pablo-Martí et al. (Pablo-Martí and
Sánchez, 2021).24 We calculated the shortest straight-line distance from our municipalities
(FigureX 7 in Appendix) to the network. Alternatively, we also use a dummy equal to 1 for
the directly connected municipalities (about 10% of the sample), compared to those that
did not have direct access to the road network at the time. Many of the variables described

19 In an alternative specification, we also included supply and demand controls. The description of these
controls and the models including them can be consulted in the online appendix and do not change our main
results.

20 For comparative purposes, note that Madrid is some 600 km away from Gibraltar and Finisterre.
21 The variable Km to Madrid has further historical and economic implications besides the straightforward

measure of geographic centrality, the specific impact of being close to the main market is further explained in the
“Data Description” section.

22 Earlier versions of this paper discussed the role of navigable rivers and the importance emphasized by lit-
erature (see the case of Germany, for example, discussed by Albers and Pfister, 2021). However, their effect was
irrelevant in our analysis since they are scarce in the Spanish geography and the main roads follow the existing
ones closely.

23 This situationwaswell-known by policymakers, as were their effects on the Spanish economy. The eighteenth
century marked an inflexion point, when investments resumed putting a special emphasis on the use of wagons
instead of backpack animals. Leonardo Ward, an envoy of Carlos III sent to analyze the efficiency of the Spanish
network wrote that: “Six animals can carry more weight in a wagon than twelve on their backs, and in a good road maybe

only four of them are needed … so we can see that the cost of transporting our goods through land can be reduced to one third,

and therefore, the peasant that is 45 leagues away from the sea will have the same advantage than the one that is 15 leagues

away, and it is easy to understand how this would help us to develop our agriculture, commerce and circulationUriol Salcedo
(Salcedo and Ignacio, 1978).

24 Pablo-Martí et al. (Pablo-Martí and Sánchez, 2021) use information based on a combination of digitized
cartographic documents from the 18th century.
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above could also work as proxies for information costs, as information travels more easily
through smaller distances and good transport networks provide additional facilities.25

Besides the measurement of centrality, the variable kilometer to Madrid provides addi-
tional meaning concerning the closeness to Madrid, given its status as the main market in
the Crown’s territory that, as the capital as well as the seat of the Court, had a significant
influence on the markets of the interior. As we explained before, the necessity to feed the
population of Madrid forced the authorities to intervene in the market in several ways that
created asymmetric information and distorted the market. Therefore, we believe that the
distance to Madrid could have influenced how the grain market operated in the eighteenth
century and should be considered an independent factor.

Part of the literature highlights the importance of cultural differences and language bar-
riers (Schulze andWolf, 2009, 2012). The language spoken in the Castile kingdomwasmainly
Castilian, although some territories in the north spoke other languages. Hence, we have
included two simple variables that control for language differences across municipalities.
Thefirst one, Language, is simply a categorical variable that codes the primary language spo-
ken at each municipality at the time, where 0 is Castilian, 1 is Galician, 2 is Astur-Leonese,
and 3 is Basque (less than 20% of the municipalities in the sample municipalities had a dif-
ferent spoken language than Castilian, according to the table). The distribution comes from
Lázaro-Carreter (1949). The second is a dummy variable that captures whether the spoken
language in each municipality differs from the one spoken in the nearest city. Most munic-
ipalities speak the same language as their nearby city (the average value is close to 1). We
have not included more sophisticated measures of language homogeneity because the cul-
ture in the kingdom of Castile was largely homogeneous, with only three more languages
in the sample (one of them very marginally). This way, we can capture cultural differences
from the categorical variable and higher transaction costs when languages and cultures
differ from the second one.

The literature has emphasized the importance of natural variables in Spanish grain pro-
duction (Santiago-Caballero, 2013b). Climatic information for each municipality was also
collected and introduced as controls in our models, including the yearly mean tempera-
ture in degrees Celsius and rainfall levels (liters per km-squared). We used the information
for the 1961–1990 average, the earliest available dataset with data from 90 climatological
stations in Spain (AEMET, 2012). To estimate themost accurate information for eachmunic-
ipality, we provide information from the closest climatological station. We compared the
data from these stations with our earliest estimates for several locations in the nineteenth
century, presenting a correlation of over 95%, suggesting that regional differences in con-
temporary records are a good proxy of historical values, discounting the potential effects of
recent events like modern climate warming.26 In summary, Table 1 presents the descriptive
statistics of our dataset’s available variables.27

Figure 2 presents the geographical distribution of wheat prices in reales per fanega in the
municipalities of the Crown of Castile included in our sample. The highest prices are located
in the northwest of the country, in the region of Galicia, and on the coasts. There are also
highprices in the areas surrounding large urban centers likeMadrid and the regions located
near the coast that were also densely populated. The lowest prices can be systematically

25 Although we do not see reasons for reverse causality between roads and the price gap, we tested the poten-
tial endogeneity of roads using the existence of Roman roads as instrument. The online appendix discusses this
instrument and provides the IV estimations showing robustness in the results.

26 The estimations from the 19th century were extracted from Chapter 1 in Estadisticas Historicas de España,
provided by Carreras (Carreras and Tafunell, 2005).

27 Table A1 in the Appendix provides a description of the correlations between all the variables available in our
study and shows that many of them are highly statistically correlated, which is why not all of them are included
in the regression results that we present in Section 4.
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Table 1. Summary statistics

Variable Count Mean Standard deviation Min Max

Price 5,160 16.7 3.5 9 36

Price gap 5,160 0.12 2.61 −8.5 14

Absolute price gap 5,160 1.8 1.9 0.00 14

Km to city 5,160 48.7 27.7 0.00 149

Km to Madrid 5,160 227 115 0.00 542

Roughness (SD of elevation in metres) 5,160 80.5 85 0.00 863

Km to coast 5,160 175.6 101.7 0.00 363.6

Rain (mm) 5,160 536 275 196 1,909

Km to navigable river 5,160 411 162 0.00 710

Temperature (°C) 5,160 13.1 2.6 6.4 18.7

Km to road 5,160 21.4 30.5 0.00 203.8

Road dummy 5,160 0.1 0.3 0 1

Language category

Castilian (0) 5,160 0.8 0.3 0 1

Asturleonese 5,160 0.1 0.2 0 1

Galician 5,160 0.0 0.0 0 1

Basque 5,160 0.0 0.0 0 1

Different language from city dummy 5,160 0.1 0.2 0 1

Note: This table shows the summary statistics of the dependent, independent, and control variables in our models.

found in the provinces of Old Castile, especially those areas traditionally considered the
granary of Spain, characterized by large plains where the cultivation of grainwas dominant
and that were also able to reap higher yields than most of the country (Santiago-Caballero,
2013a).

Therefore, prices were high in those areas that were more densely populated, like large
cities and the coast, and low in those areas that were the leading grain producers of the
Crown. To check the role played by supply and demand forces, we used the information
from the Censo de Frutos y Manufacturas of 1799. This survey provides information regarding
grain production, population, and prices at a regional level. Figure 3 confirms that the dif-
ferences between supply and demand help to explain the different signs of the integration
clusters. The grain-producing regions of Old Castile that enjoy a clear net wheat surplus
present a lower price than those more densely populated regions where wheat production
was smaller.28

The literature has supported the idea that the wheat from the interior could not
reach the northern coast, where imports from other countries were necessary (Ringrose,

28 Net wheat production was estimated as the production of wheat per head after subtracting the estimated
consumption of wheat per head of the population in the region. Therefore, it can be understood as the surplus
or deficit in wheat production of each province. We assumed an average consumption of six fanegas per person
following Simpson (1989).
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Figure 2. Price of wheat by decile in reales per fanega, mid-18th century. Sources: estimations from the Cadastre
de la Ensenada.

Figure 3. Wheat prices vs net wheat production per head. Sources: calculations from the Censo de frutos y
Manufacturas (Polo y Catalina, 1803).

1983: 178). The same situation is observed on the eastern coast, where imports from
Mediterranean producers like Sicily covered a significant share of the consumption (Ramos
and Miguel, 1977). While most of the wheat surplus produced in Old Castile remained in
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Figure 4. Absolute price gap. Sources: estimations from the Cadastre de la Ensenada.

the same region, lowering prices, the high demand on the coast had to be met by interna-
tional trade. These large price differentials between relatively close regions suggest that
geography could have significantly influenced price differences.

Figure 4 presents the absolute price gap estimated for each municipality as the absolute
difference between the local price of wheat and the price in the closest city.

The analysis of Figure 4 shows that there were clusters where that gap was considerably
higher than the rest of the sample. This is especially clear in the North-East of Madrid,
close to the border with the Crown of Aragon and some areas of Galicia and Asturias on the
northern coast. We also find several clusters of higher gaps, mainly located in Cantabria in
the north, close to the border with the Basque country, and Leon in the northwest, close to
Portugal.

4. Methodology

As explained above, we explore how prices were set around cities in eighteenth-century
Castile and how the variables proxying for trade costs and additional controls explain the
wheat price gap between each municipality and its closest city. Therefore, our model can
be summarized by Equation 1.

Log ∣Price Gapi,c∣ =𝛽0 + 𝛽1Location and Geographyi + 𝛽2Infrastructurei (1)

+ 𝛽3Culturei + 𝛽4Controls i + 𝜀i

We first test a naive model using an OLS regression analysis. Because our data are
geographically detailed, we can analyze the residual component in search of spatial
autocorrelation. After finding an expected high degree of spatial autocorrelation, we
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search for the best-fit model for the spatial component of our data, and we recalibrate
our coefficients using a more sophisticated spatial analysis framework that removes any
bias created by the spatial dependencies. We argue that any unexplained remaining vari-
ance of the price gaps in the spatially adjusted residuals comes from the interaction with
unobservable variables that we cannot measure, such as local or regional institutional
components.

We expect our variables to determine the price differentials, in line with the existing
literature. Consequently, we expect our price gaps to increase with distance, following the
“law of one price.” Geography has been considered one of the main obstacles to economic
integration in preindustrial Spain (Grafe, 2012). Hence, we expect a positive coefficient
related to distance and rugged terrain (remote municipalities will bear higher trade costs
and those that are difficult to access). Access to the coast can also enable trade and cabotage.
For that reason, we expect that proximity to the coast leads to different mechanisms in the
wheat price market (as explained by Grafe, 2012). We expect a reduction in the gap related
to access to infrastructure, as the road network should alleviate transportation costs. In
general, variables that tend to complicate transactions, such as different language barriers,
should also increase the price gaps.

To analyze the potential effect of the seat of the government distorting market forces
in Madrid and its surroundings, we also run the models in two subsamples that split the
municipalities within the boundaries of the centralmarket (Madrid) and those by the coast,
which the literature suggests should have followed different principles. WhileMadrid was a
clearly intervenedmarket (not only being the capital but also the central city andmarket in
the crown territory), the coastal regions were affected by different mechanisms, including
foreign market forces. We present the results of all the previous specifications in the next
section.

5. Results
5.1. Determinants of price gaps

Table 2 below presents the OLS estimation. These initial attempts to find correlations with
the independent variables show that easier access to the urbanmarkets implies a reduction
of the price gap: municipalities far from the local urban market are affected by larger price
gaps. Using a dummy for municipalities integrated into the road network shows that direct
access reduces the gap between the location and the urban market. Rugged terrain also
increases the price gap, potentially due to higher transportation costs, while being closer
to Madrid reduces it.

Finally, the variables measuring cultural differences are also significant. Municipalities
where Galician is spoken show lower price gaps, while those speaking Asturleonese show
higher gaps.29 The positive correlation of the different languages from the localmarket sug-
gests that language/cultural barriersmight have also played a role in increasing transaction
costs.30

However, the nature of the dataset suggests that there are spatial dependencies. Sincewe
have some geographical variables, using local-level observations implies that observations
may share some features due to simple proximity (i.e., if a municipality is close to the

29 In the case of Asturleonese a potential explanation could be that in these areas there was a higher share of
individuals not speaking the language.

30 To enhance the clarity of the main analysis, results from the model incorporating controls for Market
Potential and Soil Suitability are presented in the appendix (Table A2). This supplementary model was introduced
to evaluate potential biases in the estimated coefficients and ensure the robustness of the findings.
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Table 2. OLS coefficients for the log of the absolute value of municipal price gaps

OLS

Variables (1) (2)

Location and geography

Log (Km to city) 0.82*** 0.83***

(0.04) (0.04)

Log (Km to Madrid) −0.42*** −0.42***

(0.14) (0.13)

Log (Km to coast) −0.07 −0.08

(0.01) (0.03)

Log (Km to river) −0.42*** −0.41***

(0.05) (0.05)

Log (Roughness) 0.41*** 0.44***

(0.07) (0.07)

Infrastructure

Log (Km to road) 0.15***

(0.06)

Road dummy −0.37*

(0.23)

Cultural diversity

Language category (Castilian = 0)

Asturleonese 1.08*** 1.35***

(0.27) (0.24)

Galician −1.17*** −1.02***

(0.31) (0.30)

Basque 0.88 0.82

(0.38) (0.38)

Different language from city dummy 2.02*** 1.92***

(0.32) (0.32)

Climate controls YES YES

Residual spatial autocorrelation (Moran’s I) 0.27*** 0.27***

(0.05) (0.05)

Observations 5,160 5,160

R-squared 0.31 0.31

Notes: This table shows the coefficients of OLS regressions for the absolute value of the price gap (1) and (2) and the 2SLS (3) and
(4) respectively for each municipality and its closest city market in the full sample. We control for rain and temperature. All indepen-
dent variables except dummies and Language (categorical) are expressed in logarithms. Spatial diagnostics of the error terms on each
regression are also reported with their standard error and significance. Robust standard errors in parentheses, significance expressed by
*** P < 0.01, ** P < 0.05, * P < 0.1
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Table 3. Spatial diagnostics tests

Spatial lags Spatial errors

Moran’s I 10.43***

OLS over SAR

Lagrange multiplier 20.78*** 27.9***

Robust Lagrange multiplier 7.01*** 14.12***

Maximum likelihood ratio 365.70*** 1057.55***

Notes: This table shows the statistics corresponding to column 1 Table 2 using an inverse weights distance matrix with a cut-off of 150 km
(based on the maximum distance to the nearest city and at least one neighbor for all the municipalities) for spatial dependence in OLS
regression versus a Spatial Lag Model and a Spatial Error Model. The results show evidence in favor of adopting a spatial autoregressive
model. The maximum likelihood ratio tests show evidence that the true data-generation model needs to account for both Lag and Error
spatial autocorrelation. Alternative matrixes have been tested leading to different results but similar conclusions. Statistical significance
denoted by *** P < 0.01, ** P < 0.05, * P < 0.1.

center, its neighbors must also be). There is evidence of this presented in the Appendix,
where Table A3 shows that all the variables in the model exhibit a significantly high degree
of spatial correlation. In fact, the spatial dependence indicator (Moran’s I),shown at the
end of each regression in Table 2, implies that the residuals from all the specifications are
significantly spatially autocorrelated. According to spatial theorists, the cost of ignoring
spatial autocorrelation in our dependent or independent variables is similar to that of an
omitted variable bias (Elhorst, 2010; Greene, 2005: 133), the coefficients of the remaining
variables may be biased and inconsistent.31 Therefore, we argue that these naïve regression
coefficients are biased and need to be incorporated into a regression model that takes care
of these spatial dependencies. Table 3 presents our attempts to fit the model as a Spatial
Autoregressive Model to capture the relationship of price gaps with its determinants, aside
from spatially correlated patterns.32

To account for spatial dependencies, we define a spatial neighboring or weights matrix
representing the gravitational forces between these municipalities. Spatial neighboring
matrixes are usually constructed to capture that nearby elements have a larger effect than
the ones located further away. In our case, we have designed our main matrix so that dis-
tance onlymatters within 150 km (themaximumdistance from any of ourmunicipalities to
the closest city), decreasing its strength by a factor of 2. This is quite a conservative strategy
since there is evidence that exchanges usually happened locally.33

Spatial autocorrelation can affect our regressions in several ways: Firstly, if the depen-
dent variable is spatially autocorrelated, then we need to include the spatial lags of
the dependent variable in the model(Spatial Lag Model -SLM). Secondly, if independent

31 The OLS/2SLS that assumes no spatial dependence would denoted by the equation Y = ;+ βX + ε;
The Spatial Lag Autoregressive model assumes there is autocorrelation in the dependent variable

Y = α+βX + 𝛒WY + ε; the Spatial Error Autoregressive model assumes there is autocorrelation in the indepen-
dent variables, contained in the error term: Y = α+ βX + λ Wu + ε. Both latter equations are special cases of a
more general spatial model named Spatial Durbanmodel which accounts for both kinds of spatial autocorrelation:
Y = α+ ρWY + βX + λWθ + ε.

32 We implement these following Drukker et al. (2013).
33 Note that we have tried this exercise with different distance cut-offs (35 km following Cermeño and Enflo

(2020) and Llopis Agelán and Sotoca (Llopis Agelán and López, 2005), and 50 following the average distance to the
city) finding very consistent results to the ones reported in the current tables. We choose to report the results
coming from the neighboring matrix calculated at a 150 km distance since it is the most exhaustive option.
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variables are spatially autocorrelated, which is basically as if one unobserved independent
variable is contained in the error term—Spatial Error Model. More complicated possibili-
ties may occur in situations where both dependent and independent variables suffer from
spatial dependencies, together with the error term. Spatial econometricians find that a
specification inspired by time series (the Spatial Durbin model) can produce unbiased
coefficients regardless of the model, but at the cost of efficiency if there is no additional
correlation in the error term (LeSage and Pace, 2009). Finding the best way tomodel spatial
interactions is not a straightforward task. While some econometricians prefer to apply a
general-to-specific strategy (OLS without autocorrelation to Spatial Durbin), others advise
the contrary (Spatial Durbin to no spatial effects). We follow the tradition in economic his-
tory, adding restrictions to the simplest specification, which is also Elhorst´s (Elhorst, 2010)
proposed testing for misspecification.

Hence, the first step is to test whether the Spatial Lag or Spatial Error model better
describes the data than our naive OLS strategy. For that purpose, we use the classic and
robust Lagrange Multiplier tests (Anselin, 2022). These tests consider the distribution of
the residuals of the OLS model, which follow a chi-squared distribution with one degree of
freedom. Table 3 shows the spatial diagnostics that compare the performance of the naïve
model concerning a Spatial Autoregressive error and lag model. If the LagrangeMultipliers
are significant, there is evidence that such a model would better fit the data than the OLS.
The Robust Lagrange Multiplier test should unravel the tie if both are significant. From our
results, a statistically significant Robust Lagrange multiplier for the Spatial Lag models but
insignificant for the Spatial Error Model, it is clear that we can discard the Spatial Error
Model. However, before taking the Spatial LagModel as the true data-generationmodel, we
follow Elhorst’s suggestion to examine whether the Spatial Durbin model can be simplified
to a Spatial Lag model using the Maximum Likelihood ratio tests.

Using Elhorst´s taxonomy, the null would be H0: θ = 0, which implies that the Spatial
Lag model is a nested version of the Spatial Durbin model. The ML estimator testing for the
value of θ follows a chi-squared distribution with K degrees of freedom, which is high and
significant. Therefore, there is evidence that using the Spatial Durbin model would imply
a statistically significant improvement in model fit. Hence, we present our model using a
Spatial Durbin specification estimated by maximum likelihood and GMM, which shows the
autoregressive regression specification in Table 4.

Firstly, we note that,the spatial terms (lambda and rho) are indeed statistically signif-
icant. The λ coefficient represents the effect of the dependent variable lags, and the ⍴
coefficient represents the error term autocorrelation (which can come from independent
variables being spatial dependence as well as the unobservable autocorrelation). Although
the size of λ and ⍴ are relatively small, their significance indicates that they influence the
estimated effects of centrality-related variables. These differences between methods are
consistent with findings documented in the literature (LeSage & Pace, 2009).

Notably, once we account for spatial autocorrelation, the coefficients for the distance to
Madrid are not significant.We interpret these results as the interaction of two forces: firstly,
the aforementioned market interventions to feed Madrid, not only as the geographical and
political center of the country but also as the biggest population cluster, as explained by
Ringrose (1996), that could have created a large area around the capital where its influence
could be noted. Taken together, being close to the local market implies lower price gaps.
Once spatial effects have been controlled for, the statistical significance of access to roads
disappears, while being close to the coast helps to reduce the price gap, something that
could be related to the possibility of cabotage.

Figure 5 shows the residuals from the Spatial Durbin model with GMM specification in
column (4) of Table 4. It is clear from its graphical representation that even after using
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Table 4. Spatial Durbin model coefficients for the log of absolute value of regional price gaps in the full sample

(1) (2)

Maximum likelihood

Variables

Location and geography

Log (Km to city) 0.67*** 0.68***

(0.06) (0.06)

Log (Km to Madrid) 0.02 0.02

(0.24) (0.24)

Log (Km to coast) 0.19*** 0.19***

(0.03) (0.08)

Log (Km to navigable river) −0.12 −0.12

(0.01) (0.10)

Log (Roughness) 0.01 0.02

(0.08) (0.08)

Infrastructure

Log (Km to road) 0.07

(0.06)

Road dummy −0.12

(0.20)

Cultural diversity

Language category (Castilian = 0)

Asturleonese −0.55 −0.45

(0.50) (0.59)

Galician −0.74* −0.68*

(0.38) (0.38)

Basque −0.08 −0.12

(1.76) (1.76)

Different language from city dummy 0.65 0.62

(0.41) (0.41)

Spatial terms

Lambda λ 0.01*** 0.01***

(0.00) (0.00)

Rho ρ 0.05*** 0.05***

(0.00) (0.00)

Observations 5,160 5,160

Notes: This table shows the coefficients for the Spatial Durbin model regression for the price gap for each municipality and its closest city
market in the full sample using an inverse distance matrix up to 150 km. We use maximum likelihood estimators for the simple version
in Panel 1. We control for rain, temperature, demand (market potential of the Iberian peninsula) and supply (wheat soil quality). All
independent variables except dummies and Language (categorical) are expressed in logarithms. Robust standard errors in parentheses,
significance expressed by *** P < 0.01, ** P < 0.05, * P < 0.1
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Figure 5. Residuals from the spatial Durbin model with instrument (GMM). Sources: estimations from the Cadastre
de la Ensenada.

the more sophisticated model to explain the price gaps, certain important regional factors
remain unexplained. Themap shows in bluemunicipalities where themodel overestimates
the price difference measured in standard deviations and in red those in which the model
underestimates the gap. Although most municipalities show residuals within the range
of ± 0.5 standard deviations, some noticeable clusters show significant differences. Extreme
residuals (beyond 2.5 standard deviations) are generally close to frontier limits and may
indicate a particular influence from foreign markets. Note that the model underestimates
one large noticeablemunicipality, which is precisely the city ofMadrid. Positive large resid-
uals, on the other hand, are primarily located by the northern coast and isolated clusters
in the south. Some of these clusters, especially those in the north, are located in areas
that speak a different language from Castilian, pointing to possible institutions that we
cannot observe. This is consistent with our results in Table 4 also indicates that language
and cultural barriers are crucial in determining regional price gaps. However, we note that
the language barrier is only an indicator of cultural diversity, but we cannot assess how
institutions vary by region.34

According to the literature and as explained in detail earlier, the central market in
Madrid was institutionally intervened by the necessity to feed the capital. An example of
these distortions in the market was the regular acquisitions from suppliers further than
200 miles (320 km) away, reaching even provinces from Andalusia in the south (Ringrose,
1983: 150). During years of particularly bad harvests, the government forced shipping
from surrounding regions, providing an example of disruptions of market incentives. The

34 The residuals from specification 2 are equivalent.
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situation in the periphery was different, not only because distance and geography ham-
pered the government’s political capacity in Madrid, which barely reached the regions on
the coast, but also because overseas imports supplied grain in the largest coastal cities.

Therefore, we repeat our analysis considering both extremes: municipalities in the ter-
ritory’s core around Madrid, on the one hand, and by the coast on the other. We identified
the core as those municipalities which were affected by central cities (Madrid, Alcalá de
Henares, Talavera de la Reina, Valladolid, andToledo) and those in the periphery as the loca-
tions whose closest local market is a port city (Vera, Gijón, Cádiz, Puerto Real, San Roque,
Sanlúcar de Barrameda, A Coruña, Málaga, Vélez-Málaga, Cartagena, and Sevilla). These are
presented in Table 5, which aims to explore how the determinants of price gaps differ across
regions, andwhether proximity toMadrid is supposed to be a distortion in the waymarkets
work, as suggested by Table 4. These sub-samples indicate that the spatial element in our
model has a strong influence on price gaps in central markets, while it has little relevance
in peripheral (port) regions. This implies a core-periphery effect in market dynamics, as
noted throughout the text. Moran’s I confirms this, showing high spatial autocorrelation
in the central market sample (8.43***), which indicates tight spatial interconnectedness in
these areas. In contrast, spatial autocorrelation is minimal in the port sample, indicating
that port markets are less influenced by neighboring regions’ price dynamics. This contrast
highlights how core markets are more spatially interdependent, while peripheral markets
operate with greater spatial independence.

Once spatial effects have been considered in the core, practically all the variables identi-
fied by the literature and included in our model lost significance, remaining only distance
to the closest city. In the case of the periphery, the situation is different. The size of the
coefficient for the distance to the closest city is significantly larger than in the central sam-
ple, and other variables relevant for the formation of prices are now significant, such as
access to roads and being located by the coast, which we associate with access to transport
infrastructures.

We also find a very strong effect in the distance to Madrid variable that presents a nega-
tive significant coefficient, meaning that the larger the distance from the capital the lower
the price gap. Given the small probability of Madrid’s institutional influence on the grain
markets reaching the locations included in our periphery sample, we believe that what this
variable is capturing in this case is the distance to the coast. Being located in the geograph-
ical center of the Iberian Peninsula, the distance to Madrid is also a proxy of the distance to
the coast, meaning that a larger distance from Madrid also implies a lower distance to the
coast.

The strong and positive effect of the different language dummy could be related
to the fact that there are very few locations in the periphery included in this group.
These results confirm that the variables that we expect to play a role in price forma-
tion were weaker around the capital when the spatial effects were accounted for, while
they were more relevant in the periphery. It also provides evidence supporting the idea
that institutional market disruptions could be captured and therefore proxied by spatial
effects.

Our findings in this paper model the distribution of price formation across the Spanish
landscape from the urban center into its rural hinterlands. We show that a significant part
of how prices form comes fromdistance. The further the city, the higher the trade costs are,
and therefore the larger the price gap. We also find a significant asymmetry that could be
related to the institutional interventions in themarket during the 18th century. These find-
ings confirm Spanish historiography and are consistent with recent research that claims
asymmetric transaction costs during the nineteenth century (Iglesias and Maixé-Altés,
2021).
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Table 5. Model calibration for central and port market samples for absolute value of regional price gaps

Panel 1: Central market sample Panel 2: Port markets sample

OLS Spatial Durbin GMM OLS

Variables (1) (2) (3)

Location and geography

Log (Km to city) 0.74*** 0.69** 0.82***

(0.12) (0.17) (0.06)

Log (Km to Madrid) 0.33 0.01 −0.42***

(0.25) (0.29) (0.14)

Log (Km to coast) −4.78 −2.79 −0.07***

(0.47) (0.87) (0.03)

Log (Km to navigable river) 3.28 2.10 0.41

(0.45) (0.75) (0.07)

Log (Roughness) 0.33 0.02 0.41

(0.22) (0.18) (0.07)

Infrastructure

Log (Km to road) 0.32 0.10 0.15*

(0.15) (0.13) (0.05)

Cultural diversity

Language category (Castilian = 0)

Asturleonese 1.08**

(0.33)

Galician −1.17***

(0.29)

Basque 0.88

(1.93)

Different language from city dummy 4.02**

−1.651

Spatial terms

Spatial dependence (Moran’s I) 8.43*** 0.88

0.00 (0.38)

Lambda λ 0.05***

(0.00)

Rho ρ 0.03***

(0.00)

Climate controls YES YES YES

(Continued)
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Table 5. (Continued.)

Panel 1: Central market sample Panel 2: Port markets sample

OLS Spatial Durbin GMM OLS

Variables (1) (2) (3)

Observations 587 587 444

R-squared 0.17 0.37

Notes: This table shows the Spatial autoregressive model coefficients for the municipalities around the central market (Madrid, Alcalá
de Henares, Talavera de la Reina, Valladolid, and Toledo) in Panel A, and in the port cities (Vera, Gijón, Cádiz, Puerto Real, San Roque,
Sanlúcar de Barrameda, A Coruña, Málaga, Vélez-Málaga, Cartagena and Seville) in Panel B. We control for climate and demand (market
potential) and supply (wheat soil suitability). All independent variables except dummies and Language (categorical, where Castilian equals
0) are expressed in logarithms. Spatial diagnostics of the error terms on each regression are also reported with their P-value and
significance. Robust standard errors in parentheses, significance expressed by *** P < 0.01, ** P < 0.05, * P < 0.1

5. Conclusions

In this paper, we took advantage of the great detail of a newly assembled dataset
extracted from the Cadastre de la Ensenada, a survey carried out at the municipal level in
mid-18th-century Spain. We studied how trade costs worked as determinants of price gaps
in our case study. Our results show that better access to urban markets reduced price gaps
in rural areas, suggesting that the law of one price could be explained by traditional mar-
ket forces. However, we also find that important spatial effects bias our estimates if they
are unaccounted for. We show that spatial effects indeed biased the coefficients of most of
our independent variables, meaning that the effect of variables such as the distance to the
closest city gains relevance once spatial effects are considered, while others like being in
the coast gain significance.

However, although those were the average main results for the whole sample, we
also found a particular pattern around Madrid, where almost none of the variables we
expected to impact price gaps worked properly. We use two sub-samples, distinguishing
municipalities in the capital’s surroundings and coastland regions. Our results show that
only the distance to the closest city works as a determinant of price gaps around Madrid.
We believe our paper could provide new quantitative evidence supporting that Madrid was
a market disruptor of the grain markets in 18th-century Castile. As explained in the text,
this was probably a consequence of the interventions in the market by the authorities to
prevent price hikes in the capital and the consequent potential social unrest. Therefore, our
results point out the disruptive effect of political intervention in the markets. On the other
hand, in the sample including cities in the periphery, the variables identified as relevant
for market formation work better. We believe that this can be a consequence of the diffi-
culties and disruptions caused by the political intervention from Madrid reaching areas in
the periphery of Castile, as well as thanks to the access to international grain suppliers that
created more favorable conditions for the market.

Although there is still work to be done, including testing the potential causality between
the interventions around Madrid and the spatial effects, our work contributes to the liter-
ature by providing the setup for exploring the spread of prices across space from urban
to rural locations. This is possible because we use a new historical database of unprece-
dented detail to study price gaps across space instead of using distant bilateral pairs. This
lets us establish where price differentials come from. We provide quantitative evidence
that institutional factors could have influenced price gaps (and consequently, market inte-
gration) in Spain, which was an accepted theory but never adequately tested. We finally
demonstrate the general need to test and control for spatial autocorrelation, and show
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how their existence, far from generalized or nonexistent, could present important regional
variations.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S0212610925100657.
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Appendix

Table A1. Correlation in variables in the dataset

Variable Price gap
Abs. value
price gap Km to city

Km to
Madrid

Km to
coast

Km to
river Roughness Temp Rain

Km to
road

Km to
Roman
road

Road
dummy

Roman
dummy

Market
Potential

Soil
suitability Language

Price gap 1.0***

Abs. value
price gap

0.21*** 1.00***

Km to city 0.29*** 0.14*** 1.00***

Km to
Madrid

0.14*** 0.35*** 0.10*** 1.00***

Km to
coast

−0.14*** −0.34*** −0.08*** −0.864*** 1.00***

Km to river 0.02 0.13*** 0.20*** −0.12*** −0.12*** 1.00***

Roughness 0.19*** 0.09*** 0.23*** 0.30*** −0.26*** −0.02 1.00***

Rain 0.26*** 0.16*** 0.17*** 0.39*** −0.40*** 0.40* 0.18*** 1.00***

Temperature 0.02 0.21*** −0.05*** 0.55*** −0.36*** −0.65*** 0.21*** −0.11*** 1.00***

Km to road 0.19*** 0.13*** 0.17*** 0.51*** −0.36*** 0.26*** 0.30*** 0.08*** 0.65*** 1.00***

Km to
Roman
road

0.09*** 0.00 0.26*** 0.00 −0.05*** 0.12*** 0.18*** −0.06*** 0.16*** 0.16*** 1.00***

(Continued)
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Table A1. (Continued.)

Variable Price gap
Abs. value
price gap Km to city

Km to
Madrid

Km to
coast

Km to
river Roughness Temp Rain

Km to
road

Km to
Roman
road

Road
dummy

Roman
dummy

Market
Potential

Soil
suitability Language

Road
dummy

−0.08*** −0.02 −0.12*** −0.08*** −0.09*** −0.03*** −0.12*** −0.02*** −0.06*** −0.22*** −0.12*** 1.00***

Roman
dummy

0.00 0.06*** −0.12*** −0.13*** −0.09*** −0.01*** −0.06*** 0.14*** 0.04*** −0.05*** −0.45*** 0.16*** 1.00***

Market
Potential

−0.19*** −0.26*** −0.51*** −0.39*** −0.39*** −0.46*** −0.15*** 0.10*** −0.38*** −0.48*** −0.14*** 0.16*** 0.07*** 1.00***

Soil
suitability

−0.01 −0.08*** −0.05*** −0.11*** −0.00*** 0.18*** −0.38*** −0.22*** −0.05*** −0.21*** −0.17*** 0.08*** 0.08*** −0.01 1.00***

Language 0.12*** 0.16*** 0.22*** 0.37*** −0.19*** 0.29*** 0.17*** −0.01 0.39*** 0.50*** 0.24*** −0.11*** −0.00 −0.46*** −0.12*** 1.00***

Different
language
city

0.09*** 0.00 0.13*** 0.44*** −0.28*** 0.22*** 0.25*** 0.03*** 0.61*** 0.69*** 0.22*** −0.09*** −0.01 −0.41*** −0.13*** 0.57***

Note: This table reports the pairwise correlation coefficients between all variables for the 5,160 observations in our dataset. Statistical significance denoted by Different language from city dummy *P < 0.05,
**P < 0.01, and ***P < 0.001.
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Table A2. OLS coefficients for the log of the absolute value of municipal price gaps with demand and supply
controls

OLS

Variables (1) (2)

Location and geography

Log (Km to city) 0.75*** 0.77***

(0.05) (0.05)

Log (Km to Madrid) −0.64*** −0.63***

(0.14) (0.14)

Log (Km to coast) −0.04 −0.04

(0.05) (0.32)

Log (Km to river) −0.39*** −0.05***

(0.05) (0.03)

Log (Ruggedness) 0.54*** 0.57***

(0.08) (0.08)

Infrastructure

Log (Km to road) 0.16***

(0.06)

Road dummy −0.38*

(0.23)

Cultural diversity

Language category (Castilian = 0)

Asturleonese 0.82 1.06**

(0.34) (0.33)

Galician −1.19*** −1.04***

(0.32) (0.31)

Basque 0.48 0.40

(0.36) (0.36)

Different language from city dummy 1.91*** 1.68***

(0.31) (0.31)

Climate controls YES YES

Demand and supply controls YES YES

Residual spatial autocorrelation (Moran’s I) 0.30*** 0.30***

(0.05) (0.05)

Observations 5,160 5,160

R-squared 0.31 0.31

Notes: This table shows the coefficients of OLS regressions for the absolute value of the price gap (1) and (2) and the 2SLS (3) and
(4) respectively for each municipality and its closest city market in the full sample. We control for rain, temperature, demand (market
potential of the Iberian peninsula), and supply (wheat soil quality). All independent variables except dummies and Language (categorical)
are expressed in logarithms. Spatial diagnostics of the error terms on each regression are also reported with their standard error and
significance. Robust standard errors in parentheses, significance expressed by *** P < 0.01, ** P < 0.05, * P < 0.1
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Table A3. Spatial autocorrelation analysis in variables

Variable Moran´s I E(I) SE(I) Z(I) P-value

Price 0.72*** −0.00 0.05 14.11 0.00

Price gap 0.47*** −0.00 0.05 9.22 0.00

Absolute value price gap 0.30*** −0.00 0.05 5.88 0.00

Log (Km to city) 0.27*** −0.00 0.05 5.31 0.00

Log (Km to Madrid) 0.85*** −0.00 0.05 16.66 0.00

Log (Km to coast) 0.39*** −0.00 0.05 7.627 0.00

Log (Km to navigable river) 0.58*** −0.00 0.05 11.41 0.00

Log (Roughness) 0.71*** −0.00 0.05 13.54 0.00

Log (Rain) 0.81*** −0.00 0.05 15.89 0.00

Log (Temperature) 0.89*** −0.00 0.05 17.42 0.00

Log (Km to road) 0.42*** −0.00 0.05 8.15 0.00

Road dummy 0.12*** −0.00 0.05 2.37 0.00

Log (Iberian peninsula Market Potential) 0.66*** −0.00 0.05 12.89 0.00

Log (Wheat soil suitability) 0.63*** −0.00 0.05 12.36 0.00

Language 0.40*** −0.00 0.05 7.88 0.00

Different language from city dummy 0.29*** −0.00 0.05 5.63 0.00

Number of observations 5,160

Note: this table shows the spatial diagnostics of the dependent and independent variables in our models. The Moran´s Indices have been
obtained using an inverse distance spatial weights matrix with a threshold of 150 km (maximum distance to city within the Crown) and
a decay parameter of 2. All the variables show statistically significant deviations from the expected value E(I) under the null hypothesis
of spatial randomization. Considering smaller or larger thresholds allows us to reach the same conclusions.
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Figure A1. Territorial coverage and main historical regions (gray).

Cite this article: Cermeño A.L. and Santiago-Caballero C. (2025) Closing the price gap – Von Thünen applied to
wheat markets in 18th century Spain. Revista de Historia Económica / Journal of Iberian and Latin American Economic

History, 1–31. https://doi.org/10.1017/S0212610925100657

https://doi.org/10.1017/S0212610925100657 Published online by Cambridge University Press

https://doi.org/10.1017/S0212610925100657
https://doi.org/10.1017/S0212610925100657

	Closing the price gap – Von Thünen applied to wheat markets in 18th century Spain
	1. Introduction
	2. Grain markets in 18th century Spain
	3. Sources and data description
	4. Methodology
	5. Results
	5.1. Determinants of price gaps

	5. Conclusions
	Acknowledgements
	References
	Appendix 


