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Abstract

Europe faces serious demographic imbalances: increasingly,
populations are concentrated in urban areas and their sur-
roundings, while rural areas face depopulation. Thanks to a
simple methodology identifying the trends in the different
settlement structure, this article explores the causes that
can justify the formation of such spatial trends through an
econometric analysis. Both phenomena can be considered
using central Spain as a case study. The area of more than
8 million inhabitants includes the city of Madrid and can be
extended to other regions due to its simplicity and the wide
availability of the included explanatory variables. This article
categorizes nonurban areas into urban-rural and rural areas
using a methodology that enables a historical perspective
for the last eight decades. The findings are significant for

infrastructure policies and territorial cohesion.
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1 | INTRODUCTION

Most European countries face two issues related to the distribution of their population. First, rural areas in recent
decades have faced depopulation. Simultaneously, the most populated cities and their surrounding areas are
increasing in population density, exacerbating the imbalance, although the process has diminished recently (Dijkstra
et al., 2013). This article has three aims: first, to study the historic evolution of rural depopulation and the increase in
the urban-rural population (to this end, a novel methodology is proposed); second, to study the determinants that
keep some areas rural while others become urban-rural; and third, to analyze the determinants of distinct rural
depopulation in different areas.

This article describes a novel bottom-up methodology that avoids the dichotomy between rural and urban and
overcomes the flaws of concepts such as peri-urban, suburban and sprawl (Brenner & Schmid, 2014). One of the first
authors to highlight the increasing difficulty of defining city boundaries was Lefebvre (1970). Since then, numerous
works have tried to identify and classify the demographic and socioeconomic processes that occur in cities'
peripheries. There are three main theoretical frameworks with which to explore this topic (Obeso Muiiiz, 2019):

The suburb can be defined as the area of urban periphery where socially homogeneous low-density residential
land use prevails. The suburbanization process is of great importance in North America and is known as sprawl.

Rururban areas are disperse rural spaces that receive urban dwellers who change their traditional functions and
building typologies (Bauer & Roux, 1976).

Peri-urban spaces are similarly characterised by discontinuity but also show heterogeneity in territorial uses and
functions, maintenance of agricultural and farming activities, and high population mobility (Caruso, 2001).

The movement of urban populations to rural areas has several names according to its nature: suburbanization,
counter-urbanization, de-urbanization, or ex-urbanization (Champion, 2001). These processes affect the landscape
and how land is used (Nilsson et al., 2013). Therefore, these geographic processes are usually studied through
changes in land use. However, this information is difficult to obtain, especially from a historic point of view. Thus,
most studies are local or they have a low temporal scope.

Urban agglomeration and even metropolization are linked to the urban-rural process emergence: the growth of
most populated cities and the depopulation of less accessible rural areas. The increase in agglomeration is related to
productivity, which increases as a result of structural dynamics and changes in activities (Camagni et al., 2016). Urban
areas play different roles affecting their surroundings, such as specialized marketplaces or high-level education facul-
ties. In recent decades, there have been continuous changes in cities and their functions, impacting their surrounding
areas (Capello et al., 2022).

The methodology is presented in Section 2 and tested in Section 3, using data from central Spain. The methodol-
ogy facilitates a historical study starting in 1940, so the urban-rural expansion is analyzed since its origins. Section 4
determines the reasons some rural areas become urban-rural, applying logit models for each decade. Section 5 ana-
lyzes the determinants of changes in population in rural areas over the last 80 years. Finally, the conclusion summa-

rizes the main findings, outlines their importance for public policy design, and suggests directions for future research.

2 | METHODOLOGY

This section describes the proposed methodology, which makes it possible to study urban, rural, and urban-rural
populations from a historic perspective.

Six international organizations—the European Commission (Eurostat and DG for Regional and Urban Policy), the
International Labor Organization, the Food and Agriculture Organization, the Organization for Economic Cooperation
and Development, United Nations Habitat, and the World Bank—define cities as areas with a population of at least
50,000 inhabitants in contiguous dense grid cells (2020). According to the degree of urbanization, land is classified
into cities, rural areas, and a third group of towns and semi-dense areas. This approach is recommended for studying

a population's spatial distribution. There are no population grids available for the past, so studying how this third
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type, neither rural nor urban, emerged and evolved is unfeasible. The presented approach is conceived to be as
similar as possible but acknowledges that using municipalities instead of a grid is necessary to attain a historical
perspective on the topic due to the lack of population grids.

The urban-rural dichotomy does not adequately represent current population patterns of settlements, necessi-
tating at least a third category in between with distinct characteristics. Areas that are neither urban nor rural are usu-
ally in the vicinity of urban settlements; however that is not an essential characteristic, so peri-urban is not the most
appropriate concept. Urban-rural, on the other hand, establishes that this third classification shares some urban
characteristics as well as some rural ones. Urban-rural can be seen as equivalent to the third category presented in
the report by the International Labor Organization, the Food and Agriculture Organization, the Organization for
Economic Cooperation and Development, United Nations Habitat, European Commission and the World Bank.

If a population is equal to or exceeds 50,000, the local units are defined as urban. If the municipality was urban
but the population decreases below this threshold, it is defined as declining urban. Conversely, if the population has
doubled from the minimum in recent decades and in one decade it increased by at least 20%, it is defined as urban-
rural. The term urban-rural is preferred to peri-urban, rururban, or suburban because it can be any of these three; a
socioeconomic study would be required to determine the exact nature of each of the areas identified as neither rural
nor urban. This name is used to overcome the multiple definitions aiming to capture the different realities of the
areas that are no longer rural but are still not part of a city (Taylor & Lang, 2004).

If the municipality is not urban, declining urban, or urban-rural, it is considered rural. All local units start as rural.
They can turn into urban areas directly or urban-rural areas depending on the intensity of their growth. Urban-rural
local units can also become urban if they keep growing and surpass the threshold of 50,000 inhabitants. Finally,
urban local units cannot return to rural or urban-rural under the proposed approach, but they can be considered
declining urban: an urban environment where the population decreases.

This simple classification heuristic is powerful enough to facilitate the implementation of a historical analysis of
rural depopulation and study why rural local units become urban-rural. These possibilities are illustrated in Section 3
using data from the central part of Spain, which includes the urban agglomeration of Madrid.

Once the land is classified as either urban, rural, or urban-rural, the determinants of population change and rural
areas becoming urban-rural can be studied, as can the factors that have contributed to these changes in the last few
decades. Data for the determinants included in a study with a historical point of view need to be available for the
whole period considered and the spatial disaggregation needs to be at the local unit level. That constrains the vari-
ables to be used. Digitization, though it has been a major force for population relocation in recent times, cannot be
quantified at a local level with the available information. Economic activity measured with data from labor or com-
pany variables starts recently in most countries. It has been proved for the area under study that urban-rural local
units have a statistically significant higher weight of industry and services than rural areas and less primary activities,
while urban areas have a higher weight of industry and primary activities and a lower importance of services.

The variables included in the analysis need to be available at a local level from the period prior to the emergence

of the urban-rural phenomenon. They are as follows.

e Distance to the capital, measured in kilometers. This variable is included in most of the studies that address peri-
urbanization and metropolization processes (Follmann et al., 2022). The effect of cities on their surrounding areas
has increased and enlarged in spatial scope since the democratization of cars and the appearance of high-capacity
roads (Ravetz et al., 2013).

e Population in the previous census. The change in population depends to a great extent on the population at the
beginning of the period. Most historical studies find that small local units tend to shrink, while the most populated
settlements experience the greatest population growth (Firmino Costa da Silva et al., 2017; Le Gallo &
Chasco, 2008).

e Access to nearby high-capacity roads is a well-studied spatial characteristic that impacts on population growth

positively (Jacobs-Crisioni & Koomen, 2017). The accessibility and degree of connection with the main centers of

5UBD17 SUOWILLOD BAIaI) 3|qedt|dde ay) Aq pausenob ale sapie YO ‘3sn Jo Sajni 1) Ariq17auluQ AS|IA UO (SUONIPUOD-pUe-SWB)W0Y B [1M Azeiq 1 puluO//SdNY) SUONIPUOD pue SWid 1 8Y188S *[2202/2T/02] uo Akidiauljuo A|iMm ‘(-ou)eange) agqnopeay Aq G09zT €ds)/TTTT OT/I0p/wod B[ Im A Reiq Ul U0 108uU0d s //Sdny Wwolj pepeojumod ‘0 ‘208..S.T



LLE SANTOS anp FERNANDEZ FERNANDEZ

population and economic activity is key to rural growth and the appearance of urban-rural areas. This effect
started in developed countries and is now extending to developing ones (Khanani et al., 2021), and it is linked
with changes in employment (Redfearn, 2009).

e Peri-urban municipality is included as well to study the effect of being in the vicinity of urban local areas. It cap-
tures the peri-urbanization process, while distance to the capital, which could be any important city in the area
under study, measures the spatial extent of the effect.

e Altitude is a variable that also affects population change in the last few decades (Ayuda et al., 2010), and it is
included to verify whether the effect continues or diminishes as found for some areas as a result of improved
accessibility (Portnov et al., 2011).

e |rrigated agriculture and reservoirs are, in addition to transport infrastructure, the most important territorial
cohesion policies implemented in the area under study in the last few decades. The analysis allows study of their
effects on rural areas affected by infrastructures built by the public sector with the aim of maintaining population

within the territory and increasing economic growth in the surrounding areas.

3 | URBAN-RURAL CHANGES THE PICTURE

To verify the relevance and usefulness of the methodology presented in this article's introduction, we examine a
region comprising six Spanish provinces, which is currently home to more than 8 million inhabitants and consists of
1,356 municipalities. This region is roughly hexagonal in shape, spanning 386 kilometers from east to west and
214 kilometers from north to south, with the country's capital, Madrid, roughly in the center.

Madrid and its surrounding provinces constitute an interesting and relevant case study. Madrid is the sixth most
populous municipality in Europe after Istanbul, Moscow, London, Saint Petersburg, and Berlin. In the case of taking
the European urban agglomerations according to the Organization for Economic Cooperation and Development's
methodology (2012), it is the fourth largest European agglomeration after Istanbul, Paris, and London. The results
presented below could be extrapolated to apply to any large European city since the process of peri-urbanization is
not unique to Spain but rather a global phenomenon taking place the recent decades.

One of the greatest advantages of the methodology used, apart from its simplicity, is that it only requires census
information at the municipal level, which means a historical analysis is feasible without needing grid maps that collect
the population density. According to studies that address peri-urbanization and the growth of urban agglomerations
in Spain (Ayuda et al., 2010), the most likely periods for the origin of this processes are the 1950s or 1960s. For this
reason, the analysis begins before the emergence of the urban-rural population.

As can be seen in Table 1, no urban-rural municipality is found until the 1950s, when 10 appeared close to the
capital and with two different typologies: nine local units were rural areas that grew due to the presence of new
industrial zones requiring workers and were accompanied by the construction of housing blocks. The remaining one,
Guadarrama, located in the mountain range to the northwest of the capital (see Figure 1), increased its population
due to the creation of private urbanizations of single-family homes for the capital's wealthy class, and it was be the
first case of sprawl in the studied area. In the 1950s, the phenomena of peri-urbanization and suburbanization were
still incipient in the area studied and only affected 1.4% of the population. In this decade, the capital continued to
grow as it had been doing previously, and its population grew from 40.6% to 54.2% of the total population.

The urban-rural phenomenon extended during the 1960s and encompassed 31 municipalities with six times the
population living in this type of areas compared to ten years prior (6.1% of the region's total). Some municipalities
near the city of Madrid reached 50,000 inhabitants and are therefore considered urban, while a growing number
changed from rural to urban-rural, following the differences found in the previous decade: the predominance of
single-family homes and sprawl in the west, and blocks of flats and industrial areas in the rest of the periphery
(Vorms, 2017). Already at this early date this transformation of rural areas exceeded the administrative limits of the

province of Madrid and three urban-rural local units were in Toledo: in two of them agri-food industrial areas were
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FIGURE 1 Classification of local units in 1960 (up) and 1981 (down). Note: Rural areas in light gray, urban areas
in medium gray, urban-rural in dark gray. Source: Authors' elaboration of population census data (ine.es)

developed and in the remaining, Cobeja, several quarries as well as industrial plants to produce ceramics were built
during that decade. This verifies how the proposed methodology allows us to correctly identify rural areas that
experience significant transformation processes that cannot be explained by natural population growth.

During the 1970s, several municipalities in the south and east near Madrid that were previously urban-rural and
grew as industrial zones populated with workers migrating from other Spanish regions exceeded the limit that
allowed them to be classified as urban. Four nearby administrative capitals also reached this figure (see Figure 1),
and the urban-rural phenomenon continued to grow by extension; however, due to the complete urbanization of
some local units, the population hardly increased under this categorization and in fact decreased from 6.1% to 5.5%.
As the map shows, there are two urban-rural municipalities bordering Toledo, in the south of the region, so this
process is not specific to a large city but rather started to occur in the vicinity of smaller cities.

The presence of urban-rural areas continued in the following decades and by 2001, 123 municipalities and
11.7% of the population were included in this classification. As shown in Figure 2, the urban-rural area included a
circle surrounding Madrid and nearby urban municipalities. There are also some municipalities that are neither urban
nor rural close to the four cities near the capital (Guadalajara, Segovia, Talavera de la Reina, and Toledo). Likewise, it
is observed in the eastern part of the region how one new urban-rural municipality borders the administrative capital
(Cuenca). This regional capital had not attained a sufficient population to be considered urban by 2001. Furthermore,

its growth was very slow. Therefore, the methodology implemented does not classify it as urban-rural. In fact, as

5UBD17 SUOWILLOD BAIaI) 3|qedt|dde ay) Aq pausenob ale sapie YO ‘3sn Jo Sajni 1) Ariq17auluQ AS|IA UO (SUONIPUOD-pUe-SWB)W0Y B [1M Azeiq 1 puluO//SdNY) SUONIPUOD pue SWid 1 8Y188S *[2202/2T/02] uo Akidiauljuo A|iMm ‘(-ou)eange) agqnopeay Aq G09zT €ds)/TTTT OT/I0p/wod B[ Im A Reiq Ul U0 108uU0d s //Sdny Wwolj pepeojumod ‘0 ‘208..S.T



SANTOS ano FERNANDEZ FERNANDEZ

BB,
o 2 SRS
I Gt TN

ORI Vsl
2R $ocr >
W

T

S
o,

o
(i x@\\.{;gi

S S RN

: 3.;5&‘-‘;;5?':{:‘ O
‘\:} S @"A@'_',, .’
= 2 %

1)
S
gSe 52‘ i

%,
7
‘e vo‘ﬁ.“‘.ls
()
Sy

4“?"

RS )

£ ‘v%‘\‘a!r
: PANTe 8

I s e A

o

) - i
[T
AV

“’iw"‘.i’i‘* fIoRd o i3 25
PVAR Ut PRI
¢ \'Mp A T A

N & a%, i
! NI

2

AU
@ L
S o (LN
o TR 0 e
SRSl e DT R
e S Fpe IR ] Vi, Sk
R ) L AN ey
o oo vy “ e R !:“vlo“'
oo L PR
LS . G sty
Gssipasl SOl o o0 SUPRIG =
SR e Y
\“tﬁﬁ\‘.ﬁ-)ri
(SRSl
{7 "’ \"‘v‘.f‘ e
Lyd 6
ey
S veNE g
v "' A0
ST
4‘\ f )

FIGURE 2 Classification of local units in 2001 (up) and 2021 (down). Note: Rural areas in light gray, urban areas
in medium gray, urban-rural in dark gray. Source: Authors' elaboration of population census data (ine.es)

part of a peripheral region, it had net emigration during this period (Vifiuela & Fernandez-Vazquez, 2012), which,

together with its small size, does not allow it to be considered either urban or urban-rural despite its administrative

status.

The first decade of the twenty-first century saw the greatest expansion of the urban-rural population of the

area studied; it grew by almost half a million inhabitants or from 11.7% to 15.7% of the total. The intense real estate

bubble made it difficult for new households to access housing, so they moved both to the already established periph-

ery and to predominantly rural municipalities that were even further away from the capital (Pozo Rivera & Rodriguez

Moya, 2006). The economic crisis and the population stagnation of the recent decade stopped the process, and it is

only two urban-rural municipalities reached the 50,000 inhabitants threshold to be classified as urban. There were

practically no changes in the classification of municipalities or in the weights of each of the three population classifi-

cations. Thus, it can be deduced that the processes of urbanization and urban-ruralization are mainly due to popula-

tion growth and economic factors (Martori, 2010).

The inclusion of the urban-rural category is extremely important not only in itself but also to correctly study the

historical evolution of rural areas. The lower part of Table 1 includes the sum of the population of rural and urban-

rural municipalities, which ranges between 1.4 and 2.0 million in the last eight decades and is currently at its

maximum. However, taking only rural municipalities shows that this is not the case; since 1950 (1.8 million) rural

depopulation has been very intense and currently there are 689,000 inhabitants. Even though the number of rural
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municipalities has fallen from 1,355 to 1,136, this decrease would hardly explain the intense depopulation experi-
enced in the period and which continues nowadays. Rural population decreased sharply from 61.2% eight decades
ago to only 8.4% currently. If the concept of urban-rural is not correctly characterized, it is impossible to analyze the
magnitude of depopulation in the rural environment, a process that is especially worrying in Spain but that occurs in

the vast majority of developed countries.

4 | FROMRURALTO URBAN-RURAL: A HISTORICAL PERSPECTIVE OF
THE PROCESS

After describing historical process of the increase in the urban population, particularly the emergence and explosion
of the population in local urban-rural units, this section aims to discover the determinants of the transformation
from rural to urban-rural areas in each decade and check whether these factors stayed the same over time or
changed, as well as the magnitude of each factor's impact.

For this, a categorical variable was created that takes the unit value for urban-rural municipalities and is zero for
rural areas. Urban municipalities were excluded from the analysis. Appropriate tests (Davidson & MacKinnon, 1984)
verified that the use of logit models is the more appropriate than probit, ordinary least squares, and panel models
with a categorical dependent variable (Arellano, 1993). In this case, this is due to the high variability between
decades and the low number of periods.

Four variables were considered that could explain why some rural municipalities remain rural while others

become urban-rural:

1. Distance to the capital of the urban agglomeration, in this case Madrid, measured in kilometers. It is a Euclidean
distance due to the impossibility of knowing with certainty the temporal distance throughout the period due to
the great changes in the transport network. A negative effect of this variable was hypothesized: the greater the
distance, the lower the probability that the municipality is urban-rural. The maximum of this variable was
207 kilometers, and the mean was 94.6.

2. Population at the beginning of the decade measured in thousands of inhabitants. Although the municipalities can
be urban-rural with any size population, it was expected that a high proportion of them started with a larger
population.

3. Nearby highway. Spain's main road network has hardly changed since the mid-nineteenth century, although it has
been progressively improved. Therefore, it was not necessary to introduce changes in this variable over time. If
the municipality is less than five kilometers from one of these communication routes, the variable took the unit
value (548 municipalities, 40.4%) and zero otherwise (808 municipalities, 59.6%). It has been verified that
changing this limit to figures between two and ten kilometers keeps a similar effect and significance. The distance
to the nearest highway was not included due to the high correlation of that variable with the distance to the
capital since Madrid plays a main role in the transport network.

4. Peri-urban municipality: A dichotomous variable was created for each decade. The unit value was assigned to
neighboring municipalities to at least one urban municipality and zero otherwise.

Table 2 presents the results obtained from the logit models in each decade. As expected, the distance to the capital
is always significant and decreases the probability that the municipality is urban-rural. A larger population increases
the likelihood that the municipality is not rural, but this variable is not significant in every decade; the largest munici-
palities are urban-rural to a greater extent during the period 1960-1981 and again in the last two decades.

The existence of first-level road transport infrastructure is positive in the last three decades but is insignificant
beforehand. In the first decade studied, this variable cannot be included since all the urban-rural municipalities have

a unit value and therefore there is collinearity. Something similar happens with the peri-urban municipality variable,
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TABLE 2 Logistic regressions for urban-rural versus rural local units by decade

1950- 1960- 1970- 1981- 1991- 2001- 2011-
Variable 1960 1970 1981 1991 2001 2011 2021
Distance to —0.189 *** —0.121 *** —0.102 *** —0.116 *** —0.083 *** —0.079 *** —0.073 ***
capital (0.048) (0.020) (0.016) (0.015) (0.008) (0.006) (0.006)
Population in 0.023 0.106 ** 0.115* 0.068 0.024 0.192 ** 0.268 ***
the previous (0.123) (0.039) (0.057) (0.047) (0.037) (0.058) (0.048)
census
Near highway 1.840 0.077 0.042 0.616 * 0.832 ** 0.726 **
(1.060) (0.480) (0.386) (0.280) (0.242) (0.249)
Peri-urban 0.238 0.812 * 1.231 *** 0.612 * 0.507
municipality (0.466) (0.415) (0.322) (0.300) (0.314)
Constant 1.452 —-0.144 1.406 2.696 *** 2.217 *** 2.767 *** 2.209 ***
(1.009) (1.217) (0.728) (0.651) (0.446) (0.414) (0.425)
No. of 1,355 1,352 1,341 1,340 1,336 1,329 1,327
observations (0.556) (0.570) (0.513) (0.589) (0.536) (0.566) (0.585)
pseudo R?
Odds-ratio
Distance to 0.828 0.886 0.903 0.890 0.920 0.924 0.930
capital
Population in 1.023 1.112 1.122 1.070 1.025 1.211 1.307
the previous
census
Near highway 6.297 1.080 1.042 1.851 2.297 2.068
Peri-urban 1.269 2.253 3424 1.844 1.660
municipality
Constant 4272 0.866 4.078 1.482 9.178 1.592 9.107

Notes: The value of the standard error appears in brackets under each coefficient. The number of stars denotes the
significance levels at 95%, 99%, and 99.9%.
Source: Authors' elaboration of population census data (ine.es).

because until 1970 there were no urban municipalities in the studied region that were distant from Madrid. Its inclu-
sion in the models due to multicollinearity with the variable distance from the capital is not convenient. This variable
is significant in the period 1981-2011 and positively influences the probability that a nonurban municipality is
urban-rural. Therefore, it is statistically verified, as the maps already anticipated, that the urban-rural process is
predominantly peri-urban, although not exclusively.

In addition to the significance and the sign of the effect of each variable over time, it is interesting to know the
magnitude of the impact and how it varies over time. For this, the odds ratio was calculated, which is presented at
the bottom of Table 2.

For each additional kilometer of distance to the capital, the probability that the municipality is urban-rural
reduced from 17.2% in the 1950s to 7.0% in the 2010s. Therefore, the effect of distance, although still relevant, has
decreased, which is consistent with the spatial extension of the urban-ruralization process. This smaller effect
occurred as early as in the 1960s, when for each additional kilometer, the probability reduced by 11.4% and by 9.7%
in the 1970s.

For every 1,000 additional inhabitants, the probability that the municipality is urban-rural grew 11.2% in the
1960s and 12.2% the following decade. The effect increased and in the last two decades grew to 21.1% and 30.7%,
respectively. This has two implications: more urban-ruralization occurs in large municipalities and/or rural municipali-

ties that have lost a lot of inhabitants are getting smaller.
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Being in the vicinity of major transport infrastructure approximately doubled the probability that the municipal-
ity is largely urban-rural in the last three decades. Being a peri-urban municipality also highly relevant in the distinc-
tion between rural and urban-rural municipalities. In the 1990s, areas bordering urban municipalities were more
than three times likely to be urban-rural. this effect has recently diminished because the greater spatial extension of
urban-ruralization means that a growing part of urban-rural municipalities are not peri-urban.

The importance of proximity to the capital can be seen not only in the maps and the logit models' results but also
by observing the evolution of the percentage of nonurban municipalities that are urban-rural in each decade as a
function of distance to Madrid. As shown in Figure 3, in 1960 the process of transforming the rural area towards an
intermediate stage between the rural and the urban was incomplete, even in municipalities less than 10 kilometers
from Madrid.

The process of urban-ruralization has increased since then. In 1970, all nonurban municipalities less than 10 kilo-
meters from Madrid were no longer rural, nor were two-thirds of those located between 10 and 20 kilometers from
the capital. Indeed, urban-ruralization expanded 40 kilometers from Madrid. By 1991, a 10% of municipalities
between 40 and 50 kilometers from Madrid were urban-rural. By 2001, this figure was 30% and in 2011 60%.

It is interesting to observe how 20 kilometers from the capital there are still some rural municipalities, but the
maximum distance from urban-rural municipalities has been growing and is now 80 kilometers. We can therefore
conclude that the distance to Madrid plays a major role in the evolution of rural areas to urban-rural ones, but there

are other important factors.

5 | DETERMINANTS OF POPULATION CHANGE IN RURAL AND URBAN-
RURAL AREAS

After exploring the reasons why some municipalities are rural while others become urban-rural, this
section addresses the causes of population change in both rural and urban-rural municipalities.

Some of these potential causes coincide with the explanatory variables of the logit models presented in the pre-
vious section, namely, distance to the capital of the urban agglomeration (in this case Madrid), measured in kilome-
ters; population of the municipality in thousands at the beginning of the decade; highway less than five kilometers
from the municipality; and peri-urban municipality (it the unit value for the municipalities bordering at least one

urban municipality and is zero otherwise).

1960
1970
—o—1981
—e—1991

——g—2001

% or urban-rural municipalities
v
3

—o—2011

\d

0 N

|
o | v
Lessthan 10to  20to  30to  40to 50t 60 to 70t0 8to 90to
10km  20km  30km  40km  50km  60km  70km  80km  S0km  100km

Distance to the capital city

.
\|

=

FIGURE 3 Percentage or urban-rural municipalities according to distance to the capital
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Additionally, new variables are included that could affect the population dynamics of both rural and urban-rural

municipalities. These variables are the following:

1. Altitude in meters above sea level. The rationale for including this variable is twofold: on the one hand, lower
elevations tend to have greater accessibility, better climate, more economic development, and historically higher
population density. Meanwhile, highlands have worse conditions for economic growth and their initial population
density is typically lower (Goerlich Gisbert & Mas Ivars, 2008).

2. lIrrigated agriculture. Rainfed agriculture has a much lower productivity per unit area and requires less labor for its
maintenance. The municipalities that have a significant portion of irrigated agriculture could have had a better
demographic performance in the last few decades.

3. Near a reservoir. During the four initial decades in the studied period, a large number of reservoirs were built in
the region. It has been verified that the distance to these reservoirs is insignificant for population change.
However, it is hereby presented whether proximity to these reservoirs influenced population growth temporarily

or permanently.

Once these seven variables have been defined, the results are presented for the 10-year variation rate of the rural
municipal population as a percentage. As explained in the previous section, it is not possible to carry out a panel data
model and ordinary least squares regressions are the adequate models, as confirmed by the appropriate statistical
tests. By including seven variables, several of them spatial, the possibility of high multicollinearity arose, but in prac-
tice, did not occur. The results of the variance inflation factor (VIF) ratio are offered in the bottom part of Table 3.
They are very close to the unit in every decade, so none of the explanatory variables should be removed from the
models.

The distance to the capital is always significant and negative, although the effect differed depending on the
decade considered. Thus, for each additional kilometer in the 1940s, an average of 0.025% of the population were
lost, while in the first decade of the twenty-first century this figure reached 0.232%. The effect seems to have been
greater in recent decades, except during the last period when it diminished.

Population size at the beginning of each decade is also a significant variable except for during the 1940s. Larger
rural municipalities found their population increased more or decreased to a lesser extent than more sparsely popu-
lated municipalities. Thus, for every 1,000 additional inhabitants in the last decade, the population variation rate
increased by 1.68%. This figure reached 2.89% in the 1970s and 2.50% in the 2000s.

The accessibility of main transportation infrastructure is also a significant determinant of population change in
almost every decade and always contributes positively. For example, in the last decade, the municipalities close to
highways changed their population 3.68% more than those without nearby major transport routes.

Altitude is also a variable that affects population change, and it does so significantly for all decades except the
1990s. For example, for every 100 meters above sea level, the population decreased an additional 0.4% in the last
decade. The lowlands therefore suffered less depopulation than the highlands, a finding replicated for at least the last
80 years in the area studied.

Bordering an urban municipality increases rural local units' populations greatly. This variable is introduced in the
models from 1970 onwards because beforehand there was a high correlation with the distance to Madrid since the
capital was the only urban municipality. Being in the vicinity of a city increased a rural municipality's population
change by an extra 5.1% in the last decade.

Despite the proposed hypothesis, the existence of irrigated agriculture was only significant in one of the eight
decades: during the 1960s, it seemed to contribute slightly to avoiding rural depopulation. Otherwise, this
intervention—usually funded by regional public funds or European Union programs—showed little effect in the area
studied.

Regarding proximity to reservoirs, the effect on population dynamics was negative and significant during the

decades they were built. This could be due to the reduction of the land destined for cultivation in the municipalities
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TABLE 3 Ordinary least squares regressions for rural units by decade

1940- 1950- 1960- 1970- 1981- 1991- 2001- 2011-
Variable 1950 1960 1970 1981 1991 2001 2011 2021
Distance to -0.025** -0.076 *** -0.126 *** -0.120*** -0.137 *** -0.203 *** -0.232*** —-0.065 ***
capital (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.01)
Population in 0.229 0.842 ***  1916™*  2.894** 0.805** 0.562* 2.499 *** 1.676 ***
the previous (0.17) (0.14) (0.19) (0.25) (0.23) (0.28) (0.50) (0.33)
census
Near highway  1.375 2,617 *** 5644 **  5090**  1.782 1.730 3.173* 3.677 ***
(0.78) (0.71) (1.00) (1.03) (1.08) (1.44) (1.28) (0.94)
Altitude -0.012 ** —-0.005** -0.013 ** -0.021** -0.009 *** —0.003 —0.011 *** —-0.004 *
(.002) (.002) (.002) (.002) (.002) (.003) (.003) (.002)
Peri-urban 12.522 * 4917 * 7.849 * 10.198 ** 5.100 *
municipality (5.83) (2.45) (3.59) (3.72) (2.03)
Irrigated —0.462 0.401 2.553 * -0.018 -0.994 —1.265 1.086 0.598
agriculture (0.97) (0.89) 1.252) (1.29) (1.34) (1.78) (1.58) (1.15)
Near reservoir  —0.713 —2.751** —4.833* —4404** 3.791 ** 1.922 1.550 —1.007
(1.03) (0.94) 1.325) (1.38) (1.43) (1.92) (1.68) (1.22)
Constant 16.696 *** 4443 * -8410**  0.300 9.703 ***  15.194 *** 27.160 *** —-8.464 **
(1.67) (1.68) 2.374) (2.49) (2.62) (3.54) (3.43) (2.48)
No. of 1,355 1,345 1,321 1,299 1,271 1,213 1,136 1,136
observations
Adj. R? 0.0681 0.1438 0.2608 0.3051 0.153 0.1219 0.2421 0.111
VIF 1.14 1.14 1.12 1.11 1.11 1.1 1.11 1.13

Notes: The value of the standard error appears in brackets under each coefficient. The number of stars denotes the significance
levels at 95%, 99% and 99.9%.
Source: Authors' elaboration of population census data (ine.es).

near the reservoirs since this land would be under water. In contrast, in the 1980s the effect continued to be signifi-
cant but turned positive. It would be necessary to study in detail in which cases this is due to a partial return of the
previously emigrated population and in which the cause is more of the population remaining in the area. The con-
struction of reservoirs was an important policy decades ago in most European countries, and the long-term effect on
population dynamics in the surrounding areas is still not well-studied (Table 4).

Again, in this case the VIF values are low, although not as low as in the models exploring the causes of change in
the rural population. However, there is no multicollinearity between the variables in any of the cases.

Nonsignificant models are found (see R? adjusted), and only the population at the beginning of the decade is sig-
nificant between 1981 and 2011; the p-value in the 1990s is 0.054, very close to the limit of significance. A greater
population of these urban-rural municipalities would contribute to their growth being lower. The other six variables
examined do not have an effect in any of the periods. In the case of these urban-rural municipalities, the population
change would mainly be due to the availability of new housing, a decision emanating from the local and regional
public authorities as well as from construction companies, who, once the new areas to be developed have been
established, decide whether to carry out the projects or not.

The fact that it is not possible to explain the different population growth of these municipalities is therefore not
unexpected, but rather contributes to prove that the results presented in Table 3 for rural municipalities are indeed
correct and significant, since the variation of the population in rural areas comes from the individual decisions of
each of the inhabitants who decided to emigrate or not as well as the number of descendants they had. However,
the growth of urban-rural areas has a different nature.
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TABLE 4 Ordinary least squares regressions for urban-rural units by decade

1960-1970 1970-1981 1981-1991 1991-2001 2001-2011 2011-2021
Distance to —0.073(0.067) —0.018 (0.010) —0.030 (0.027) —0.010(0.011) 0.000 (0.005) —0.001 (0.001)
capital

Population in 0.061(0.194) 0.003(0.034) -0.110*(0.052) -0.087 (0.045) —0.064 ***(0.017) —0.002 (0.003)
the previous

census

Near highway  —0.388(5.899) —0.539 (0.371) 0.112(0.873) 0.166 (0.528) 0.049 (0.187) —0.028 (0.043)

Altitude —0.001 (0.007)  0.000 (0.001) 0.000 (0.002) 0.000 (0.001) 0.000 (0.000) 0.000 (0.000)

Peri-urban —0.005 (0.288) 1.226 (0.697) —0.079 (0.493) 0.351(0.184) 0.004 (0.042)
municipality

Irrigated 0.136(2.133)  0.244 (0.332) 1.694 (0.925) —0.178 (0.672) —0.112(0.245) 0.046 (0.057)
agriculture

Near reservoir —1.006 (4.446) —0.334 (0.351) 0.692 (0.956) —0.653 (0.620) —0.381 (0.255) —0.002 (0.058)

Constant 4527 (7.960) 2.029 *(0.795) 1.653(1.836) 2.178 (1.157) 1.438 ** (0.425) 0.128 (0.098)

No. of 31 42 69 123 193 191
observations

Adj. R2 -0.1612 0.0173 0.0667 -0.0121 0.0669 —0.0226

VIF 1.89 1.48 1.29 1.18 1.17 1.22

Notes: The value of the standard error appears in brackets under each coefficient. The number of stars denotes the significance
levels at 95%, 99% and 99.9%.
Source: Authors' elaboration of population census data (ine.es).

6 | CONCLUSIONS AND RECOMMENDATIONS

Classifying the population into urban versus rural is insufficiently precise. It is necessary to include a third category,
the urban-rural classification, because, although it is predominantly peri-urban, it also includes previously rural
municipalities that are not in the vicinity of urban areas. The current methodology recommended by six international
organizations, including the European Commission, the Organization for Economic Cooperation and Development,
the United Nations, and the World Bank, uses population grids that are not available for past periods. Therefore,
their methodology was modified to be used with data from local areas. This article then used this method to classify
municipalities in a Southern European region as a case study to show how the urban-rural phenomenon started and
expanded.

The region near Madrid, the fourth largest European urban agglomeration, was studied to draw conclusions and
recommendations for applying policies not only in the area but also to similar locations in similar countries. If the
urban-rural category is not included, the phenomenon of rural depopulation cannot be observed, but when it is
included, a marked decrease in the number of inhabitants in rural areas is evident. Likewise, the inclusion of this third
category allows us to observe the spatial limits of the relevant area of influence of both large and small cities over
the last few decades, since the methodology used does not require the use of population density grid maps.

Section 4 analyzes the determinants that transform some rural municipalities into urban-rural ones. The reasons
are proximity to the capital, larger population size, proximity of main transport networks, and bordering urban munic-
ipalities. This number of areas that are neither urban nor rural has increased since this process began in the middle of
the twentieth century: it occupies more space, and it also affects the outskirts of small cities. Urban-rural areas are
predominantly but not exclusively peri-urban and are sometimes found in municipalities surrounded by others that
remain rural.

Rural depopulation is an important issue since it happens in almost all developed countries. It also occurs in the
vicinity of a city as large as Madrid once urban-rural municipalities are excluded from the classification of rural areas.

This depopulation process has occurred for at least the last eight decades, and its causes are studied in Section 4.

5UBD17 SUOWILLOD BAIaI) 3|qedt|dde ay) Aq pausenob ale sapie YO ‘3sn Jo Sajni 1) Ariq17auluQ AS|IA UO (SUONIPUOD-pUe-SWB)W0Y B [1M Azeiq 1 puluO//SdNY) SUONIPUOD pue SWid 1 8Y188S *[2202/2T/02] uo Akidiauljuo A|iMm ‘(-ou)eange) agqnopeay Aq G09zT €ds)/TTTT OT/I0p/wod B[ Im A Reiq Ul U0 108uU0d s //Sdny Wwolj pepeojumod ‘0 ‘208..S.T



LLE SANTOS anp FERNANDEZ FERNANDEZ

The municipalities most affected by depopulation in recent decades are those that meet the following character-
istics: 1) they are located farther from a large city and do not border urban areas, 2) they have smaller populations, 3)
they are not located near main transport infrastructure, and 4) they are located at a higher altitude above sea level.
Based on this classification, it is possible to identify rural areas that have experienced poorer population dynamics in
recent decades and will almost certainly continue to do so in the future. Regarding the third point mentioned, the
conclusion is drawn that transport infrastructure has a positive impact on population growth in rural areas or at least
curbs depopulation. However, it should be emphasized that only the main road routes of the national network were
considered in this study. Therefore, it is not feasible to build more existing infrastructure than is necessary, both
because of its high cost and because its duplication would probably reduce this positive effect on population growth.

For the purposes of public policies, it is relevant that the presence of irrigated agricultural land did not have a
positive impact on population dynamics in the analyzed region's rural areas, except in the 1960s, where it had a
slightly positive influence. Currently, public resources are allocated for the transformation of rainfed agricultural
areas into irrigated ones. Of course, these policies have a positive effect at the economic level, for example, by
increasing the price of land, but in terms of increasing the resident population, the effect is debatable.

Finally, another possible policy that would affect the rural population is the construction of reservoirs, although
in recent decades this has hardly happened in Western countries due to its high ecological impact. Building reservoirs
was found to negatively impact the population dynamics of the surrounding rural areas during and immediately after
construction, possibly due to the loss of arable land and therefore a decrease in available jobs. However, in the area
studied, their effect temporarily turned positive, and the population of these decreased to a lesser extent during the
1980s.

Interestingly, population dynamics of urban-rural areas cannot be explained by the variables. This is probably
since these municipalities grew because of political and economic decisions related to the real estate sector.

Future research includes extending the scope of this study to nearby regions of other large European agglomera-
tions as well as to the surrounding areas of small cities. It would also be interesting to replicate the study for regions
with a high level of urban-rural areas, such as the Mediterranean coast. In that case, it would be interesting to

complement the distance to large population centers with the distance to the sea.
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