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Abstract

:

Featured Application


Regional planning and commuter rail development towards sustainable planning.




Abstract


In the extensive framework of the historiography on the relationship between railroads and cities that began in the second half of the 19th century, a new phase of thought and action emerged from the 1980s, driven by a transport-oriented development approach and the node–place model within the paradigms of New Urbanism and sustainable urbanism, respectively. This highlights the need to integrate railway planning and urban and territorial planning to take advantage of the development potential of the urban areas surrounding railway stations. In this context, a subject rarely analyzed in Spain is the urban areas around commuter railway stations and the opportunity they represent to rethink growth and development on an urban and metropolitan scale. This study explores and shows the roles that municipalities with commuter stations and their surrounding areas play and could play as a basis for leading an urban and territorial strategy based on a polycentric model in favor of more sustainable mobility and development in the Madrid urban region.
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1. Introduction


The reflections and actions related to the interrelation between rail public transport networks and regional planning are not new. They have their roots in proposals from the late nineteenth century, such as Arturo Soria’s Linear City (1892) or Ebenezer Howard’s Garden City (1899). However, since the 1990s, new theoretical frameworks have been promulgated, such as transit-oriented development (TOD) [1] and the node–place model (NPM) [2]. These propose that to take advantage of the development potential offered by proximity to public transport and the accessibility to other spaces that it generates, it is necessary to (i) overcome the dissociation between rail policies and urban policies; (ii) promote a (re)management and (re)design of the urban areas around stations based on density, compactness, diversity of uses and functions and adapt public space in favour of active mobility and its connection with different modes of public transportation; and (iii) improve transport infrastructure and services.



This type of approach arises as a response to negative effects on the environment, health and socioeconomic development that are derived from contemporary forms of production in cities, characterized by dispersion, low density, low compactness, social and functional specialization, and high dependence on private vehicles [3]. The lack of coordination among transport planning, urban planning and land management is the result of a lack of common criteria and different competencies and standards that have resulted in great difficulty in negotiating and reaching agreements between institutions at various scales [4], although the coordination between planning and transportation is continuously reclaimed.



Based on these paradigms and approaches, we propose a new reading on a regional scale, applying it to the case of the regional area of Madrid and the commuter rail network. The regional planning thus oriented results in a more polycentric and sustainable development model, both regarding the occupation of the territory and the mobility generated.



At the European level, the idea of taking advantage of the development potential of the areas around public transport stations, mainly railway stations, has been implemented, highlighting high-speed rail stations [5]. In the Spanish sphere, although there are quite a few studies that treat and highlight the role of the railway as one of the most incisive elements of territorial and urban organization [6,7], there is a scarcity of studies that evaluate the dynamics of growth and development around railway stations as well as a predominance of analyses linked to high-speed rail stations [8,9]. In Spain, there is little background regarding case studies that incorporate neither TOD nor NPM approaches (Table 1).



These studies show that (i) there is a recognition of the influence of urban form (density, compactness, mix of uses and functions, and design of public space) in the modes of travel, and, consequently, greater coordination is demanded between transport planning and urban planning; (ii) from the methodological point of view, there is no established systematic procedure oriented to the study of urban areas around stations to promote more sustainable urban spaces; this may be due to the still incipient application of these approaches, the different approaches and analyses that can be carried out on the interrelation between the railway station and its surroundings, and the particular geographical features of each place; and (iii) there is a lack of a thorough analysis of the urban areas of non-high-speed railway stations both in metropolitan contexts and in rural areas—such is the case for the commuter rail in the Madrid urban region.



In the context of the Spanish case, the proximity to a railway station and the accessibility that the train provides to other urban and metropolitan spaces can serve as strategic tools to develop or strengthen locations in terms of centrality and promote more sustainable mobility. From this perspective, we propose a new interpretation and analysis of territorial occupation based on the commuter rail network and the surroundings of stations. The main objective is to promote the transition from a metropolitan mobility and occupation model based on private motorization and dispersal towards another model organized in new polarities or centralities and more sustainable mobility patterns. The regional urban area of Madrid serves as the location for our case study and where we apply the model. Regarding planning and mobility, this urban region is characterized by three main features.



First, there is a predominance of urban plans marked by developmental approaches and dominated by a narrow municipal perspective about the treatment of problems and the identification of opportunities. This situation has been the cause of serious sociospatial and environmental imbalances [22,23].



The second feature is a lack of coordination among public transport modes [24], between transport planning and urban planning at the municipal and regional levels [19], and immobility before the implementation of a land management policy at the metropolitan scale [22]. Since its creation in the mid-1980s, the Madrid Cercanías unit, a commuter railway that connects the city of Madrid with its regional area, has been managed by Renfe Cercanías and has lacked full integration with the Madrid Regional Transport Consortium. In addition, the Community of Madrid has not approved any mobility laws or a regional mobility plan [25]. The creation of new urban growth together with existing public transport, such as growth developed in parallel to the construction of new public transport stations, lacks coordinated planning [19].



The third characteristic is the lack of an environmental and social strategy related to infrastructure investment in the Madrid region [26,27]. Although public transportation is more sustainable than private mobility [28], the average yearly investment in roads from 2005 to 2018 is around 200 million euros, while investment in the commuter railway is barely one tenth. Other authors have also highlighted that the tracks are underused, moving fewer trains according to their capacity, with wide margins of improvement in commercial speed, frequency, service reliability and the accessibility and interconnectivity of the stations with other modes of transport [24,27]. In turn, the lack of a strategy guided by sustainability criteria has meant that investments in high speed prevail over those in commuter rails when the latter moves a greater number of people than does the former. According to the Independent Authority for Fiscal Responsibility, Autoridad Independiente de Responsabilidad Fiscal, between 1990 and 2018, 55.9 billion euros were invested in AVE, compared to 3.7 billion euros invested in commuter railways [29], a figure that contrasts the number of annual travellers; in 2019, there were 34.5 million travellers in AVE, compared to 475.9 million travellers in commuter and regular railways—253.4 million in the Madrid commuter rail network [30]. In the same year, the amount of trains-km was 62 million for AVE and 81 million for commuter rail, and the offered seats-km were 21,220 million in AVE and 29,970 in commuter rail [31].



If public transport corridors, such as those along commuter rails, are effective for daily trips, mainly along the axis where the transport network runs [32], how has the model of mobility and occupation evolved on a metropolitan scale? Is progress being made towards a mobility model based on walking, cycling and public transport to the detriment of the use of private vehicles? Is there an urban culture aimed at promoting a denser and more compact occupation model, or has urban growth been favoured by leaps and bounds based on road infrastructure? Assuming the hypothesis that the more people live or work in the vicinity of a station, the greater the possibility of getting to it and leaving from it walking, cycling, or using other public transport modes (e.g., the bus), to what extent has growth and development been favoured in the municipalities with a commuter station compared to the municipalities that do not have a commuter station? Thus, given an existing infrastructure such as the commuter rail network and being aware that the urban area around the station is the “feeder” of mobility, what has been the land use in the surroundings of commuter stations and what room is there for growth in these areas?



This work addresses three objectives: (i) to study and describe the urban land expansion of the Madrid urban region and the mobility patterns of its population, with a focus on the commuter rail network; (ii) to analyse and characterise the municipalities of the urban region—with and without commuter stations—in terms of population, employment, and urban land, and investigate the relation between this characteristics and the use of commuter rail; and (iii) to investigate the urban development potential around the commuter station in the municipalities of the Madrid urban region.



According to the TOD concept, the analysis of the surroundings of the transit stations is common to most studies. Most of them, however, concentrate on the study of their current urban characteristics. Lately, in light of the 15 min city proposal [33,34], researchers repeatedly analyse the station surroundings in terms of accessibility with regard to daily destinations [35]. Our proposal, on the other hand, focuses not on the urban component of the areas around the stations, but on undeveloped land, to evaluate their potential to densify the areas in terms of people and destinations.




2. Materials and Methods


2.1. Case Study: The Madrid Urban Region


This research studies the Madrid urban region within the limits currently established by the Madrid Regional Transport Consortium, Consorcio Regional de Transportes de Madrid (CRTM), as shown in Figure 1. This exceeds the boundaries of the actual administrative region—i.e., the autonomous Community of Madrid—and extends through municipalities in the neighbouring regions of Castilla-La Mancha (Cuenca, Guadalajara, and Toledo provinces) and Castilla y León (Avila and Segovia provinces). Of the 15 Spanish urban regions that have a commuter rail service, Madrid has the largest network regarding commercial lines (9 lines, 2 of them fork into 2 other sub-lines), network length (391 km of tracks), number of stations (94 in total, 59 outside of the municipality of Madrid), daily services (1385 services) and passengers (almost 900,000) [36,37]. There are 35 municipalities that have a commuter railway station, although this figure increases to 45 when considering a catchment area radius of 1600 m around the station.




2.2. Research Methods


To address the first research objective—i.e., to investigate and describe the land occupation and mobility patterns in the Madrid urban region—three core factors are taken into consideration from a diachronic perspective (1990–2018): land use, the amount of artificial surface; basic sociodemographic data, the number of inhabitants and jobs; and some basic travel data, including the number of trips, transportation mode (private vehicle, public transport, others) and the origins and destinations (Madrid city, metropolitan belt, regional belt, or outside the autonomous community). These three factors have been used to characterise the sociospatial transformations in previous studies; this study, however, considers the three of them simultaneously and investigates their evolution for different time intervals, depending on the available data.



To investigate the evolution of the artificial land surface, data from the Evolution of Land Use in the Community of Madrid (1956–2005)—Evolución de la Ocupación del Suelo en la Comunidad de Madrid (1956–2005) [38]—and CORINE Land Cover [39] in 1990 and 2018 were used. Artificial surface is a direct indicator of urban expansion. For this work, artificial surfaces are grouped using three of the four categories that CORINE Land Cover identifies as artificial surfaces: urban fabric (areas mainly occupied by dwellings and buildings used by administrative/public utilities, including their connected areas); industrial, commercial and transport units (areas mainly occupied by industrial activities of manufacturing, trade, financial activities and services, transport infrastructures for road traffic and rail networks, airport installations, river and sea port installations, including their associated lands and access infrastructures); and artificial non-agricultural vegetated areas (areas voluntarily created for recreational use, including green or recreational and leisure urban parks, sport and leisure facilities). The fourth category—mines, dump sites and construction sites—was not considered.



Population data were obtained from the National Institute of Statistics, Instituto Nacional de Estadística, through the Population Census, Censo de Población, and the Continuous Population Register, Padrón Contínuo [40]. Data on the employed population were obtained from the 1991 Population Census; for 2018, the data were obtained from Social Security, Seguridad Social, affiliates provided by the Ministry of Inclusion, Social Security and Migration [41].



Mobility data was acquired from the Household Mobility Surveys, Encuestas Domiciliarias de Movilidad and prepared by the Planning and Coordination Commission of the Metropolitan Area of Madrid, Comisión de Planeamiento y Coordinación del Área Metropolitana de Madrid (COPLACO) in 1974 and 1981 [42] and the information prepared by CRTM in 1996, 2004, 2012 and 2018 [43]. (COPLACO was an autonomous body, of an urban nature, of the State Administration. It was created by law in 1963 to “promote, agree, guide, coordinate and supervise urban planning” within an area that included twenty-three municipalities located around Madrid, including that of this city. In 1983, within the process of building the State of the Autonomies, the functions of COPLACO were transferred to the Autonomous Community of Madrid) The data obtained from the Household Mobility Surveys in 1974 and 1981 consider the metropolitan area defined by COPLACO at that time, while the data subsequently obtained pertain to the urban region delimited by CRTM and were divided into fare zones.



To approach our second objective, we concentrated on the situation in 1991 and 2018 and examined the changes in this period in terms of population, employment, and artificial land, differentiating and comparing municipalities with and without stations. We characterized the municipalities of the Madrid urban region based on their population and employment densities and compared those with and without stations. We also classified the former based on the number of commuter rail trips (in and out) per population—using data from 2018, which were the most recent available—and investigated possible relations between the use of the commuter rail and the population and employment densities.



Lastly, to study the potential for urban growth around railway stations, we first analysed the evolution of artificial area from 1990 to 2018 using CORINE Land Cover data. Then, we analysed with greater detail the current amounts of each type of land from an urban development perspective. To do so, we distinguished following classifications according to the current legislation in Spain. Based on this, the land of a given municipality can be: (a) consolidated urban; (b) non-consolidated urban; (c) sectorized developable; (d) non-sectorized developable; and (e) non-developable land. The last item includes land that is protected and should not be developed for various reasons, e.g., environmental reasons or flooding risk, as well as land the current legal status of which does not allow the city to grow over it but could be developed in the future.



Analysis of the areas around the stations based on classifications according to current municipal urban planning provides a more refined estimate of how much land is likely to be built, on land already parcelled out, or undergo a new process of plot delimitation, urbanization and building around the stations. Based on this analysis of the types of land, we classified the stations and mapped the potential urban growth in the short, medium and long term around the stations. The short and medium terms were assimilated with the category of developable land, while the long term was assimilated with potentially developable land, i.e., the category of non-developable land, excluding from it what was protected.



We analysed the areas within 800, 1000, 1200 and 1600 m around each station, corresponding to walking trips of 10 to 20 min. The limits of the catchment area around a commuter rail station are not clear and vary across cultures and geographies. We set the limit as 1600 m (1 mile), as this is one of the maxima considered in previous studies [1,44,45,46] and considering that the travel times for this first or last mile could be much shorter for people using a bicycle, a personal mobility vehicle or other modes of public transportation to travel to/from the station.





3. Results and Discussion


3.1. Urban Expansion and Mobility Patterns in the Madrid Urban Region


In the last six decades, the Madrid urban region has increased its population by 5.5 million; this demographic growth has established it as one of the densest regions in Spain and Europe, reaching 508 inhabitants per km2 in 2018. During this period, the artificial surface grew by 1360.1 km2. However, the way in which the territory is occupied has changed from denser and more compact forms to less dense and more dispersed forms, thus increasing the urban footprint per inhabitant. In this sense, the proportion of urban land area per inhabitant increased from 65 m2 per capita in 1956 to 203 m2 per capita in 2018 (Table 2).



In parallel to this process of land occupation, increasingly fewer sustainable travel patterns are unfolding. According to the data provided by the Mobility Surveys by COPLACO in 1974 and by CRTM in 2018, mobility by private vehicle has increased from 23.0% to 39.0%, while travel on foot has decreased from 47.2% to 34.0%, and travel by public transport has decreased from 29.9% to 24.3%. Table 3 shows that, from 1988 to 2018, travel by public transport decreased considerably, while motorized mobility by private transport increased, increasing levels of congestion, especially after the economic crisis [47]. If we consider the evolution using the base index = 100, the relative indicator for the number of trips per day is considerably higher than that for jobs and population, which highlights the spatial mismatch in the location of jobs and the location of the population. This mismatch is the result of several factors; among them, notably, is that the labour market and the housing market obey different logics, and the current urban framework covers a city production process based on the low density and compactness and the high specialization of the built spaces. A reality that is also palpable is the increase in the number of vehicles per capita, increasing from 0.39 in 1988 to 0.74 in 2018, and the number of trips per day and per capita, increasing from 1.29 in 1988 to 1.61 in 2018.



Although it has not been possible to obtain disaggregated data at the municipal level, the Household Mobility Surveys provide information on the evolution of trips by mode of transport between areas (Figure 1 and Table 4). In the city of Madrid, the trend shows an increase in active mobility (on foot and by bike), a slight reduction in the use of public transport and a significant decrease in the use of private transport. Regarding the relations between Madrid and its metropolitan and regional belts, there is a decrease in trips by public transport and an increase in trips by private vehicle. This reality collides with the positive attributes of the radial character of the commuter train; it is a mode of transport that facilitates mass mobility between the periphery and the centre, and vice versa. One of the reasons why the use of this mode of transport has decreased is linked to the lack of investment and thus the lack of trains and services. This situation leaves the commuter train in a less competitive and attractive position compared to the private vehicle. Another reason is a lack of integration between urban planning (municipal administration) and regional transport planning (regional and national administrations), unable to promote the integration of the most sustainable transportation modes in the city or the area closest to the station [48]. Regarding the relationships that occur between the metropolitan belt and the regional belt, it is worth noting the increase in trips by public transport but the even greater rise in trips by private motorized vehicle. Thus, despite improvements such as the creation of parking lots in commuter stations or the implementation of intercity tangential bus services, private transport still is the most used mode of transport, with the greatest expansion in recent decades [32,48].



In short, the Madrid territorial model has moved from a monocentric-type structure based on compact and dense growth towards a more complex structure in which dispersion and polycentrism are intermingled in spatial areas increasingly distant from the centre and without meeting sustainable design criteria in the urban spaces that are produced. Consequently, this urban warp entails a progressive peripheralization and thus a more multidirectional nature of flows.




3.2. Characterization of the Municipalities with and without Commuter Stations


In the Madrid urban region, there are 250 municipalities with no commuter station and 45 (excluding Madrid) with at least one. As seen in Table 5, although Madrid has lost its majority share in relation to the population, it maintains its share in terms of employment, and it still is the main node of the regional urban system. The evolution and current proportion with respect to the population, employment and artificial land area show a commitment to an occupation model that does not seek to take advantage of the existence of the commuter network to promote greater growth in the municipalities with commuter stations. Thus, of the total demographic growth experienced in the Madrid urban region between 1991 and 2018, municipalities with a commuter station accounted for 804,400 people (47.4%), and municipalities without stations accounted for 916,700 (41.6%), while the population of Madrid city itself increased by 212,800 (representing only 11.0% of the total demographic growth of the urban region).



Regarding the increase in employment for the same period, the municipalities with a commuter station accounted for 22.4% of the regional total, and those without stations accounted for 19.3%, while the city share was as large as 58.3%—even greater than all the other municipalities combined.



The evolution of the population density and employment indices confirms that the urban and metropolitan space produced in recent decades is less dense. Considering the ratio between the commuter trips and the inhabitants in each municipality, Figure 2 shows a map of the degree of density for municipalities with and without a commuter station. This map illustrates that as we move away from Madrid city, densities go down. The only exceptions are the provincial capitals (Ávila, Guadalajara, Segovia, and Toledo) and sometimes one of their neighbouring municipalities, and the eastern and southern axes towards Guadalajara and Toledo, respectively.



In the municipalities without stations, very low densities prevail (200 out of 250, which account for 80% of them), while not even 1% reach a medium-high density (just 2 out of 250). On the other hand, among the municipalities with commuter stations, medium-low and medium-high densities dominate (67%), while there are also very low densities in 28% of them. They, however, are concentrated in the northwest, where the commuter rail was built with a more recreational purpose, to make the Guadarrama sierra, a National Park since 2013, accessible to Madrilenians.



Two clearly different spatial logics are clearly shown in the map. For the municipalities adjacent to Madrid, those in the south show higher densities (medium-high) than those in the north (medium-low to very low). Regarding the railway axes, municipalities in the south and east axes (medium-high and medium-low) are denser than the ones in the northwest axis (medium-low to very low).



Figure 2 indicates that urban density at the municipal scale does not mean higher ratios of commuter rail users. This is apparent in the northwest municipalities—which show great differences in commuters-to-population ratios and similar densities— but also in the other axes and the first belt around Madrid. Figure 3 confirms that there is no relation between these two factors.



This lack of relation between densities and levels of use may be due to several factors that we cannot test since relevant detailed data on services and use are not available. However, there are three we can suggest based on what the map shows. First, the analysis suggests that the production of the metropolitan urban space has been based on simultaneous growth with equal intensity in municipalities with and without commuter stations. It is a dynamic promoted by public and private agents who have developed the urban region and the commuter railway network with little or no coordination. Second, urban expansion has been carried out under dispersed forms of occupation, independent and not oriented to commuter stations. This has been supported by flows that progressively become peripheral, further away from the stations, and acquire a more multidirectional character, so that the radial commuter network has lost competitiveness to the road network. The development and configuration of the latter is the third factor that should be highlighted. In the last 3 decades, the road network in the Madrid urban area has been greatly developed. The historic radial configuration based on six roads that was conceived in the 18th century to connect the capital with the rest of the country (N-I to N-VI) was gradually adapted for the new means of transport, but in the last three decades, most have been not only widened and transformed into highways (A1 to A6), but also duplicated with new radial highways that run approximately parallel to the pre-existing ones (e.g., R2, R3, R4). On top of that, new concentric ring highways around Madrid have been built interconnecting the radial highways (M30, M40, M45, and M50).



One way to evolve towards a more sustainable urban development and mobility system could be to encourage the use of the existing commuter rail network and develop its full potential from a planning perspective. The following section explores urban development potential around the commuter stations and puts forward a classification based on their urban development capacity in the short, medium and long terms.




3.3. The Urban Development Potential of the Commuter Station Areas


The evolution of artificial surfaces between 1990 and 2018 shows that there is still a large amount of land that is not occupied around the stations (Table 6). In 2018, considering the total number of municipalities with a commuter station, there are almost 220 km2 of undeveloped land within a radius of 1600 m from the station. This area is greater than the urban growth experienced more than 1600 m away from the stations between 1990 and 2018 for all these municipalities, i.e., 176.4 km2. This suggests that urban expansion has not been informed by the location of the stations neither at the municipal nor the regional scales.



Table 7 shows that municipalities without a commuter station have a greater amount of non-consolidated urban land and developable land than municipalities with a commuter station. This suggests that, in a free market context and without an urban and metropolitan strategy that prioritises and shapes urban growth around the stations, there is a high probability that a diffuse occupation will prevail and be consolidated, making it more difficult to foster a more sustainable mobility.



Data show that there is room to grow and readjust the areas around the stations. There are 75.1 km2 of non-consolidated urban land and developable land within 1600 m of the stations. In addition, there are 49.8 km2 of potentially developable land (currently non-developable but not protected) that could be classified as urban land. In total, this accounts for 124.9 km2 1, which is 30% of the 415.8 km2 of the urban land built throughout history in those municipalities with a station.



Considering the developable and potentially developable land, Figure 4 shows a classification of station areas with different capacities for urban growth in the short, medium, and long terms: (i) Type I has low capacity for urban expansion (<50 ha of developable and <50 ha of potentially developable land); (ii) Type II has medium-low growth potential (50–100 ha of developable and 50–100 ha of potentially developable land); (iii) Type III has limited possibilities to develop in the short and medium terms (<100 ha of developable land) and greater options in the long term (>100 of potentially developable land); (iv) Type IV, just the opposite, has greater options in the long term (>100 of developable land) but limited possibilities in the short and medium terms (<100 ha of potentially developable land); and (v) Type V has great development potential now and in the future (>100 ha of developable land and >100 ha of potentially developable land).



This classification and the corresponding data show there is a lot of growth potential in the short and medium terms (predominance of Type IV) around many stations that are close to Madrid municipality along the south and east lines. If a coordinated urban and transportation strategy—both at the municipal and metropolitan scales—is established considering the existing urban land and the developable and potentially developable land in the areas around commuter railway stations, there is a lot of room for progress towards a more polycentric and more sustainable urban and regional development. In this sense, urban planning should ensure that new urban growth meets the density, compactness, and land use mix criteria. The urban areas around stations are the drivers of mobility. Therefore, the way in which the management and characteristics of land uses are established could make the commuter rail network more sustainable from environmental, social, and economic perspectives. This could facilitate an increase in investment in public transport, making it more competitive and convenient than other modes of transport that are less sustainable. More trains and more services, more buses and routes within the station areas, and a better-designed public space are needed.



It would be desirable that this combined strategy consider the whole urban region. However, other possibilities could be easier to coordinate and promote. Partial strategies by commuter rail lines would be very useful also—e.g., the contrats d’axe (axial agreements) implemented in France along the transit axis [49]. Municipalities with commuter stations along a common axis, by areas or for the whole urban region, could collaborate to promote, lead and coordinate new strategies and policies to maximize the development potential they represent, for example, promoting urban growth in station areas in the face of dispersion, launching mobility plans and designing public space in station areas, developing urban rehabilitation and regeneration policies to upgrade designs that are obsolete in physical terms and outdated in social terms or promoting commuter train stations as spaces for businesses, tourism, retail and education activities in the urban areas around the stations.





4. Conclusions


Improving the sustainability of current and future urban regions through unified—or, at least, coordinated—planning and transportation strategies is not new. It is the basis of the TOD concept. Although introduced in the 1990s, researchers still work on how to implement and apply the concept today in different situations around the world [50,51,52,53]. This study proposes that the interaction between a railway station and its surrounding urban area, when understood with network logic and as a system of nodes and places, can serve as a tool to reorient the processes of metropolitan diffusion, structuring a new multicentre system that supports a renewed economic and social vitality and articulates a more sustainable mobility model. To make this tool operational, three categories of analysis are distinguished: municipalities with a commuter station, municipalities without a commuter station, and urban station areas. The analysis of different dynamics (demographic, economic, mobility, etc.) through these categories allows an assessment of the extent of the potential benefits derived from the presence of a train station, the proximity to the station and the accessibility that the train provides to other urban and metropolitan spaces.



Based on this interpretation, the Madrid urban region has a powerful commuter rail infrastructure that is currently not used to its full potential and could further contribute to the sustainable development of the region. Now, there is no strategy or policy that identifies the importance of linking urban growth and development with the construction of a regional network of places (commuter stations and their surrounding areas) oriented to public transport (commuter network). This study could guide more-detailed and in-depth studies that, considering other factors and data not available to this research team, could guide not only the development of the areas around the station—investigated in this work—but also the location of future stations and the extension of the rail network based on the actual residential and employment densities as well as those planned by the municipalities. While this paper is being reviewed, a new station is being announced to be built by the Ministry of Transport, Mobility and Urban Agenda in one of the municipalities in the South (Parla) without considering a possible future urban development of the area but the construction of parking and “kiss and ride” areas [54,55].



There is a need to promote studies that analyse and provide ideas and proposals on how to take advantage of the growth and development potential not only of the areas surrounding commuter train stations on an urban and metropolitan scale, but also of conventional trains in urban areas and rural areas to respond to different current and near-future challenges such as depopulation, sustainable mobility, diffuse urbanization, and urban regeneration.
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Figure 1. The Madrid urban region and the commuter railway network. 
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Figure 2. Typology of municipalities by population and employment densities and by the rail commuters-to-population ratio in 2018. 
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Figure 3. Types of municipalities by density and passengers (in and out) per population in 2018. 
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Figure 4. Types of station areas based on their capacity for urban expansion in the short, medium, and long terms. 
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Table 1. Latest studies on TOD and the NPM in Spain since 2010.
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	Authors (Year)
	Transport Mode
	Study Location
	Indicators and Factors





	Cardozo et al. (2010) [10]
	Subway and bus
	Madrid
	Total number of passengers, number of subway lines, number of (inter)urban bus lines, net population, and employment density, mix of uses, and road density; 800 m radius



	Valenzuela et al. (2011) [11]
	Light rail
	Granada, Málaga and Seville
	Evaluation of plans and projects for light rail development relating to innovations in the environmental, urban, management and quality, economic, technological, social, and modal fields



	Bellet and Gutiérrez (2011) [12]
	High-speed rail
	Various Spanish cities
	Position of the station in the city and transformations in the urban structure



	Ortuño (2013) [13]
	N/A
	Alicante–Benidorm Axis
	Population, population density, economic situation, competence framework, role of actors involved, and existing urban legislation; 800 m radius



	Adelfio and Hamiduddin (2014) [14]
	Commuter rail
	Polvoranca (Madrid) and Freiburg (Germany)
	Extension, number of dwellings, density, mix of land uses, average size of dwelling, population between 6 and 18 years of age, population over 65 years of age, average number of residents, percentage of population employed, bus service, train trips (percentage of residents) and percentage of residents who travel by car and public transport; 500 m radius



	Fernández et al. (2014) [15]
	N/A
	San Vicente del Raspeig-University of Alicante
	Land use, accessibility of train and tram stops and opportunities; 800 m radius



	Soria and Valenzuela (2014) [16]
	Light rail
	Granada
	Residential density, diversity of activities (urban activities per 1000 dwellings; percentage of different urban activities), temporal coverage of activities (percentage of urban activities by time slot), levels of motorized traffic (vehicles per urban activities and buses per urban activities), influence of transversal axes; 250 m radius



	Bellet and Santos (2016) [17]
	High-speed rail
	Zaragoza and Valladolid
	Strategic metropolitan and urban plans: proposals for urban management (land use)



	Fernández-Morote et al. (2016) [18]
	Tram
	Alicante
	Ad hoc study of mobility, customer service staff, existence of taxi stops, number of (inter)urban bus destinations, bicycle parking capacity, daily (inter)urban bus frequency, vehicle parking capacity, rail accessibility, destinations reachable by the TRAM, daily frequency of TRAM use, number of workers by economic sector, resident population, and degree of functional mix; less than 1000 m radius



	Lamíquiz et al. (2017) [19]
	Metro and commuter rail
	Municipalities of the Madrid region
	Land occupation, gross area, net area, number of dwellings, density, and percentage of officially protected dwellings, area of uses, type of promotion and financing of the analyzed pieces, morphology, and pedestrian network; 600 and 800 m radii



	García-Palomares et al. (2018) [20]
	Subway
	Madrid
	Street network, synthetic indicator of accessibility (incorporates the number of people and jobs); 400 and 800 m radii



	Moyano et al. (2019) [21]
	High-speed rail
	Albacete, Ciudad Real and Toledo
	Street network (network readability, detours, orientation, section, presence of vegetation, street crossings, etc.)
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Table 2. Evolution of the population and artificial surface of the Madrid urban region in selected years. Source: National Center for Geographic Information and National Institute of Statistics of Spain.
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	1956 1
	1990
	2000
	2006
	2012
	2018





	Population
	1,823,410
	5,367,573 2
	5,682,617
	6,606,673
	7,222,115
	7,301,569



	Base index 100 = Year 1990
	
	100
	106
	123
	135
	136



	Artificial surface or urban land surface (km2)
	118.5
	704.6
	1036.0
	1312.2
	1482.1
	1478.6



	Base index 100 = Year 1990
	
	100
	147
	186
	210
	210



	Density in the Madrid urban region (inhabitants per km2) 3
	227
	373
	395
	459
	502
	508



	Proportion of area per inhabitant (m2 per capita)
	65
	131
	182
	199
	205
	203



	Base index 100 = Year 1990
	
	100
	139
	151
	156
	154







1: Evolución de la Ocupación del Suelo en la Comunidad de Madrid (Evolution of Land Use in the Community of Madrid) (1956–2005), prepared by the General Directorate of Urbanism and Territorial Strategy, Department of the Environment, Housing and Land Management of the Community of Madrid. 2: 1991 Census. There are no population data as of 1990. Starting in 1996, there are census data for every year. 3: The area of the Madrid urban region is 14,380 km2.
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Table 3. Evolution of trips by public transport and private transport in the Community of Madrid. Source: Mobility Survey of 1988, 1996, 2004, 2014 and 2018 and Statistical Yearbook of the Community of Madrid. 1985–2020 Transport and communications.
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	Year
	Trips in Public Transport
	Trips in Private Transport
	Trips per Day
	1988 = 100 (Trip/Day)
	Population
	1988 = 100 (Inhabitants)
	Trips per Day and per Capita
	Vehicles per Capita
	Jobs
	1988 = 100 (Jobs)





	1988
	2578 (53.2%)
	2270 (46.8%)
	4848 (100%)
	100%
	3,758,000
	100%
	1.29
	0.39
	1,420,400
	100%



	1996
	3311 (52.8%)
	2954 (47.2%)
	6266 (100%)
	129%
	4,783,000
	127%
	1.31
	0.55
	1,683,100
	118.4%



	2004
	4932 (49.3%)
	5068 (50.7%)
	10,000 (100%)
	206%
	5,714,000
	152%
	1.75
	0.64
	2,669,500
	187.9%



	2014
	4837 (48.3%)
	5180 (51.7%)
	10,017 (100%)
	207%
	6,495,000
	172%
	1.54
	0.66
	2,776,600
	195.4%



	2018
	2496 (40.0%)
	6240 (60.0%)
	10,400 (100%)
	213%
	6,507,000
	173%
	1.61
	0.74
	2,841,800
	200.1%
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Table 4. Evolution of daily trips (thousands) within and between the Madrid municipality, its metropolitan belt, its regional belt, and outside the Community of Madrid (i.e., beyond the boundaries of the province and autonomous community) in 1996, 2004 and 2018. Source: EDM (1996, 2004, and 2018).
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Public Transport

	
Private Motor Vehicle

	
Other




	

	
1996 1

	
2004 2

	
2018 3

	
1996

	
2004

	
2018

	
1996

	
2004

	
2018






	
Madrid city (municipality)

	
2216.8

	
2927.7

	
2414.9

	
1171.8

	
1712.6

	
1690.6

	
137.2

	
215.7

	
230.2




	
Madrid metropolitan belt

	
302.5

	
547.6

	
493.5

	
874.1

	
1676.1

	
2445.0

	
92.9

	
114.1

	
92.1




	
Madrid regional belt

	
11.3

	
16.3

	
23.4

	
105.0

	
229.5

	
326.7

	
16.3

	
31.4

	
24.4




	
Madrid city-metropolitan belt

	
721.5

	
944.3

	
791.9

	
683.6

	
1016.7

	
1232.9

	
54.9

	
81.7

	
55.3




	
Madrid city-regional belt

	
36.8

	
91.6

	
69.4

	
35.9

	
83.2

	
111.0

	
3.2

	
3.1

	
3.7




	
Metropolitan belt-regional belt

	
17.1

	
40.7

	
42.4

	
69.8

	
163.1

	
267.7

	
8.7

	
13.0

	
13.8




	
Outside the Community of Madrid

	
6.6

	
13.6

	
15.2

	
37.7

	
71.4

	
117.4

	
3.9

	
6.8

	
7.9








1: Of 4.9 million daily stages in public transport, commuter rail accounts for 10.9% (540,198). 2: Of 6.3 million daily stages in public transport, commuter rail accounts for 11.5% (733,396). 3: Of 5 million daily stages in public transport, commuter rail accounts for 13.0% (650,000).
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Table 5. Evolution of the population, the working population and the artificial land area, distinguishing municipalities with and without a commuter station, between 1991 and 2018. Source: 1991 and 2018 Population Census (INE), Workers Affiliated to Social Security (Ministry of Inclusion, Social Security and Migrations) and CORINE Land Cover (National Geographic Information Centre).
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Year

	
Urban

Region

	
Madrid

Munipality

	
Municipalities

without Station

	
Municipalities

with Station




	

	
Percent 1

	

	
Percent 1

	

	
Percent 1






	
Population

(thousands of people)

	
1991

	
5367.6

	
3010.5

	
56.1%

	
611.2

	
11.4%

	
1745.9

	
32.5%




	
2018

	
7301.6

	
3223.3

	
44.2%

	
1415.6

	
19.4%

	
2662.6

	
36.4%




	
1991–2018

	
+1934.0

	
+212.8

	
−11.9%

	
+804.4

	
+8.0%

	
+916.7

	
+4.0%




	
Working population

(thousands of people)

	
1991

	
2139.0

	
1224.2

	
57.2%

	
228.8

	
10.7%

	
685.9

	
32.1%




	
2018

	
3481.5

	
2007.0

	
57.7%

	
487.9

	
14.0%

	
986.6

	
28.3%




	
1991–2018

	
+1342.5

	
+782.8

	
+0.5%

	
+259.1

	
+3.3%

	
+300.7

	
−4.2%




	
Artificial land surface

(km2)

	
1990

	
704.6

	
208.8

	
29.6%

	
250.8

	
35.6%

	
245.0

	
34.8%




	
2018

	
1478.6

	
327.2

	
22.1%

	
626.2

	
42.4%

	
525.3

	
35.5%




	
1991–2018

	
+774.0

	
+118.4

	
−7.5%

	
+375.4

	
+6.8%

	
+280.3

	
+0.7%




	
Population density

(thousands per km2)

	
1991

	
762

	
1442

	
-

	
244

	
-

	
713

	
-




	
2018

	
494

	
985

	
-

	
226

	
-

	
507

	
-




	
Working population density

(thousands per km2)

	
1991

	
304

	
586

	
-

	
91

	
-

	
280

	
-




	
2018

	
236

	
614

	
-

	
78

	
-

	
188

	
-








1: Percentages correspond to the total amount in the Madrid urban region for the corresponding year. For the period 1991–2018, the variation in percentage is expressed.
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Table 6. Artificial land (km2) in 1990 and 2018 around commuter railway stations in the Madrid urban region. Source: CORINE Land Cover—National Geographic Information Centre.






Table 6. Artificial land (km2) in 1990 and 2018 around commuter railway stations in the Madrid urban region. Source: CORINE Land Cover—National Geographic Information Centre.





	

	
Total

	
Artificial Land in 1990

	
Artificial Land in 2018

	
Undeveloped Land in 2018




	

	
km2

	
km2

	

	
km2

	

	
km2

	






	
800 m buffer 1

	
112.6

	
51.8

	
46.0%

	
82.3

	
73.1%

	
30.3

	
26.9%




	
1000 m buffer 1

	
175.9

	
73.3

	
41.7%

	
119.0

	
67.6%

	
57.0

	
32.4%




	
1200 m buffer 1

	
253.3

	
94.5

	
37.3%

	
158.3

	
62.5%

	
95.0

	
37.5%




	
1600 m buffer 1

	
450.3

	
130.1

	
28.9%

	
233.8

	
51.9%

	
216.5

	
48.1%




	
Beyond the 1600 m buffer 2

	
2179.2

	
115.0

	
5.3%

	
291.4

	
13.4%

	
1887.7

	
86.6%




	
Municipality total

	
2629.5

	
245.0

	
9.35

	
525.3

	
20.0%

	
2104.2

	
80.0%








1: Buffers around the stations also include the land of neighboring municipalities if within the corresponding area. 2: Buffers around the stations only include the land in the municipality where the station is.
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Table 7. Amount of land types (km2) in the municipalities of the Madrid urban region and around the commuter rail stations. Source: Land classification of the Community of Madrid and Urban Information System—Ministry of Transport, Mobility and Urban Agenda.
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	Land type
	Madrid Urban Region
	Municipalities with Station
	Municipalities without Station
	Madrid Municipality
	800 m Buffer 1
	1000 m Buffer 1
	1200 m Buffer 1
	1600 m Buffer 1
	Beyond 1600 m 4





	Total 2
	13,040.0
	2481.2
	9954.2
	604.6
	
	
	
	
	



	Urban (consolidated) 3
	1090.1
	415.8
	438.0
	236.3
	69.1
	99.9
	132.2
	193.8
	222.0



	Urban (non-consolidated)
	136.4
	31.1
	55.5
	49.8
	5.9
	7.6
	10.0
	15.2
	15.9



	Developable (sectorized)
	592.4
	171.5
	339.0
	81.9
	11.4
	18.9
	28.3
	49.6
	121.8



	Developable (non-sectorized)
	375.5
	80.3
	281.9
	13.2
	1.1
	2.4
	4.1
	10.3
	70.0



	Non-developable (currently)
	10,845.7
	1782.6
	8839.7
	223.4
	
	
	
	
	



	Potentially developable
	
	
	
	
	20.5
	15.6
	24.3
	49.8
	506.9



	Protected non-developable 5
	
	
	
	
	17.1
	29.7
	46.7
	95.5
	1142.2







1: Around the stations, including land of neighboring municipalities without station inside the corresponding buffer. 2: The sum of the areas of the different land types does not add up the total area because for the municipalities with no general planning, no information is available. 3: Includes urban land and general systems. 4: Only includes land in the municipalities where the station is. 5: The Community of Madrid, through the Territorial Information System of the Community of Madrid (Classification and urban classification map of the Community of Madrid) updated as of 2019. See: https://datos.comunidad.madrid/catalogo/dataset/spacmvplaclasificacion2015, accessed on 15 May 2022.
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