
Article Not peer-reviewed version

Adjustments and Challenges of Rural

Inter-Urban Mobility: Post-COVID Public

Transport Trends in Sparsely Populated

Regions

Juan Miguel Vega Naranjo , Rafael González-Escobar , Montaña Jiménez-Espada * , Jonathan Galeano Vivas

Posted Date: 27 September 2024

doi: 10.20944/preprints202409.2199.v1

Keywords: public bus transportation; rural areas; demographic challenge and depopulation; patterns of

displacement mobility; accessibility to basic services; COVID-19

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/1539832
https://sciprofiles.com/profile/3872443


 

Article 

Adjustments and Challenges of Rural Inter-Urban 

Mobility: Post-COVID Public Transport Trends in 

Sparsely Populated Regions 

Juan Miguel Vega Naranjo, Rafael González-Escobar, Montaña Jiménez-Espada *  
and Jonathan Galeano Vivas 

Department of Construction, School of Technology, Research Institute for Sustainable Territorial 

Development (INTERRA), Universidad de Extremadura, Avda de la Universidad s/n, 10003 Cáceres, Spain 

* Correspondence: mjespada@unex.es; Tel.: +34-927-251-618 

Abstract: The aim of this research work consisted of assessing the effects of the COVID-19 pandemic on the 

interurban public transport system in a rural region with a sparse population density, considering the number 

of tickets sold and passengers in each locality, as well as the different connecting lines. From a methodological 

point of view and with the intention of identifying patterns to explain the behaviour of both routes and 

passengers, a series of variables were selected, becoming determining factors that sought to offer a solution to 

the search for a common trend. Additionally, data processing by means of statistical analysis and the 

application of Geographic Information Systems (GIS) tools complemented the procedure. The results obtained 

in the investigation were provided both by municipality and by interurban route. An interesting finding of the 

research was the uneven recovery of the municipalities. The localities closest to the attractor nucleus have 

recovered more quickly to pre-pandemic mobility levels due to their geographical proximity, larger 

population, higher income per household and the need to access certain public services. In terms of routes, all 

lines showed significant decreases in ticket sales, although with variations. Although passenger numbers have 

shown a gradual recovery, the initial loss was considerable, and pre-pandemic normality has not been 

completely achieved. The authors consider that future research should include other alternative means of 

transport in these interurban areas, incorporating variables to characterise passengers, such as age, gender...etc. 

Keywords: public bus transportation; rural areas; demographic challenge and depopulation; 

patterns of displacement mobility; accessibility to basic services; COVID-19 

 

1. Introduction 

The pandemic caused by COVID-19 spread around the world from 2020 onwards, causing a 

significant impact on many sectors, with transport being one of the most affected areas. The free 

movement of people, personal mobility alternatives, as well as the opportunity to travel or choose 

where to live within the borders of a single state is a fundamental right reflected in Article 13 of the 

Universal Declaration of Human Rights [1]. Similarly, Article 12 of the International Covenant on 

Civil and Political Rights recognises not only freedom of movement within a State, but also freedom 

of movement between states [2]. However, this right may be temporarily withdrawn or limited for 

reasons of public order, public health and public security. Nevertheless, the evolution of personal 

mobility has undoubtedly been a distinctive feature of globalisation. However, none of the 

contemporary crises, such as the 1973 oil crisis, the economic and financial crises of the 21st century, 

or the security crisis experienced in Spain after 11-S, have seen such a drastic disruption of mobility 

as has been evident recently [3].   

The advent of COVID-19 has represented a moment of change, where urban and inter-urban 

mobility has been diminished or reduced in many parts of the world [4–6], mainly through the 

various nationally decreed closures or quarantines in Europe, as seen in Italy [7], France [8], United 

Kingdom [9] o Spain [10]. In addition, the closure of all external European borders to non-essential 
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travel with the intention of curbing the spread of the virus is included in [11,12]. On the African 

continent, restrictions would come later [13], with evidence from studies of mobility patterns on the 

American continent in [14].   

Worldwide, the transport sector has slowed down as a direct consequence of the pandemic 

[15,16]. In 2003, in the Chinese city of Taipei [17], there was an outbreak of the Severe Acute 

Respiratory Syndrome (SARS) epidemic, which led to a drop in the number of metro passengers 

(around 1,200 passengers for each new case of SARS reported). Since then, the presence of a new 

disease has been noted, which is rapidly transmitted in a confined space between people, causing a 

new fear in the shared use of essential services such as public transport (an enclosed space), where 

the transmission of the disease could be favoured among the population. [18–20]. Consequently, 

rapidly transmitted infectious diseases are found to significantly affect people’s style and mobility 

[21].  

The COVID-19 pandemic has drastically transformed global mobility, altering travel patterns 

and social dynamics around the world. The public transport sector has been particularly hard hit [22], 

experiencing a massive reduction in ridership due to restrictive policies imposed by governments 

and widespread fears that these spaces represent a high risk of contagion. [23]. Measures taken to 

curb the spread of the virus, such as confinement orders [24] cancelling public events, limiting 

transport capacity, closing workplaces, and implementing remote work policies [25], have led to a 

significant decrease in out-of-home activities and available travel options. These restrictions have 

impacted on both the safety and quality of transport systems, reinforcing the perception of public 

transport as a potential transmission vector [26]. In many cities, this perception, together with social 

distancing policies, has led to a marked decline in the use of public transport, creating a trend that 

has only been partially and unevenly reversed. Thus, the pandemic has highlighted the vulnerability 

of public transport to global health crises, underlining the need for long-term adaptations to ensure 

the safety and sustainability of this essential sector.  

In Spain, intercity bus transport, particularly in rural areas with low population density, has 

experienced unprecedented challenges [27]. This sector, already facing challenges due to 

depopulation and lack of adequate infrastructure, has seen its difficulties exacerbated by the health 

crisis, further reducing demand for services and jeopardising the economic viability of many routes. 

The confinement and social distancing measures implemented during the pandemic have led to 

a drastic decrease in the number of public transport users in general. According to research, during 

the first months of the pandemic, public transport mobility decreased by more than 90% in some 

areas of Spain [28]. This situation particularly affected rural areas, where the frequency of bus services 

was already limited, exacerbating the isolation of smaller and more dispersed communities. 

In addition, the fear of contagion led to a change in behaviour among users, who began to avoid 

public transport in favour of private means of transport when it was possible to use them [29]. This 

disproportionately affected rural areas, where dependence on interurban transport increased due to 

the lack of alternatives. 

The combination of reduced demand, increased operating costs for mobility service 

concessionaires due to health safety measures, and dependence on public subsidies put the 

sustainability of interurban transport in many rural regions of Spain at risk. This situation has 

generated a debate on the need to reconfigure and subsidise more effectively this type of transport in 

order to prevent rural areas from becoming even more disconnected [30].  

 In Spain, several research projects have been carried out to find out the impact of the COVID-

19 pandemic on society, habits and behaviour after the pandemic, the impact on the economy, on the 

way people relate to each other, the new profile of users of public transport, etc. [31–33].   

In [34], the behaviour of public transport during the pandemic in several medium-sized Spanish 

cities is analysed, concluding a decrease in the use of public transport during the pandemic, followed 

by a gradual recovery. Although the city of Cáceres (the focal point of our study of interurban public 

transport) has a smaller population than the cities analysed, certain results could be comparable and 

serve as a basis for research. 
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The research carried out in [35] indicates that, due to the impact of the SARS-CoV-2 virus 

confinement [36], urban mobility, modal split and reasons for travel have been investigated.  

 Several studies carried out in the Community of Madrid have shown that the pandemic has led 

to changes in mobility patterns, such as an increase in telematic activities, fear of contagion, the 

adoption of healthier modes of transport and changes in the reasons for travelling, as reported in [37]. 

In addition, in [38] the study concludes that lower income groups were the highest users of public 

transport during the pandemic, showing smaller reductions in use. On the other hand, in [39] the 

short-term future demand for public transport is estimated and predicted, with the aim of providing 

an efficient service and avoiding congested areas. 

Other locations in Spain outside the Madrid region have also been analysed. In [40], the impact 

of the pandemic on regular public passenger transport has been analysed in two different periods, 

one during the pandemic and the other post-pandemic over 12 months. In both periods, the results 

showed a decrease in the number of passengers, however, with the arrival of the New Normal, a 

partial recovery in bus use was observed. 

On the other hand, in [41] a study was carried out in which the use of private cars and personal 

mobility vehicles had increased, together with the increase of soft transport to the detriment of bus 

use. In [42] bus transport services have also been a focus of attention where the impact of COVID-19 

confinement showed that urban mobility changed and hence bus use. They also stated that the bike 

sharing system regained a higher percentage of use than the bus system. 

Another study on the impact of COVID-19 on the use of public transport in Spanish cities was 

carried out in [43] , where a project was developed to determine areas of high and low traffic demand 

during the State of Alarm, with inconclusive results on the relationship between traffic intensity and 

average speeds for the periods chosen by the authors. However, it could be corroborated that the 

number of trips made on urban roads had decreased by 22.6% compared to pre-pandemic values.   

Most of the works consulted have analysed the problem of the effects of the COVID-19 outbreak 

on public transport using two sources of information to obtain data: the use of Big Data technology 

to define and quantify interprovincial mobility through the positioning of mobile phones and 

surveys. Firstly, the information collected through mobile phones [44] with Google Mobility Report, 

Apple Mobility, Moovit deriving from mobility reports carried out by the Spanish Ministry of 

Transport, Mobility and Urban Agenda [45]. However, this type of methodology has the 

disadvantage that the data provided by these applications do not represent real public transport 

journeys or the mode of transport itself [38]. Secondly, the development of surveys often fails to 

achieve the desired approach when the data obtained in the sample is not representative of the 

percentage of the population analysed and public transport users. 

Another procedure or type of data used to determine the evolution and impact of the pandemic 

on the public transport service is to quantify the number of passengers who purchase a ticket or use 

contactless cards, which makes it possible to count the number of passengers. This type of approach 

has been carried out by the authors [34,38–40,42], who conclude that the experience has been 

satisfactory from the point of view that it has been possible to identify the real impact of COVID-19 

in medium-sized Spanish cities using quantitative data. 

There is also a shift in mobility patterns towards more sustainable transport, reducing the 

number of trips, as well as a shift towards more sustainable modes such as public transport and active 

or soft modes [46]. This shift in mobility patterns is centred on strong trends such as teleworking, 

commuting patterns, fear of contagion and the adoption of healthier modes [47]. These developments 

have been enhanced as a result of COVID-19, as telework and fear of contagion have been the triggers 

for modal shift. In addition, the authorities increased the frequency of services and implemented 

vehicle sanitation measures to avoid loss of passengers, including fare subsidies to help make public 

transport more attractive and thus compensate for fuel increases [37,48].   

The change in mobility experienced with the arrival of the coronavirus is in direct conflict with 

the guidelines of the 2030 Agenda, in terms of the increase in the use of private vehicles in interurban 

areas. In the case of public transport, goal 11 of the 2030 Agenda refers to ensuring access to safe, 

affordable, accessible and sustainable transport systems for all [49]. However, the fear of temporarily 
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living in enclosed spaces with strangers, not respecting safety distances, etc., would lead to an 

imminent refusal to use public transport. 

This research work emerges from the concern to evaluate the impact of the pandemic caused by 

COVID-19 on interurban public transport in the area of influence of a medium-sized city, understood 

as a rural area with a low population density where public transport is positioned as the essential 

mode of transport for the inhabitants of this area. The main objective of this research is to identify the 

impact of the pandemic on the mobility habits of regular public transport users in rural areas, taking 

as a reference the number of tickets sold and passengers in each locality, as well as the different 

connection lines. In addition, it is considered essential to identify six key variables that, together with 

the implementation of GIS tools, allow us to explain the patterns of behaviour in the use of public 

transport. In this way, we seek to understand the possible changes in mobility in rural areas during 

the onset of health crises.  

2. Materials and Methods 

The methodology developed in this research consists of six distinct parts: (1) literature review, 

(2) obtaining reference data by searching in institutional repositories with open access information, 

(3) acquisition and request of interurban public transport data from public administrations, (4) 

selection of variables, (5) data processing by statistical analysis and (6) application of Geographic 

Information Systems (GIS) tools. Figure 1 shows the methodological process carried out in the 

research. 

 

Figure 1. Methodology flowchart. 

This study is based on a detailed methodological process designed to analyse the impact 

generated by the COVID-19 pandemic on interurban bus transport in a metropolitan area consisting 

of small municipalities with a markedly rural character. The research followed a logical sequence of 

stages, beginning with an exhaustive bibliographic review that allowed us to identify and select the 

key articles related to the subject under study. This review focused on the search for previous works 

that explored how mobility developed in rural and urban areas, how public transport was used 

during times of pandemics, and what effects confinement policies had on the mobility of the 

population. In this regard, scientific academic sources, specialised databases and case studies were 

reviewed in order to establish a solid theoretical framework. 
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Subsequently, the main sources of information were identified, including both open access 

public data made available by local and regional administrations, as well as information obtained 

through direct contact with inter-city transport concessionaires. In addition, public administrations 

provided researchers with crucial data on policies implemented during the pandemic, mobility 

restrictions and public transport usage statistics. In addition, extensive information was collected on 

bus routes in the study area, service frequencies and possible variations in transport demand prior to 

the pandemic, during the critical period of infection and afterwards. 

A really significant part of the information analysed was provided by the Directorate General of 

Mobility and Transport (attached to the Department of Infrastructure, Transport and Housing of the 

Regional Government of Extremadura). This administration, at the formal request of the researchers, 

provided a database reflecting the study period from 2019 to 2022, structured in such a way as to 

show the 365 days of the year and the times of each service provided by the interurban transport 

concessionary companies, i.e., at what time of day each bus crossed a municipality and made a stop 

on its route. They also provided: the direction of the line (outward or return), the route (origin and 

destination), the cost of the service, the code and name of the route, as well as the company that 

managed the line for each concession in the interurban area of Cáceres. 

The data sources consulted in institutional repositories include, firstly, the National Statistics 

Institute (INE), from which the demographic data necessary to ascertain the real situation of the 

population in each of the municipalities in the area under study were obtained. These data were 

segregated according to age, in five-year age groups and by sex (differentiating between men and 

women). In addition, economic data were also extracted in relation to the average net income per 

household for each of the localities and the economic activities and percentage of the population 

employed in each sector. Secondly, through the General Directorate of Traffic (DGT), the number of 

vehicles in each of the municipalities was obtained in order to obtain the motorisation rate. Thirdly, 

the Sustainable Urban Mobility Plan (PMUS) developed by the Cáceres Provincial Council has served 

as a source of information to obtain the reasons for journeys, possible links between municipalities, 

etc. 

In the variable selection phase, a series of critical factors were identified and analysed in order 

to understand the potential impact of the pandemic on interurban transport. In this sense, it was 

decided to include parameters that would allow for the evaluation of geographic, demographic and 

economic aspects. Similarly, it was also decided to consider criteria related to the needs and desires 

that the population might express regarding the use of public transport, such as, for example, the 

frequency of use of this means of transport before and during the pandemic, the perception of risk in 

relation to its use, and changes in mobility patterns. 

On the other hand, the execution of the statistical analysis and data processing constituted a key 

stage in the research process. Network analysis techniques were applied with the intention of 

identifying correlations between the selected variables and the trends observed in the use of public 

transport. These analyses made it possible to identify patterns and trends that were not immediately 

apparent to the naked eye, providing a deeper understanding of the factors that could influence 

mobility during the pandemic period. 

Finally, the results obtained were represented graphically using Geographic Information 

Systems (GIS) tools, specifically the specific ArcGIS Pro programme, which makes it possible to carry 

out spatial analyses. These tools facilitated the visualisation of the changes experienced in mobility 

at a territorial level, making it possible to identify the areas most affected by the decrease in the use 

of public transport. The maps generated made it possible to illustrate the relationship between the 

decrease in demand and the variables analysed. In addition, graphic representation was used to 

effectively communicate the results of the analysis, facilitating the interpretation of the data and 

allowing for an eminently visual evaluation of the impact of the pandemic in the different localities. 
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2.1. Study Area 

In order to identify the impact experienced by interurban public transport as a result of the 

COVID-19 pandemic in the Network of Sustainable Municipalities of Cáceres (RMSC), the study area 

defined in Figure 2 is established. 

 

Figure 2. Location map of the study area. 

It can be seen that the RMSC is made up of those municipalities in the province that border the 

municipality of Cáceres. This medium-sized city is the focus of the daily trips made from the 

surrounding municipalities to the provincial capital, which acts as the true socio-economic, 

administrative and commercial axis of the study area. The study area is made up of a series of 

municipalities that are annexed to the functional urban area of the city of Cáceres: Alcuéscar, Aldea 

del Cano, Aliseda, Arroyo de la Luz, Botija, Brozas, Cáceres, Casar de Cáceres, Casas de Don Antonio, 

Garrovillas de Alconétar, Herreruela, Malpartida de Cáceres, Montánchez, Plasenzuela, Santa Marta 

de Magasca, Santiago del Campo, Sierra de Fuentes, Talaván, Torremocha, Torreorgaz, 

Torrequemada and Trujillo. 

It is appreciated that the city of Cáceres is positioned as a cultural, tourist and economic reference 

point in the study area, which is articulated by means of a communications network that facilitates 

inter-municipal travel. These include the A-66, which links the whole province from north to south, 

and the A-58, which connects Cáceres and Trujillo with the A-5 dual carriageway. Apart from the 

high-capacity roads, there is also a network of national and regional roads linking the municipalities 

of the RMSC with the city of Cáceres. Finally, it is worth mentioning the road network belonging to 

the Cáceres Provincial Council, which establishes a larger network of interconnections between 

smaller municipalities. 
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2.1.1. Demographic Data of the RMSC 

With regard to population data, the RMSC is made up of 21 municipalities bordering the 

municipal district of the city of Cáceres, with a total of 40,276 inhabitants, distributed as shown in 

Figure 3. 

 

Figure 3. Representation of municipalities based on population. 

As can be seen in Figure 3, the most populated municipality is the provincial capital (Cáceres), 

with over 95,000 inhabitants. It is followed by the municipalities of Arroyo de la Luz, Malpartida de 

Cáceres, Casar de Cáceres and Trujillo. It should be noted that a large part of the population in the 

RMSC is elderly. Analysing the demographic data using a population pyramid (Figure 4), it can be 

seen that most of the residents in the municipalities of the RMSC are over 50 years of age, with a 

predominance of the male gender. However, as age increases, women show a higher life expectancy. 

It is important to note that births are very low, with only 2.97% of the population in the 0-4 age group. 

On the other hand, in the city of Cáceres, a higher figure is observed in comparison with the localities 

studied, with 3.62% of the population corresponding to children between 0 and 4 years of age. 
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Figure 4. Population comparison between the RMSC and the city of Cáceres. 

In the population pyramid of Cáceres, there is no narrowing at the base, indicating the presence 

of a young population, thanks to a constant flow of births. However, the majority of the population 

is in the middle age bracket, between 35 and 39 years of age, reflecting a mature community. Despite 

this, the proportion of older people continues to grow, resulting in an increasingly ageing society. 

It is therefore stated that, both in the municipalities of the RMSC and in Cáceres, society is 

characterised by a regressive population pyramid, marked by a generalised ageing due to a low birth 

rate, which leads to negative vegetative growth and poses potential socio-economic and demographic 

challenges. 

2.1.2. Economics of RMSC 

Economic development in the study area characterized as a rural environment could be expected 

to focus on the primary sector, with activities such as livestock, agriculture and fishing, due to the 

extensive agroforestry and grazing areas. However, the predominant sector is the service sector, 

driven mainly by tourism. This sector does not behave uniformly throughout the territory, with 

Cáceres standing out as an economic and cultural centre, recognized as a World Heritage City by 

UNESCO in 1986 and home to numerous festivities of tourist interest. In addition, other localities 

have protected natural spaces and historical-artistic sites, attracted a large number of tourists and 

consolidated the service sector as the predominant segment both in Cáceres and in the municipalities 

of the RMSC. 

In the case of the research carried out, the average net income per household has been considered 

as a key economic variable in the selected localities, since it can be related to the predominant 

economic activity in each municipality. Taking as a reference the employed population (those persons 

over 16 years of age of working age), four groups have been identified taking into account the average 

net income. The first group includes Cáceres, with an income above €30,000. In the second group, 

with incomes above €25,000, are Malpartida de Cáceres, Sierra de Fuentes, Torreorgaz, Casas de Don 

Antonio and Trujillo. The third group includes towns with incomes between €20,000 and €25,000, 

such as Aldea del Cano, Casar de Cáceres, Torrequemada, Arroyo de la Luz, Torremocha, Brozas, 

Talaván, Plasenzuela, Montánchez, Alcuéscar, Botija, Garrovillas de Alconétar and Santiago del 

Campo. Finally, the fourth group is made up of localities with incomes below €20,000, these being 

Aliseda, Herreruela and Santa Marta de Magasca. 
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2.1.3. Motorization Rate 

The “motorization rate” is understood as the ratio between the number of private vehicles and 

the total population in a given territory. Based on this definition, in our research this rate or index 

has been calculated taking into account only private vehicles (passenger cars) and taking as a 

population criterion those persons of driving age. As a result, three different groups were identified. 

In the first group, with a rate between 60 and 80%, are the towns of Santa Marta de Magasca and 

Santiago del Campo. The second group, with values between 80% and 100%, includes the towns of 

Torremocha, Torrequemada, Herreruela, Plasenzuela, Casas de Don Antonio, Talaván, Malpartida 

de Cáceres, Torreorgaz, Botija, Brozas and Montánchez. In the last group, there are municipalities 

with an index higher than 100%, such as Alcuéscar, Sierra de Fuentes, Aldea del Cano, Garrovillas 

de Alconétar, Trujillo, Arroyo de la Luz, Casar de Cáceres and Aliseda. 

2.1.4. Links with Cáceres 

Relations between municipalities are often marked by dependencies in areas such as health, 

education and public administration (including services such as tax collection offices, tax offices and 

courts). These dependencies may be functional, based on geographical proximity or the services 

offered, or they may arise because the municipalities are located in the same region or community. It 

should be noted that the territorial and administrative structure of the regions does not have a 

consensus among experts and, in fact, the regions have no official administrative recognition or 

regulation. However, commonwealths or Local Action Groups (LAG) represent a form of voluntary 

association between municipalities with similar characteristics, allowing them to offer goods and 

services to a wider population and promote a more efficient territorial development, considering the 

communications network and the orography of the area. 

Connections between municipalities and the provincial capital decrease in intensity as 

populations move away from it. These connections can be classified at different levels, such as 

administrative, educational, health, commercial and leisure. On the administrative level, the 

dependence is evident, since most of the regional and state delegations are located in the capital. 

However, there are also regional offices of various regional ministries in municipalities such as 

Montánchez, Trujillo and Arroyo de la Luz, and other offices, such as the offices of the Autonomous 

Collection Body of the Provincial Council of Cáceres, which are located in Trujillo, together with tax 

offices and courts of first instance. In addition, notary and land registry offices are located in 

municipalities such as Montánchez and Trujillo. 

Relationships are not limited to the administrative sphere, but also include educational and 

health aspects. For example, a secondary school in a municipality may serve students from the entire 

area, or a doctor’s office may depend on a health centre with 24-hour emergency services. 

These dependency relations serve to establish the zoning of the study area of our research, since 

traditional divisions such as regions or communities are not always applicable to all the 

municipalities of the RMSC. In the case under study, the zoning criterion used was the population of 

the localities, dividing them into four ranges as shown in Figure 3. 

Although it can be seen that this classification is neither perfect nor definitive, given that there 

could be other distributions that better reflect the relationships of dependence or proximity to the 

capital, it should be understood as a practical tool for the objectives of the research, which 

contemplate examining the relationships between the municipalities and the capital of Cáceres in 

relation to the use of the bus as a means of transportation, considering the existing dependencies and 

the services available. For this reason, in Figure 5 is displayed a zoning based on the factors 

previously mentioned. 
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Figure 5. Proposed zoning in the RMSC based on the dependency relationships between 

municipalities. 

In Figure 5, it is proposed a zoning into four functional areas. The eastern, southern and Cáceres 

zones stand out for having clear interdependent relationships, with evident links between 

municipalities in health, administrative matters, etc., either with the capital in the case of the Cáceres 

zone, or with other municipalities with a higher hierarchy in their area, such as Trujillo in the eastern 

zone and Montánchez in the southern zone. On the other hand, the fourth zone groups together 

localities where relations are weaker or non-existent, or are oriented towards municipalities outside 

the Network. 

2.2. Description of Bus Lines 

In the RMSC study area, a total of 12 interurban transport lines have been identified that connect 

the surrounding municipalities with the city of Cáceres. Of these lines, eight originate in 

municipalities within the RMSC itself, while the remaining four begin outside the autonomous 

community of Extremadura. Each of these lines is designated by a route code, regardless of the name 

indicating its origin and destination. Figure 6 below presents these lines graphically, showing their 

route through the territory studied. 
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Figure 6. Representation of bus routes on the interurban area of Cáceres. 

Looking at Figure 6, there are a dozen lines with a total of 501.5 kilometres of bus connections 

between all the towns that make up the area of influence of Cáceres. However, the extension and 

route of these lines is greater, since the starting point of each route is not always located in these 

towns. Most of the lines cross Local Action Groups such as Sierra de San Pedro - Los Baldíos, Tajo - 

Salor - Almonte, Miajadas - Trujillo and Montánchez - Tamuja, although they do not cover all of these 

areas. 

The layout of the routes, represented in the form of a “cross”, leaves the southwest area without 

coverage by the network’s buses. This is due to the presence of the N-523 road, which connects both 

provincial capitals, but does not cross any locality or neighbourhood belonging to the Network of 

Sustainable Municipalities of Cáceres. 

A more detailed explanation of the lines, considering the concessionaire of the service, the 

localities through which they run, length, etc., can be found in Appendix A. 

2.3. Data 

The data provided by the different public administrations, it was feasible to obtain a solid 

database, where the total number of passengers for each year within the period analysed was 

recorded, as well as the number of tickets sold from each locality to the city of Cáceres and vice versa. 

It was also feasible to know the total number of passengers traveling on each of the exposed lines in 

order to know the resulting impact of the COVID-19 pandemic on interurban public transportation 

in the RMSC. However, it should be noted that of the 21 municipalities studied, there are two from 

which it was impossible to obtain complete information during the four years: Botija and Plasenzuela. 

2.4. Variables Selection 

In order to identify patterns that explain the behaviour of both routes and travellers, a series of 

variables or indicators have been selected to characterize mobility by interurban public transport. 
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These parameters are: economic development (economic variable), the desire or need to go to the 

capital (need to travel), distance (geographical variable), mobility, frequency and demographics 

(population variable), which are determining factors that seek to offer a solution to the search for a 

common trend. Each parameter analysed is then defined more precisely: 

- Economic development: it is determined using the average net income per household, in order 

to establish the economic development of the RMSC. 

-Need to travel: it involves the requirement to go to the provincial capital in order to satisfy 

demands for public services that cannot be met in the locality of origin. This variable is calculated 

from the number of tickets sold to Cáceres. 

- Distance: consider the distance in kilometres from each municipality to the capital, taking into 

account the bus routes available as a means of communication. 

- Mobility: it examines the number of vehicles (private cars) per inhabitant in each locality of the 

RMSC. 

- Frequency: this parameter evaluates whether the bus passes through each municipality on a 

daily basis, including weekends. 

- Demography: analyses carefully the total population of each locality. 

Figure 7 shows each of the variables previously mentioned in the methodology. 

Each variable under analysis is represented by a different colour in a graduated manner (from 

lighter to darker), as can be seen in Figure 7. 

 

Figure 7. Representation of the analyzed variables. 

3. Results 

The results obtained in the research are provided in two complementary ways: (1) by 

municipality: in relation to the six variables described (the most and least affected municipalities are 

analysed, those that recover more and less quickly and those that recover worse and better after the 

pandemic), considering additionally the number of tickets sold; and (2) by route: where the 

interurban bus lines with the greatest affluence of the RMSC and the impact that COVID-19 had on 

them are made known. 
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3.1. Analysis by Municipality 

In this context, the first line of research based on the number of tickets sold and the joint analysis 

of six variables reveals that, although all municipalities of the RMSC have recovered travellers after 

the pandemic, previous levels have not yet been reached. According to the analysed data of the total 

number of travellers, in 2020 ticket sales decreased by 51% compared to 2019 (considered as a 

benchmark year). In 2021, 64.3% of tickets were sold and in 2022, sales reached 81.7% compared to 

2019. These results show a gradual recovery in the use of the bus as a means of transportation in the 

rural area analysed, although the demand prior to the health crisis has not yet fully recovered. 

However, the recovery has not been uniforming in all municipalities. The analysis of the 

aforementioned variables has made it possible to identify how the recovery has been in each locality, 

yielding diverse results. These studies highlight differences in the number of passengers recovered, 

the speed with which demand has been reestablished, and other specific factors evaluated during 

each year of the study period. The first analysis obtained (Figure 8) focuses on the most and least 

affected municipalities during the year 2020 (when the pandemic caused a significant reduction in 

the use of public and collective transportation, due to social distancing measures and restrictive 

policies on non-essential travel implemented to mitigate the spread of the virus in the region). 

 

Figure 8. Municipalities that have been most and least affected by COVID-19. 

Looking at Figure 8, three groups can be distinguished, represented by different shades of 

colour. Darker shades correspond to municipalities less affected by COVID-19, while lighter shades 

indicate localities that suffered a greater negative impact on bus use during the pandemic. 

Intermediate shades represent municipalities that did not show significant changes. 

The municipalities in darker shades share a common pattern: their strong dependence on or link 

to the capital. This group, composed of localities located less than 20 kilometres from the capital and 

with a larger population (between 2,000 and 5,000 inhabitants), stands out for having suffered less 

from the effects of the pandemic. An exception is Aldea del Cano, which, despite having a smaller 

population, maintains a strong connection with the capital, which has mitigated the impact of the 

health crisis. Proximity to the capital and a high average net income per household are common 
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factors in these municipalities, which have recorded ticket sales slightly above 50%, with a maximum 

of 61.6%. 

On the other hand, municipalities in lighter shades have been the most affected, with ticket sales 

below 50%. These localities, generally more remote, with a smaller population and less dependence 

on the capital, do not show a clear pattern in the variables analysed. 

Finally, the municipalities represented in intermediate shades have suffered the impact of the 

virus, although less severely than others. Their balanced situation between the capital and nearby 

localities has allowed them to meet their needs without depending exclusively on a single urban 

centre. In short, their intermediate position has allowed them to mitigate the effects of the pandemic 

to a greater extent than the most affected municipalities. 

The variables of frequency and mobility also play an important role. Municipalities close to the 

capital do not have at least one vehicle per person. However, the daily frequency of the bus in these 

areas encourages its use rather than private transport. In contrast, more distant municipalities have 

a higher motorization rate because the bus frequency is not daily, forcing their residents to rely more 

on private vehicles. 

The second analysis obtained (Figure 9) is related to the locations that recovered faster in 2021 

than in 2019, again finding 3 differentiated groups. 

 

Figure 9. Municipalities that recovered fastest from COVID-19. 

The localities closest to the capital are represented in darker tones, being these the ones that 

experience a faster recovery one year after the pandemic with ticket sales exceeding 65% during that 

year. In addition to geographic proximity, factors such as a larger population (except in the case of 

Aldea del Cano) and the need to access services in the capital influence the rapid recovery, even in 

localities that are not so close but depend on public transport to access these services. 

On the other hand, the localities represented in paler shades are those that take longer to recover. 

These share a distant location from the capital, have a smaller population and average net income, as 

well as an ill-defined need to commute to the main city. In these areas, ticket sales do not exceed 50%, 

indicating that they are still suffering the consequences of the SARS-CoV-2 virus. 
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Municipalities in intermediate shades do not show significant changes. These areas are 

characterized by diffuse inter-municipal relations, since, although they are close to smaller 

municipalities than the capital, their needs are covered locally, which decreases their dependence on 

public transport and, consequently, reduces the number of users in these areas. 

Once again, the variables of frequency and mobility are fundamental. Localities close to the 

capital recover quickly due to the high frequency of au-buses. In contrast, in the more distant and 

intermediate areas, where the motorization rate is medium-high, the use of private automobiles for 

trips to nearby localities is more common. This is due to the fact that public transportation in these 

areas has a limited frequency, which does not adequately cover the demand for intermunicipal 

mobility. 

The third and final analysis (Figure 10), reflects the worst and best recovering localities in the 

year 2022, two years after the onset of the COVID-19 pandemic, which significantly disrupted 

mobility and public transportation use. 

 

Figure 10. Municipalities that recovered worst and best from COVID-19. 

Municipalities in darker shades follow the pattern previously observed, where proximity to the 

capital, higher population and high income influence the use of public transport. The proximity to 

the capital makes these municipalities opt for public transport to avoid inconveniences such as lack 

of parking and high fuel costs, encouraging more sustainable mobility options. In these localities, 

ticket sales exceeded 80%, evidencing a superior recovery compared to other municipalities. 

However, pre-pandemic demand levels have not yet been reached, suggesting that public transport 

recovery remains a challenge in the post-pandemic context, especially in rural areas. 

In lighter shades, municipalities with a slower recovery after the pandemic, the de-escalation 

phases and the post-pandemic period are grouped together. In these localities, the need to commute 

to the capital has historically been low, limiting the demand for public transport. Instead of heading 

to the big city, they prefer to satisfy their needs in nearby municipalities. In these areas, ticket sales 

have not exceeded 50%, remaining at around 45%, a figure significantly lower than that recorded in 

previous years. 
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Finally, municipalities in intermediate tones present undefined links with the capital, which 

reduces the frequency of public transport use. These localities tend to benefit from their proximity to 

other municipalities, reducing their dependence on the capital and the need to travel to it by public 

transport. 

Once again, high bus frequency, combined with a low motorization rate, has contributed to a 

better recovery in municipalities close to the provincial capital two years after the onset of the 

pandemic. In contrast, the more remote municipalities, which require less travel to the capital, have 

shown a less effective recovery due to low public transport frequency and greater reliance on private 

vehicles. 

In addition, supplementary data (the number of tickets sold and the number of travellers who 

have used the bus) have also been considered in this research. Previously, it was observed how the 

flow of users declined in 2020 and gradually increased in subsequent years. However, this recovery 

has been uneven in each year compared to the pre-pandemic period and varies in each municipality. 

Figure 11 shows the evolution experienced in each locality of the RMSC. 

 

Figure 11. Total number of tickets sold per municipality and year. 

Taking into account the number of tickets sold, the passengers who have used the bus and the 

variables shown in Figure 7, the municipalities closest to the capital stand out, particularly Arroyo 

de la Luz, Casar de Cáceres and Malpartida de Cáceres. These localities not only have a larger 

population, but are also located less than 20 kilometres from the capital, which generates a strong 

need to travel to it. Although Trujillo is more distant, it also stands out for its high demand for 

transportation and its considerable number of inhabitants, which significantly increases the number 

of travellers. 

In contrast, municipalities farther away from the capital tend to head for closer destinations, 

without the need to travel to the big city. These alternative destinations, thanks to their strategic 

location and the services they offer, act as centres of population attraction, functioning as regional 
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headwaters. These regional poles of attraction make it possible to satisfy local needs without having 

to travel to the capital. 

Although the increase in ridership has been gradual, each locality has experienced this recovery 

at its own pace. Factors such as perimeter closures and the fear of SARS-CoV-2 contagion in closed 

and shared spaces influenced the fluctuation in the use of public transport, as well as the adoption of 

more sustainable and healthier means of transport. 

In this context, starting from 2019 (baseline value of ticket sales), a significant drop was observed 

in 2020, when only 51% was sold compared to the previous year. In 2021, the percentage rose to 

64.3%, reflecting a decrease in the fear of contagion in public transport. Finally, in 2022, sales reached 

81.7%, consolidating the bus as a key means of mobility in rural areas and reaffirming its importance 

in the daily lives of their inhabitants. 

3.2. Bus Route Analysis 

In the second line of work of this research, the route network that connects all the cores of the 

analysed localities is examined. On a general level, as with the municipalities, 2019 stands out as the 

best year in terms of activity compared to 2022. Although it was expected that, with the time elapsed 

since the pandemic, the number of trips would have matched or even exceeded, the data reveal that 

no such recovery has been achieved. 

Ticket sales in each year clearly reflect this impact. In 2020, ridership declined by 49.6% 

compared to 2019. In 2021, the figure recovered to 62.2% of previous levels. By 2022, the volume of 

users reached 80.2% compared to the year before the pandemic. These data highlight the negative 

effect that the COVID-19 pandemic has had, from total confinement nationwide to perimeter closures 

and mobility restrictions in the Autonomous Community of Extremadura, significantly affecting the 

municipalities studied. 

The analysis reveals that the interrelationship between municipalities varies according to the 

services and goods that each one offers. This influences the number of travellers using each route, 

which depends on both the municipality of destination and the municipality of origin. In addition, 

the flow and volume of passengers on each route are conditioned by the localities it crosses, so that 

routes connecting areas with higher population density register more passengers. 

However, despite the fact that 2019 was the reference year with the highest number of 

mobilizations, not all routes behaved uniformly during the period studied. This variability is 

reflected in Figure 12, which compares the total number of tickets sold on each route with the total 

population of the municipalities, according to the 2019 reference data. 

 

Figure 12. Percentage of total tickets sold per year on each route compared to 2019. 

Figure 12 shows how the evolution of bus lines has varied from year to year. In 2020, during the 

peak of the SARS-CoV-2 virus, ticket sales were generally uniform across all routes, except in some 
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areas with lower sales volume. In 2021, all routes exceeded 50% of tickets sold, and some even 

reached levels higher than those prior to the pan-demic, especially in locations where bus use is more 

frequent. In 2022, routes stabilized, with most remaining between 70% and 90% of tickets sold. 

When analysing the behaviour of the routes after the pandemic, it is observed that the 

municipalities farthest from the capital have experienced a notable increase in the number of 

travellers, while those closer to the capital have seen a more modest increase. 

However, the data show variations according to the analysis approach applied. Two types of 

analysis were carried out: the first, combining and normalizing the data on tickets sold on each line 

with the total annual sales; and the second, normalizing these data according to the population of the 

municipalities through which the bus travels. In both cases, the number of tickets sold on each route 

shows patterns similar to those observed above, although with differences according to each 

normalization methodology used 

To facilitate understanding, figures corresponding to both analysis methodologies are 

presented, allowing a comparative evaluation of the situations described. 

The analysis of Figures 13 and 14 shows a clear differentiation in ticket sales over the years, with 

special emphasis on routes that pass-through localities close to the capital or with larger populations. 

Figure 13 shows that ticket sales remain relatively constant in the four periods analysed, although 

with some fluctuations on routes in the north (JEV-012), east (JEV-003 and JEV-008) and southeast 

(JEV-007) zones. 

 

 

Figure 13. Percentage of tickets sold per route each year. 
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Figure 14. Percentage of tickets sold per route considering the population of the municipalities. 

In the north zone, an average of 13.8% of the tickets sold during the entire period was recorded, 

placing it in second position in terms of sales. In the east zone, the two routes combined account for 

approximately 60% of total sales, ranking first. The southeast zone is in third place with 11.9% of 

tickets sold. Both the north and east zones, due to their proximity to the capital, good communication 

routes and higher population density, show a significant volume of sales. On the other hand, the 

southeast zone experiences an increase in the flow of tickets due to the need of the larger localities to 

access the capital. 

Figure 14 reflects a close correlation with the former. This is because, when the tickets sold in 

each municipality correspond to areas with larger populations, both the municipalities and the 

associated routes tend to attract more users. 

4. Discussion 

This research has evaluated the impact of the COVID-19 pandemic on the mobility habits of 

public transport bus users in the rural and interurban area of Cáceres. The main objective was to 

determine whether the pandemic caused a decrease in the number of users and how their mobility 

patterns have changed in an area characterized by low population density and limited accessibility. 

According to [52,53] accessibility in rural areas is a determining factor for the mobility of their 

inhabitants. Rural settlements with better accessibility tend to show greater interrelation and 

displacement towards the city of Cáceres, mainly due to their proximity to the main communication 

routes. However, this mobility is not only due to the favourable geographic location, but also to the 

need to access services, employment, health care and commercial options that are not available in 

rural localities. The lack of diversity in these services forces residents to commute to major urban 

centres to meet basic needs related to work, education, health, and shopping [54,55]. This has led to 

an increase in the use of the private vehicle as the predominant means of transportation, as pointed 

out by various authors [56,57]. Although public transportation is a viable option, its use remains 

limited, in part due to the fear generated by COVID-19, especially because of the perceived risk of 

sharing enclosed spaces with strangers [58,59]. In addition, deficiencies in the frequency, schedules, 

and availability of public transportation contribute to its low demand [60].  

This study has confirmed that the provincial capital continues to be the main destination for 

trips from the rural municipalities in the area analysed, even surpassing trips within the same 

localities. This phenomenon is more evident in the municipalities close to the capital. However, as 

the distance increases, the preference for the capital as a destination decreases and people opt for 

trips to other larger municipalities, reflecting how geographic proximity and transportation 

infrastructure influence the choice of destinations [61,62].  

The transportation sector, specifically the bus sector [63,64], has suffered significant losses due 

to the COVID-19 pandemic, as the mobility of people was drastically reduced for an extended period. 

Social distancing measures led to reduced capacity in public transport, causing a decrease in the 

number of trips and, consequently, economic and social losses [56]. Our study confirms this trend 

through the analysis of the number of tickets sold, a methodology also used by other authors. During 

the State of Alarm, as well as during the continuous extensions and de-escalation phases, the number 

of users on public road transport lines decreased significantly in several regions of Spain. For 

example, in [40] the drop reached 46,1%, in [42] it was 20%, in [38] it reached 95%, and in medium-

sized cities such as in [34] it fell by up to 90%. In our city, which is of medium size, but with a 

predominantly rural area, a decrease of 49.6% was observed in 2020. Although there has been a 

gradual recovery, by 2022 only 80.2% of the pre-pandemic number of users has been reached.  

This research has also shown that the impact of COVID-19 in municipalities close to a provincial 

capital has been significant. In this context, the capital acts as a pole of attraction for surrounding 

municipalities due to the lack of services in rural localities as reported in [65]. This dependence on 

the capital is reflected in the 64.3% reduction in the number of travellers during the pandemic, 

although in the last year it has recovered to 81.7%. These data coincide with the results obtained in 
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the routes analysed, which shows the strong link between these municipalities and the capital to 

satisfy their basic needs. 

On the other hand, there are other methodologies to measure mobility, such as traffic counters, 

control camera recordings [35], monitoring using Bluetooth signals [39] and radar systems [43], 

which, although they recorded a significant reduction in traffic during the confinement, also 

confirmed the drastic decrease in the number of vehicles and, therefore, people in motion. However, 

other research has used surveys [37,38,41,66–69] to assess the impact on public transport, although 

this method has limitations, as it fails to capture representatively the entire population using public 

transport [70].  

Another relevant finding of this research shows an upward trend in the number of people who, 

after the pandemic, return to using the bus to travel in the interurban area of Cáceres. This trend is 

motivated by the essential need to move around, forcing users to opt for public transport, although 

in many cases they resort to the use of private vehicles with the help of relatives or neighbours [66]. 

The analysis of this evolution has been possible thanks to a four-year time frame (2019-2022), which 

has made it possible to evaluate both the situation before the pandemic and the subsequent 

progressive recovery. In comparison, other studies [35,38,39,41,43] have focused exclusively on the 

confinement and de-escalation periods, whereas some authors [34,40,42] have analysed both pre- and 

post-pandemic years, coinciding with our temporal approach.  

This work has identified some limitations, such as the lack of data in some specific contexts. 

Nevertheless, the methodology used is considered adequate from the point of view of the 

implementation of study variables and the analyses developed (both by municipality and by route), 

complemented with supplementary data (the number of tickets sold and the number of passengers 

who have used the bus). It could be considered of interest to carry out future research that employs 

more transportation options in addition to the bus in these interurban areas and that, in addition, 

would allow differentiating users according to their age, gender, etc. 

5. Conclusions 

The aim of this research was to analyse the effect of the COVID-19 pandemic on the mobility 

habits of public transport users in a rural area of low demographic density in Spain. The findings 

obtained allow us to identify changes in mobility patterns and to observe the progressive recovery of 

the number of users after the initial impact of the pandemic. 

The pandemic, characterized by fear of contagion in enclosed spaces and contact with strangers, 

caused a significant decrease in the use of public transport. During the State of Alarm, along with its 

ensuing extensions, de-escalation phases and perimeter closures, ticket sales declined by as much as 

50%. However, after the easing of restrictions, the numbers gradually began to recover. By 2022, 

ridership had returned to near pre-pandemic levels, suggesting a trend towards normalization of 

mobility in the intercity area analysed. 

One of the most relevant aspects of this investigation is the interconnection between rural 

municipalities and the attractor urban nucleus. As restrictions decreased, there was an increase in the 

connections between municipalities, especially those close to the provincial capital. Medium-sized 

urban cores and their surrounding rural areas present different mobility needs than areas with larger 

cores. While rural areas depended significantly on the services offered by the central urban core, more 

densely populated areas tended to be more self-sufficient. The provincial capital, due to its 

concentration of services, continued to be the main destination for commuting from the surrounding 

rural areas, especially from smaller municipalities with fewer services. 

The analysis also showed that mobility to the more populated city was crucial for the quality of 

life of residents in the rural area under study. In many cases, commuting was essential, as was the 

case of commuters. The capital city was the preferred destination for commuting from the 

municipalities in the study area, even surpassing trips within the same localities. This pattern was 

more pronounced in the municipalities close to the capital, while the greater the distance, the 

preference for that municipality decreased in favour of other larger municipalities within the RMSC. 
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The importance of the large city as a generator of trips was evident in most of the municipalities, 

although the degree of dependence varied according to the size of the population. Smaller 

municipalities, with fewer facilities and services, depended more on the city and other larger centres 

that concentrated schools, health centres and public administrations. In contrast, the larger 

municipalities, with more diversified socio-demographic and economic characteristics, showed less 

dependence on the provincial capital, which translates into a reduction in trips to that municipality 

and an increase in trips within the municipalities themselves or to other urban centres. 

An interesting finding of the research was the uneven recovery between the towns closest to the 

capital and those farther away. The closest localities have recovered more quickly to pre-pandemic 

mobility levels due to their geographic proximity, larger population, higher household income and 

the need to access the capital’s services. Although these localities also suffered a reduction in the 

number of users during the health crisis, their recovery has been more effective compared to more 

distant or less connected areas. 

Finally, the study showed the impact of COVID-19 on the bus routes connecting these 

municipalities. Of the twelve routes analysed, all experienced declines in ticket sales, albeit with 

significant variations. While ridership has shown a gradual recovery, the initial loss was considerable 

and normalcy has not yet been fully achieved. 

In conclusion, this investigation highlights how the COVID-19 pandemic has altered mobility 

habits in rural and peripheral areas of a medium-sized city. Although recovery has been remarkable, 

especially in municipalities closer to the capital, challenges remain related to dependence on urban 

services and the need to adapt public transport to the new post-pandemic realities. It is crucial to 

continue research to better understand the dynamics of mobility in these areas and to develop 

strategies that promote more accessible and efficient transportation for all residents. 
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Appendix A 

The following list details the interurban bus transportation lines that run through the different 

rural localities of the study area. Each route plays a crucial role in intermunicipal connectivity, 

providing transportation between localities and improving mobility. A breakdown of the existing 

routes is presented, including specific details on their length, the towns they pass through and the 

companies that operate these services. 

- JEV-002 Route Sierra de Fuentes – Cáceres. It connects the municipalities of Sierra de Fuentes 

with Cáceres with a length of 15.2 kilometres and it is managed by the company Duran Bus S.L. 

- JEV-003 Aliseda – Cáceres. José Ramon Mena Autobuses S.L. known as Mena is the company in 

charge of co-connecting the municipalities of Aliseda, Arroyo de la Luz, Malpartida de Cáceres 

and Cáceres in a route of 45.4 km. 

- JEV-005 Route Garrovillas de Alconétar – Cáceres. It connects the municipalities of Garrovillas 

de Alconétar with Cáceres and the company Herederos de Juan Gil Hernández, S.L. is in charge 

of it. This route has an extension of 36.4 km. 
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- JEV-007 Route Montánchez – Cáceres (EX206). Managed by the local company of the 

municipality of Montánchez Solís Autocares, S.L. and connecting the municipalities of 

Montánchez, Albalá, Torre de Santa María, Valdefuentes, Torremocha, Torrequemada, 

Torreorgaz and Cáceres in an extension of 46.8 km. 

- JEV-008 Route Valencia de Alcántara – Cáceres. Route managed by the company El Gato S.L. and 

connects the municipalities of Valencia de Alcántara, Membrío, Salorino, Herreruela, Malpartida 

de Cáceres and Cáceres in service 1 within this line. In the service 2 offered by this line is the one 

that connects Aliseda with Arroyo de la Luz, Malpartida de Cáceres and Cáceres coinciding with 

the route JEV-003 so when this fact happened from the regional government it was decided to 

suppress the route JEV-003 from the year 2021, however, to carry out our study we have chosen 

to maintain the route JEV-003 active and to suppress the service 2 of the JEV-008 in order to have 

a single service within this route that would join the towns of Herreruela, Aliseda, Malpartida de 

Cáceres and Cáceres having this service an extension of 49.5 km. 

- JEV-009 Route Santa Marta de Magasca – Cáceres. Line managed by the company Alsa - Mirat 

that connects the municipalities of Santa Marta de Magasca with Trujillo and Cáceres, being this 

line the 36th service within this concession. This line covers a total of 31.9 km. 

- JEV-010 Route Alía – Cáceres. It has the concession of the bus company Alsa - Mirat and runs 

through 14 towns starting from Alía and going through Guadalupe, Cañamero, Logrosán, Zorita, 

Conquista de la Sierra, Herguijuela, Pago de San Clemente, Madroñera, Trujillo until arriving in 

Cáceres. This line covers a total of 50 kilometres. 

- JEV-011 Route Acehúche – Cáceres. It is managed by the company Autocares Noreste S.L. and 

departs from Acehúche passing through Ceclavín, Zarza la Mayor, Piedras Albas, Alcántara, 

Mata de Alcántara, Villa del Rey, Brozas, Navas del Madroño, Arroyo de la Luz, Malpartida de 

Cáceres until arriving at Cáceres. This line runs through a total of 12 municipalities with an 

extension of 49.9 kilometres. 

- JEV-012 Route Casar de Cáceres – Cáceres. This route is managed by Autocares Hnos. Fdez. 

Palomino, S.L. and has two types of services, although both connect in the same way Casar de 

Cáceres - Cáceres and vice versa, these combinations are broken down by where they circulate 

differentiating the ser-vice 1, it does it by the national road N-630 and service 2 by the 

conventional road CC-324. All in a route of 31.9 km in total. 

- JEV-016 Ruta Torrejón el Rubio – Cáceres. This line runs along the EX-390 regional road 

connecting the municipalities of Torrejón el Rubio, Monroy, Talaván, Hinojal, Santiago del 

Campo and Cáceres and is managed by the company Emiz, S.L. This route has an extension of 

44.1 km 

- JEV-025 Route Oliva de la Frontera – Cáceres. The concession is held by the bus company 

Autocares de Badajoz S.L., and it connects the towns of Oliva de la Frontera, Jerez de los 

Caballeros, Brovales, Burguillos del Cerro, Zafra, Los Santos de Maimona, Villafranca de los 

Barros, Almendralejo, Torremejía, Mérida, Carrascalejo, Aljucén, Casas de Don Antonio, Aldea 

del Cano, Valdesalor and Cáceres. It has a length of 52.4 km, taking into account only the 

municipalities of the Network through which the old route JE-018-C used to run (Montánchez, 

Alcuéscar, Casas de Don Antonio, Aldea del Cano), although by a different route, so the regional 

government decided to join both lines and leave a single active service in order to link several 

municipalities both inside and outside the Network. 

- VAC-051 Route Madrid – Badajoz – Valencia. This route is the only one that connects two 

municipalities within the Sustainable Network of Municipalities of Cáceres, which are Trujillo 

and Cáceres, but the line originates in a town outside the autonomous community of 

Extremadura. 

References 

1.  Organización de las Naciones Unidas. Declaración Universal de Derechos Humanos. 

2.  Organización de las Naciones Unidas. Pacto Internacional de Derechos Civiles y Políticos; 1966; 

3.  Martín, M.M. Restrictions on the Free Movement of Persons in the EU during the COVID-19 Era: Towards 

an Uncertain Future. Araucaria 2020, 311–335, doi:10.12795/ARAUCARIA.2020.I45.13. 

4.  Chinazzi, M.; Davis, J.T.; Ajelli, M.; Gioannini, C.; Litvinova, M.; Merler, S.; Pastore Y Piontti, A.; Mu, K.; 

Rossi, L.; Sun, K.; et al. The Effect of Travel Restrictions on the Spread of the 2019 Novel Coronavirus 

(COVID-19) Outbreak; 2020; 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2199.v1

https://doi.org/10.20944/preprints202409.2199.v1


 23 

 

5.  Rasca, S.; Markvica, K.; Ivanschitz, B.P. Impacts of COVID-19 and Pandemic Control Measures on Public 

Transport Ridership in European Urban Areas – The Cases of Vienna, Innsbruck, Oslo, and Agder. Transp 

Res Interdiscip Perspect 2021, 10, doi:10.1016/j.trip.2021.100376. 

6.  Martin, S.; Bergmann, J. (Im)Mobility in the Age of COVID-19. International Migration Review 2021, 55, 

660–687, doi:10.1177/0197918320984104. 

7.  Governo Italiano Registrato Alla Corte Dei Conti Il 9 de Marzo de 2020 Ufficio Controllo Atti PCM Ministeri 

Della Giustizia e Degli Affari Esteri e Della Cooperazione Internazionale. 

8.  République Française Décret 2020-293du 23 Mars 2020 Prescrivant Les Mesures Générales Nécessaires Pour 

Faire Face à L’épidémie de Covid-19 Dans Le Cadre de L’état D’urgence Sanitaire; 2020; 

9.  Laverty, A.A.; Millett, C.; Majeed, A.; Vamos, E.P. COVID-19 Presents Opportunities and Threats to 

Transport and Health. J R Soc Med 2020, 113, 251–254. 

10.  Poder Judicial España Real Decreto 463/2020, de 14 de Marzo, Por El Que Se Declara El Estado de Alarma 

Para La Gestión de La Situación de Crisis Sanitaria Ocasionada Por El COVID-19; 2020; 

11.  Linka, K.; Peirlinck, M.; Sahli Costabal, F.; Kuhl, E. RAPID INNOVATIVE COMMUNICATION Outbreak 

Dynamics of COVID-19 in Europe and the Effect of Travel Restrictions. 2020, 

doi:10.1101/2020.04.18.20071035. 

12.  Comisión Europea Viajes Durante La Pandemia de Coronavirus. 

13.  Mogaji, E. Impact of COVID-19 on Transportation in Lagos, Nigeria. Transp Res Interdiscip Perspect 2020, 

6, doi:10.1016/j.trip.2020.100154. 

14.  Badr, H.S.; Du, H.; Marshall, M.; Dong, E.; Squire, M.M.; Gardner, L.M. Association between Mobility 

Patterns and COVID-19 Transmission in the USA: A Mathematical Modelling Study. Lancet Infect Dis 2020, 

20, 1247–1254, doi:10.1016/S1473-3099(20)30553-3. 

15.  Abu-Rayash, A.; Dincer, I. Analysis of Mobility Trends during the COVID-19 Coronavirus Pandemic: 

Exploring the Impacts on Global Aviation and Travel in Selected Cities. Energy Res Soc Sci 2020, 68. 

16.  Rankavat, S.; Gurram, A.R.; Pawar, D.S.; Kushwaha, V. Study of COVID-19 Impact on Users’ Perception 

for Transport Modes Choice in India. IATSS Research 2023, 47, 73–83, doi:10.1016/j.iatssr.2023.01.005. 

17.  Wang, K.-Y. How Change of Public Transportation Usage Reveals of the SARS Virus in a City. PLoS One 

2014, 11, doi:10.1371/journal.pone. 

18.  Ferguson, N.M.; Cummings, D.A.T.; Cauchemez, S.; Fraser, C.; Riley, S.; Meeyai, A.; Iamsirithaworn, S.; 

Burke, D.S. Strategies for Containing an Emerging Influenza Pandemic in Southeast Asia. Nature 2005, 437, 

209–214, doi:10.1038/nature04017. 

19.  Troko, J.; Myles, P.; Gibson, J.; Hashim, A.; Enstone, J.; Kingdon, S.; Packham, C.; Amin, S.; Hayward, A.; 

Van-Tam, J.N. Is Public Transport a Risk Factor for Acute Respiratory Infection? BMC Infect Dis 2011, 11, 

doi:10.1186/1471-2334-11-16. 

20.  Cartenì, A.; Di Francesco, L.; Henke, I.; Marino, T.V.; Falanga, A. The Role of Public Transport during the 

Second Covid-19 Wave in Italy. Sustainability (Switzerland) 2021, 13, doi:10.3390/su132111905. 

21.  Muley, D.; Shahin, M.; Dias, C.; Abdullah, M. Role of Transport during Outbreak of Infectious Diseases: 

Evidence from the Past. Sustainability (Switzerland) 2020, 12. 

22.  König, A.; Dreßler, A. A Mixed-Methods Analysis of Mobility Behaviour Changes in the COVID-19 Era in 

a Rural Case Study. European Transport Research Review 2021, 13, doi:10.1186/s12544-021-00472-8. 

23.  Tapiador, L.; Gomez, J.; Vassallo, J.M. Exploring the Relationship between Public Transport Use and 

COVID-19 Infection: A Survey Data Analysis in Madrid Region. Sustain Cities Soc 2024, 104, 

doi:10.1016/j.scs.2024.105279. 

24.  (I) Ministerio de la Presidencia, R. con las C. y M.D. Real Decreto 463/2020, 14 de Marzo, Por El Que Se 

Declara El Estado de Alarma Para La Gestión de La Situación de Crisis Sanitaria Ocasionada Por El COVID-

19. 2020, núm. 67. 

25.  Seguridad Nacional. Gabinete de la Presidencia del Gobierno El Gobierno Decreta El Estado de Alarma 

Para Hacer Frente a La Expansión de Coronavirus COVID-19 2020. 

26.  Gutiérrez, A.; Miravet, D.; Domènech, A. COVID-19 and Urban Public Transport Services: Emerging 

Challenges and Research Agenda. Cities Health 2021, 5, S177–S180, doi:10.1080/23748834.2020.1804291. 

27.  De Luca, C.; Tondelli, S.; Elisabeth Aberg, H. The Covid-19 Pandemic Effects in Rural Areas; 2020; 

28.  Abellán, J.; González, E.; Rueda, F. Impacto Del COVID-19 En La Movilidad En Transporte Público En 

España. Revista de Movilidad y Transporte 2021, 12, 45–60. 

29.  Sträuli, L.; Tuvikene, T.; Weicker, T.; Kębłowski, W.; Sgibnev, W.; Timko, P.; Finbom, M. Beyond Fear and 

Abandonment: Public Transport Resilience during the COVID-19 Pandemic. Transp Res Interdiscip 

Perspect 2022, 16, doi:10.1016/j.trip.2022.100711. 

30.  Ortega Prieto; Gómez Lobo Sostenibilidad Del Transporte Interurbano Regiones Rurales de España. 2022. 

31.  Julio Gómez-Pomar El Impacto Del Coronavirus En La Movilidad y En El Sector Del Transporte 2020. 

32.  Ministerio de Transportes, M. y A.U. Observatorio Del Transporte y La Logística En España. Informe Anual 

2022.; 2023; 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2199.v1

https://doi.org/10.20944/preprints202409.2199.v1


 24 

 

33.  Guillén-Pujadas, M.; Gutiérrez-Aragón, Ó.; Fondevila-Gascón, J.-F.; Vilajoana-Alejandre, S. Perfil de Los 

Usuarios Del Servicio Del Transporte de Pasajeros: Taxis y Vehículos de Transporte Con Conductor (VTC) 

En España Tras La Pandemia Del COVID-19. INNOVA Research Journal 2023, 8, 67–82, 

doi:10.33890/innova.v8.n2.2023.2227. 

34.  Marco Dols, P.; García Crespo, H. Vista de Impacto Del COVID-19 En El Transporte Público Urbano de Las 

Ciudades Medias Españolas Available online: 

https://revistaseug.ugr.es/index.php/cuadgeo/article/view/25345/26958 (accessed on 23 February 2024). 

35.  Aloi, A.; Alonso, B.; Benavente, J.; Cordera, R.; Echániz, E.; González, F.; Ladisa, C.; Lezama-Romanelli, R.; 

López-Parra, álvaro; Mazzei, V.; et al. Effects of the COVID-19 Lockdown on Urban Mobility: Empirical 

Evidence from the City of Santander (Spain). Sustainability (Switzerland) 2020, 12, doi:10.3390/SU12093870. 

36.  Gorbalenya, A.E.; Baker, S.C.; Baric, R.S.; de Groot, R.J.; Drosten, C.; Gulyaeva, A.A.; Haagmans, B.L.; 

Lauber, C.; Leontovich, A.M.; Neuman, B.W.; et al. The Species Severe Acute Respiratory Syndrome-

Related Coronavirus: Classifying 2019-NCoV and Naming It SARS-CoV-2. Nat Microbiol 2020, 5, 536–544. 

37.  Al-Akioui, A.; Monzon, A. Spatial Analysis of COVID-19 Pandemic Impacts on Mobility in Madrid Region. 

Sustainability (Switzerland) 2023, 15, doi:10.3390/su151914259. 

38.  Fernández Pozo, R.; Wilby, M.R.; Vinagre Díaz, J.J.; Rodríguez González, A.B. Data-Driven Analysis of the 

Impact of COVID-19 on Madrid’s Public Transport during Each Phase of the Pandemic. Cities 2022, 127, 

103723, doi:10.1016/J.CITIES.2022.103723. 

39.  González, A.B.R.; Wilby, M.R.; Díaz, J.J.V.; Pozo, R.F. Characterization of COVID-19’s Impact on Mobility 

and Short-Term Prediction of Public Transport Demand in a Mid-Size City in Spain. Sensors 2021, Vol. 21, 

Page 6574 2021, 21, 6574, doi:10.3390/S21196574. 

40.  Díaz de la Rosa, E. El Impacto de La Pandemia Del Covid-19 En El Transporte Público Regular de Pasajeros 

Por Carretera de Tenerife. 2021. 

41.  Facal, E.P.; Manjon, I.M.; Plasencia-Lozano, P. Impact of COVID-19 on Urban Transportation Habits in the 

City of Gijón. Transportation Research Procedia 2021, 58, 535–542, doi:10.1016/J.TRPRO.2021.11.071. 

42.  Orro, A.; Novales, M.; Monteagudo, Á.; Pérez-López, J.B.; Bugarín, M.R. Impact on City Bus Transit 

Services of the COVID-19 Lockdown and Return to the New Normal: The Case of A Coruña (Spain). 

Sustainability (Switzerland) 2020, 12, doi:10.3390/su12177206. 

43.  Linares-Unamunzaga, A.; Serrano-López, R.; Rojo-Arce, M. IMPACT ON URBAN MOBILITY OF 

PREVENTIVE MEASURES AGAINST COVID-19 DURING THE STATE OF ALARM. THE PARTICULAR 

CASE OF A MEDIUM-SIZED CITY; 2021; 

44.  Osorio Arjona, J. Analyzing Post-COVID-19 Demographic and Mobility Changes in Andalusia Using 

Mobile Phone Data. Sci Rep 2024, 14, doi:10.1038/s41598-024-65843-2. 

45.  Ministerio de Transportes, M. y A.U. Análisis de La Movilidad En España Con Tecnología Big Data Durante 

El Estado de Alarma Para La Gestión de La Crisis Del COVID-19. 2021. 

46.  Schiller L, P.; Kenworthy, J. An Introduction to Sustainable Transportation Policy, Planning and 

Implementation; 2nd Edition.; Routledge, 2017; 

47.  Barbieri, D.M.; Lou, B.; Passavanti, M.; Hui, C.; Hoff, I.; Lessa, D.A.; Sikka, G.; Chang, K.; Gupta, A.; Fang, 

K.; et al. Impact of COVID-19 Pandemic on Mobility in Ten Countries and Associated Perceived Risk for 

All Transport Modes. PLoS One 2021, 16, doi:10.1371/journal.pone.0245886. 

48.  Creutzig, F. How Fuel Prices Determine Public Transport Infrastructure, Modal Shares and Urban Form. 

Urban Clim 2014, 10, 63–76, doi:10.1016/j.uclim.2014.09.003. 

49.  Organización de las Naciones Unidas Objetivos de Desarrollo Sostenible. 

50.  Instituto Nacional de Estadística Demografía y Población. Cifras INE. 2022. 

51.  Instituto de Estadística de Extremadura Censo 2021. 

52.  Gutiérrez Puebla, J. Indicadores de Accesibilidad En Transporte Publico En El Medio Rural: Una Propuesta 

Metodológica. Estud Geogr 1991, 52, 205–221, doi:10.3989/egeogr.1991.i203.205. 

53.  Camarero, L.; Oliva, J. Mobility and Territorial Cohesion. The Shaping of the Rural-Urban Mobility System. 

In Proceedings of the Revista Española de Investigaciones Sociológicas; Centro de Investigaciones 

Sociológicas, January 1 2024; pp. 23–42. 

54.  Alloza, M.; González-Díez, V.; Moral-Benito, E.; Tello-Casas, P. Access to Services in Rural Spain. 

Documentos Ocasionales N.o 2122.; 

55.  Marco Dols, P.; Soriano Martí, J. Transporte Público y Despoblación En El Medio Rural: El Caso Del Interior 

Castellonense. Cuadernos de Geografía de la Universitat de València 2020, 29, doi:10.7203/cguv.105.18072. 

56.  Porru, S.; Misso, F.E.; Pani, F.E.; Repetto, C. Smart Mobility and Public Transport: Opportunities and 

Challenges in Rural and Urban Areas. Journal of Traffic and Transportation Engineering (English Edition) 

2020, 7, 88–97. 

57.  Frank, L.; Dirks, N.; Walther, G. Improving Rural Accessibility by Locating Multimodal Mobility Hubs. J 

Transp Geogr 2021, 94, 103111, doi:10.1016/J.JTRANGEO.2021.103111. 

58.  Yildirim, M.; Geçer, E.; Akgül, Ö. The Impacts of Vulnerability, Perceived Risk, and Fear on Preventive 

Behaviours against COVID-19. Taylor&Francias Online 2020, 35–43. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2199.v1

https://revistaseug.ugr.es/index.php/cuadgeo/article/view/25345/26958
https://doi.org/10.20944/preprints202409.2199.v1


 25 

 

59.  Sträuli, L.; Tuvikene, T.; Weicker, T.; Kębłowski, W.; Sgibnev, W.; Timko, P.; Finbom, M. Beyond Fear and 

Abandonment: Public Transport Resilience during the COVID-19 Pandemic. Transp Res Interdiscip 

Perspect 2022, 16, doi:10.1016/j.trip.2022.100711. 

60.  Dirks, N.; Frank, L.; Baumgärtner, F.; Letmathe, P.; Walther, G. Identification of Critical Public Transport 

Connections in Rural Areas | Identifikation Kritischer Verbindungen Des Öffentlichen 

Personennahverkehrs Im Ländlichen Raum. gis.Science - Die Zeitschrift fur Geoinformatik 2020, 2020, 72–

80. 

61.  Camarero, L.; Oliva Serrano, J. Exploring the Social Face of Urban Mobility Daily Mobility as Part of the 

Social Structure in Spain. Int J Urban Reg Res 2008, 32, 344–362. 

62.  López González, A. La-Jerarqua-de-Asentamientos-En-Castilla-y-Len-Una-Aproximacin-Desde-El-Punto-

de-Vista-de-La-Dimensin-Demogrfica-Municipal-y-de-Los-Ejes-Viarios-0. 

63.  Campisi, T.; Basbas, S.; Skoufas, A.; Akgün, N.; Ticali, D.; Tesoriere, G. The Impact of Covid-19 Pandemic 

on the Resilience of Sustainable Mobility in Sicily. Sustainability (Switzerland) 2020, 12, 1–25, 

doi:10.3390/su12218829. 

64.  Mateu, G.; Sanz, A. Public Policies to Promote Sustainable Transports: Lessons from Valencia. 

Sustainability (Switzerland) 2021, 13, 1–17, doi:10.3390/su13031141. 

65.  Cloke, P. Rural Britain: A Social Geography. Phillips, D. and Williams, A. Oxford: Blackwell, 1984. 274 

Pp.£7.50 Paperback. Applied Geography 1985, 5, 259–263, doi:10.1016/0143-6228(85)90029-3. 

66.  Jiménez-Espada, M.; Naranjo, J.M.V.; García, F.M.M. Identification of Mobility Patterns in Rural Areas of 

Low Demographic Density through Stated Preference Surveys. Applied Sciences (Switzerland) 2022, 12, 

doi:10.3390/app121910034. 

67.  Arranz-López, A.; Elizondo Candanedo, R.F.; Soria-Lara, J.A. An Exploratory Data Analysis Based on Open 

Sources Impact of the COVID-19 Pandemic on Mobility in Spain.; May 22 2024; pp. 259–279. 

68.  Henke, I.; Pagliara, F.; Cartenì, A.; Coppola, P. The Impact of COVID-19 Pandemic on Public Transport: A 

Mobility Survey in Naples (South of Italy). The Open Transportation Journal 2023, 17, 

doi:10.2174/18744478-v17-e230420-2022-47. 

69.  Vega Naranjo, J.M.; Jiménez-Espada, M.; Martínez García, F.M.; González-Escobar, R.; Cortés-Pérez, J.P. 

Intercity Mobility Assessment Facing the Demographic Challenge: A Survey-Based Research. Int J Environ 

Res Public Health 2023, 20, doi:10.3390/ijerph20021163. 

70.  Carrel, A.L.; Li, M. Survey-Based Measurement of Transit Customer Loyalty: Evaluation of Measures and 

Systematic Biases. Travel Behav Soc 2019, 15, 102–112, doi:10.1016/j.tbs.2019.01.003. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 September 2024                   doi:10.20944/preprints202409.2199.v1

https://doi.org/10.20944/preprints202409.2199.v1

