
Citation: Garrido-Jiménez, F.J.;

Rodríguez-Rojas, M.I.; Vallecillos-Siles,

M.R. Recovering Sustainable Mobility

after COVID-19: The Case of Almeria

(Spain). Appl. Sci. 2024, 14, 1258.

https://doi.org/10.3390/app14031258

Academic Editor: Frede Blaabjerg

Received: 15 December 2023

Revised: 28 January 2024

Accepted: 1 February 2024

Published: 2 February 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Recovering Sustainable Mobility after COVID-19: The Case of
Almeria (Spain)
Francisco Javier Garrido-Jiménez 1,* , María I. Rodríguez-Rojas 2 and Manuel Ricardo Vallecillos-Siles 3

1 Almeria City Planning Board—Department of Engineering, University of Almeria, 04120 Almeria, Spain
2 Department of Urban and Regional Planning, Higher School of Civil Engineering, University of Granada,

18071 Granada, Spain; mabel@ugr.es
3 City of Almeria Sustainability Area—Department of Economics and Business, University of Almeria,

04120 Almeria, Spain; mrvalle@ual.es
* Correspondence: fjgarri@ual.es

Abstract: The COVID-19 pandemic brought about a significant change in mobility habits within
cities, leading to a significant decrease in the use of collective urban transport in many countries
that has been only partially and unevenly reversed. In this context, many cities are analyzing what
factors are hindering this recovery process to design actions to promote sustainable mobility. Thus,
this study, carried out in the city of Almeria (Spain), tried to analyze whether the main operating
variables of the municipal bus network (frequency, average vehicle occupancy, the length of the
lines, urban or suburban character, circularity, nodality, and intermodality) have an impact on the
annual number of users recovered in 2022 compared to 2019. Although a strong statistical correlation
between variables was not observed, the overall results show that the lines that have recovered
the most users on average are suburban lines, as well as the nodal lines that serve key centroids
such as the university, highlighting that the dependence of users on public transport might be the
most important determinant in the recovery process, more than other variables representative of
the service’s intrinsic quality such as frequency or average vehicle occupancy. This result shows the
importance of facilitating public transport to those who lack alternatives, as well as the convenience
of restrictions on less sustainable transportation alternatives for the prompt recovery of the space lost
by urban public transportation.

Keywords: sustainable mobility; urban public transport; COVID-19; urban bus network

1. Introduction
1.1. Context

In 2017, the United Nations established 17 sustainable development goals to achieve
a more sustainable and peaceful world by 2030. In the specific case of public transport,
target 11.2 was to provide access to safe, affordable, accessible, and sustainable transport
systems for all. However, the starting point for this common objective is not the same in all
regions, since urban public transport (UPT) has very different characteristics and level of
use depending on many factors, among which socioeconomic ones stand out. For example,
according to comparative studies carried out with data from the International Association
for Public Transport, cities in Western Europe, the United States, and Oceania have UPT
systems with better environmental and social performance, whilst developed Asian coun-
tries have more efficient services from an economic point of view due to the better level
of vehicle occupancy and intermodality. On the other hand, Latin American regions have
good public transportation systems from an economic operation perspective, although,
as in Africa, transport can be very expensive considering average family incomes [1,2].
However, most studies show the importance of public subsidies for the poorest strata of
the population [3].
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Among other consequences, the COVID-19 pandemic has jeopardized these objectives
of more sustainable urban transport, since most of the collective means of transport have
not recovered the number of users prior to the pandemic in many countries. Thus, a global
decrease in public transport demand between 16 and 39% remains despite the end of the
main restrictions [4]. For example, in Norway, the percentage of recovered users was 83%
at the end of 2022, whereas in Australia it was around 60% [5,6]. The main causes might
lie in the sustained increase in telecommuting, the persistent perception of contagion risk,
the modal change towards other means of transport, and the lack of adaptation of public
transport to the new social reality. On the other hand, the decline in UPT demand in
developing countries was much smaller, especially among the poorest segments of the
population [7]. In this context, public managers in charge of the operation and management
of UPT are promoting all kinds of measures to attract both the users who abandoned
UPT during the pandemic, and those who, not having been users at any time, may be
tempted to use it. However, given the large number of socioeconomic, urban pattern,
governance, or quality service variables that influence the attractiveness of UPT, it is not
easy to determine which measures might be most effective at this time. Within the broad
spectrum of variables involved, this study tried to analyze the correlation between both
qualitative and quantitative representative variables of the service operation (frequency,
average vehicle occupancy, the length of the lines, urban or suburban route, circularity,
nodality, and intermodality), and the average of users recovered by UPT compared to the
year prior to the COVID-19 pandemic.

This study was carried out in Almeria, a city of 200,000 inhabitants located in the south
of Spain, since its intrinsically complex territory is covered by a municipal bus service
of 16 lines which provides a very broad range of values for all the variables analyzed.
Although it is difficult to draw conclusions from the analysis of a single city’s transport
network, the results obtained are expected to be of great interest to public administrations
promoting sustainable urban mobility, since this study only focused on variables intrinsic
to public transport, where the undertaking of short-term actions is feasible.

This study is structured as follows. Firstly, a review of the existing literature is carried
out, from general aspects such as the impact of the COVID-19 pandemic on UPT to those
studies that have analyzed the role of specific variables of the service in this topic. Next,
the data collected to perform the study are presented and the correlation obtained between
the variables analyzed. Finally, the results are discussed and the most relevant conclusions
highlighted.

1.2. Literature Review

Mobility restrictions during the COVID-19 pandemic led to a significant decrease in
the number of both long-distance daily trips [8] and those in metropolitan areas [9,10]. This
general pattern especially affected the means of collective UPT, such as the bus [11], the
metropolitan train [12], or the subway [13], reaching a decrease of around 90% in Italy
and France, 85% in Spain, 75% in the United Kingdom, and 70% in Germany [14]. The
number of users of urban taxis also had a very significant drop, by 94–96% [15]. Apart from
these purely quantitative aspects, the impact of the pandemic on UPT was also qualitative,
affecting modal choice [16]. Thus, within the general decline in mobility, a preference for
means considered safer in that context, such as traveling on foot, by bicycle, or by private
vehicle, could be clearly observed among travelers [17,18]. For example, the decrease
in passengers on the subway in New York reached 90% compared to 71% in the bike-
sharing service, where the average travel time increased from 13 to 19 min, which shows
the attraction of new users [19]. Moreover, during the toughest phase of the pandemic,
the private vehicle was the preferred option within motorized transportation [20], even
competing with traveling on foot as the main way to move around in countries such as
Germany or Italy [21].

The process of returning to normality is also highlighting some significant data, show-
ing mobility patterns somewhat different from those prior to the pandemic [22,23]. The
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most significant could be that UPT has not recovered the number of daily users prior to the
pandemic, with a similar behavior in all collective means of transport [24]. Thus, although
some of the infrastructure generated during the pandemic, for example, the bike-lane
network, could help return to the path marked before the COVID-19 outbreak [25], many
of the advances made in terms of sustainable urban mobility in recent decades are currently
at risk [26]. As a whole, the share of trips that UPT lost has translated into an increase in
those made on foot, by bicycle, as well as by private vehicle [27,28]. In addition, there are
other aspects influencing this change such as the emergence of new alternative means of
transport such as electric scooters and bicycles [29].

However, the percentage of UPT users’ decline during the toughest phase of the
pandemic, as well as that of recovery in the post-pandemic phase, are influenced by
numerous variables affecting both the supply and demand of transport. Among those
variables, there are those of a socioeconomic nature, the availability of transportation
alternatives, urban patterns, and the quality of the public service [30]. Logically, the impact
of the pandemic on public transportation was also strongly affected by governance and
regulations emanating from public authorities [31].

Thus, from a socioeconomic perspective, studies have shown that the decline in
mobility during the harshest phase of the COVID-19 lock-down was greater in areas with
higher income levels [32], linked to a greater ease for telecommuting [33] despite the greater
availability of private vehicles [34]. In fact, the biggest shift from UPT to private vehicles has
been associated with low-income areas [35], except in those with the highest percentages
of captive travelers, i.e., those who do not have alternative means of transportation. This
was the case in some regions of India, where no decrease in the use of public transportation
was observed during the pandemic [36]. For its part, the recovery of travelers after the first
wave of COVID-19 was greater in areas mostly inhabited by blue-collar workers [37].

From an urban pattern point of view, changes in users’ behavior depend on variables
such as density or the size of urban settlements, which undoubtedly affect the viability
of the shift from UPT to non-motorized means of transport [21]. Urban zoning and the
origin and destination of UPT lines have also been shown to be crucial factors in this field.
For example, a study on the bus network of the city of A Coruña (Spain) [38] shows that
the smallest drops in the number of users during the first phase of the pandemic were
those linked to the hospital (79%), the central business district (CBD) (85%), or the train
station (83%), while the number of those whose destination was the university or the main
mall fell between 98 and 100%. For its part, the recovery in the phase immediately after
deconfinement (June 2020) was greater in the mall and the CBD, where around 70% of trips
were recovered compared to 2019.

Finally, some variables intrinsic to the design of the lines have also shown their impact
on the change in UPC use. For example, in Lisbon, suburban lines were observed to suffer a
slighter reduction in users during the first wave of COVID-19 compared to urban ones [39].
The management of the lines’ frequency was also very important during the event. For
example, while most European cities reduced the frequency of trips due to the drop in
demand, Hong Kong maintained the frequency of the service, thus reducing the average
occupancy of vehicles, although this led to a significant economic cost [40].

While studies on the impact of the COVID-19 pandemic on UPT are very abundant,
those related to the measures to be taken by transport companies or public managers to
recover the market share lost are not as numerous [41]. For example, the importance of
increasing the frequency of the lines to avoid a feeling of overcrowding has been pointed
out [42], in addition to improving the cleanliness of the vehicles [43,44]. Other variables to
recover users would be to improve daily schedules, as well as the intermodality with other
means of transport [40]. Naturally, all telematic systems associated with bus operations,
such as apps, average vehicle occupancy announcements, etc., favor the attraction of users
lost during the pandemic and are also useful to attract new users [45]. Finally, on-demand
transportation has also been proposed in some studies as a viable solution to increase the
share of UPT in less dense areas [46].
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Thus, the present study’s objective was to delve into the latter issue, by analyzing
individually the role of the main variables that define an urban bus operating in the process
of recovering the users lost during the COVID-19 pandemic [47].

1.3. Methodology Context

Depending on their specific objective and scope, the literature review highlights
that the studies on the impact of the COVID-19 pandemic on UPT have used different
methods to characterize mobility as well as for the analysis of the results obtained. Thus,
to quantify the general traffic, broad-spectrum sources such as Google Mobility or traffic
cameras have been used [48,49], whilst in order to measure the number of users and their
movements in UPT (especially bus and train), the most common source has been the
counting of tickets supplied by public administrations in charge of urban transport, usually
the municipalities [38,43,50]. In addition, surveys have allowed researchers to know other
aspects such as the motivation, service perception, needs, and intentions of users [51,52].
Regarding the analysis of the relationship between variables, simple or multiple regressions
have been performed [53,54], as well as multiple correspondence analysis (MCA) when the
relationship between variables is apparently less direct [4,55,56].

Considering the above, as well as the remarkable exploratory nature of this study,
in order to analyze the impact of urban bus network characteristics on the recovery of
UPT users in the post-pandemic scenario in the city of Almeria, an MCA was performed
including both the operating network variables and the evolution of the annual number of
users in each bus line during the period 2019–2022. The use of a MCA seemed the most
appropriate approach in this study, since it allows the authors to explore to what extent
there is a relationship between the variables involved, independently of the statistical
significances, which is crucial in studies with small-size samples, as in this case, when only
16 urban bus lines with their operating variables are analyzed.

2. Materials and Methods

As indicated, the main objective of the present study was to analyze whether any of
the basic operating design variables of an urban bus network play a significant role in the
recovery of users in the post-COVID-19 scenario in the city of Almeria, as an example of
a complex medium-sized city. In the analysis, only variables intrinsic to the urban bus
operating, both qualitative and quantitative, were considered, discarding other broad-
spectrum variables external to the service, which public managers have fewer possibilities
to tackle in the short term. To analyze the level of correlation between the variables
selected, a two-dimension MCA was performed by using SPSS v.29 and XLSTAT2019
software. In addition, the individual lineal correlation between the operating variables
and the percentage of recovered passengers in each bus line in 2022 as compared to 2019
was analyzed. More complex non-lineal or multilinear models were discarded due to the
exploratory nature of the study and the limitation of the data, which come only from a
medium urban transport service.

The city of Almería, located in the south of Spain, with a population of 199,237 in-
habitants (2022), is especially appropriate to carry out this study, due to the diversity of
characteristics in the urban bus lines that provide service within the municipality. Thus,
the city has a municipal area of 295.51 km2 where there are 17 small urban settlements
apart from the main city, which concentrates 84% of the population. Population density
reaches 11,922 inhabitants/km2 in the main city (an example of a compact Mediterranean
city) and 674 inhabitants/km2 in the municipality as a whole, showing the diversity in
the territory occupation pattern. In addition, an international airport, a state-level port for
goods and passengers, the main hospital of the region, as well as a public university with
approximately 12,000 students are located in the city. The location of the city at a national
and regional level is shown in Figure 1.
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Figure 1. City of Almeria location.

This diversity results in an intrinsically complex UPT network, which allows the au-
thors of this study to analyze the role of very different operating variables, both qualitative
and quantitative, with a wide internal range of values, which is crucial in an exploratory
study of this nature. The main city is located at the western end of the municipality, which
results in long bus lines towards the small urban settlements located to the east. Thus,
the urban bus network of Almeria city consists of 16 lines, whose routes are schematically
shown in Figure 2 on Google Earth v.7.3.6.9750:
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The evolution in the number of users of the UPT (bus) in the city of Almeria from
2019 to 2022, according to the data provided by the Mobility Area of the City Council, is
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indicated in Table 1. Only trips on weekdays have been considered, since the particularities
during weekends and holidays could bias the results.

Table 1. Evolution of urban public transport users in the city of Almeria (2019–2022).

Year
2019 2020 2021 2022

Annual users 7,410,583 3,898,098 4,601,237 5,810,103
% annual users compared to 2019 100% 53% 62% 78%

As can be observed, during 2020, the COVID-19 pandemic drove half of the users
to leave the UPT. In 2022, the last year with partial restrictions on UPT (use of masks),
the recovery in the number of users compared to 2019 amounted to 78%, similar to other
UPT systems [4–7]. The evolution in the number of users during the 2019–2022 period,
disaggregated at bus line level, is reflected in Figure 3.
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As can be observed, three levels of lines according to the number of users can be
distinguished. There are seven lines with fewer than 200,000 annual users, eight lines
with around 500,000, and one line (L18) with over one million. There is no route pattern
explaining the difference in the number of users among lines, even though it is remarkable
that L18 connects simultaneously the hospital and the university with the city center.
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As indicated, for each bus line, all those variables, both qualitative and quantitative,
and intrinsic to the service operation, that the literature has considered relevant were
measured during 2022, the last complete year with data available, as well as the percentage
of users recovered in 2022 compared to 2019. Thus, the qualitative variables considered
were the urban or suburban character of the lines, regarding as suburban those which leave
the main urban center (Figure 2); intermodality, where it is analyzed whether the line
connects with the intermodal station (railway and interurban bus); nodality, considering
nodal those lines that provide service to a strong transport centroid such as the hospital, the
university, or the main mall (Figure 2); and, finally, the circular geometry of the line or its
absence. The quantitative variables analyzed were the average vehicle occupancy, understood
as the relationship between the annual number of users and the service capacity, as well
as the frequency and length of the lines. Other variables such as the schedules, the level
of vehicle cleaning, and technology support to the line’s operation (apps, etc.) were not
considered because they are almost identical in all lines. The data collected for each of these
variables are reflected in Table 2.

Table 2. Service variables of urban public transport in the city of Almeria.

Service Variables

Line
% Vehicle
Occupancy

2022
Frequency

(Min) Suburban Intermodality Nodality Length
(km) Circular Users

(2019)
Users
(2022)

% Users
Recovered
2022/2019

L1 34% 22 NO YES
(Bus/train) NO 7.733 YES 144,543 92,072 64%

L2 43% 17 NO YES
(Bus/train) YES (Hosp) 11.477 NO 800,205 551,172 69%

L3 40% 70 NO NO YES (Hosp) 14.169 NO 162,887 126,146 77%
L4 36% 70 YES NO YES

(Hosp-Univ) 21.701 NO 63,707 55,832 88%
L5 47% 15 NO NO YES (Mall) 10.171 NO 625,744 498,187 80%
L6 48% 20 NO NO NO 13.914 NO 604,147 475,805 79%
L7 43% 20 NO NO NO 15.450 NO 688,768 503,525 73%
L8 42% 60 NO NO YES (Mall) 10.632 NO 178,711 149,747 84%
L11 54% 18 YES NO YES (Univ) 18.586 YES 755,889 579,444 77%
L12 60% 17 YES NO YES (Univ) 17.133 YES 829,895 648,966 78%
L15 19% 90 YES NO YES (Univ) 43.820 YES 43,278 41,935 97%
L18 98% 16 YES NO YES

(Hosp-Univ) 34.155 NO 1,362,526 1,056,254 78%

L19 25% 30 YES YES
(Bus/train) YES (Univ) 14.497 NO 148,100 156,700 106%

L20 67% 30 YES NO NO 38.926 NO 531,709 478,027 90%
L30 48% 35 YES YES

(Bus/train) NO 38.024 NO 398,304 336,617 85%

L31 33% 70 YES YES
(Bus/train) NO 34.485 NO 72,170 59,674 83%

TOTAL 7,410,583 5,810,103 78%

It should be noted that the variety of characteristics of the UPT lines in the city of
Almeria that cover its complex territory allowed the authors of this study to obtain a
reasonable sample for all qualitative variables, since 9/16 lines are suburban, 5/16 are
intermodal, 10/16 nodal, and 4/16 circular, which is necessary for the consistency of the
results obtained.

3. Results
3.1. Multiple Correspondence Analysis

As indicated, due to the exploratory nature of this study, a comprehensive two-
dimension MCA was performed to determine the existence or not of a significant correla-
tion between the variables involved, especially among some of the public bus operating
variables and the percentage of users recovered by bus lines in 2022 as compared to 2019.
The discretization and coding of the variables are shown in Table 3.

Results for both inertia and Cronbach’s alpha confirm that the two-dimension MCA
analysis is robust enough for the purpose of this study, considering its limitations, since
data come exclusively from a medium-sized urban transport system (Table 4).
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Table 3. Qualitative and quantitative variable coding.

Variable Categories Coding

% Users recovered (R) ≤70% R1
70% < x ≤ 80% R2
80% < x ≤ 90% R3

>90% R4
% Vehicle occupancy 2022 (O) ≤25% O1

25% < x ≤ 50% O2
50% < x ≤ 75% O3

>75% O4
Frequency (min) (F) ≤20 F1

20 < x ≤ 25 F2
25 < x ≤ 30 F3

>30 F4
Length of line (km) (L) ≤10 L1

10 < x ≤ 20 L2
20 < x ≤ 30 L3

>30 L4
Suburban (S) YES SY

NO SN
Intermodality (I) YES IY

NO IN
Nodality (N) Hospital NY1

Hospital/University NY2
Mall NY3

University NY4
NO NN

Circular (C) YES CY
NO CN

Table 4. MCA output.

Dimension Cronbach’s Alpha
Variance Accounted for

Total (Singular Value) Inertia % Proportion of Inertia

1 0.839 3.756 0.469 46.947
2 0.790 3.243 0.405 40.535
Total 6.999 0.875
Mean 0.816 3.499 0.437 43.741

As can be observed, the inertia values and Cronbach’s alpha above 0.80 show a good
fitting of the variables and categories. The discrimination values for the two dimensions
and all the variables considered in this study are indicated in Table 5.

Table 5. MCA measures of discrimination.

Variable
Dimension

Average
1 2

R 0.734 0.634 0.684
O 0.656 0.389 0.522
F 0.517 0.536 0.527
L 0.492 0.475 0.484
S 0.690 0.021 0.355
I 0.076 0.312 0.194
N 0.580 0.488 0.534
C 0.011 0.388 0.200

Total 3.756 3.243 3.499

% Proportion of inertia 46.947 40.535 43.741
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With a global inertia of 87.4% for the two dimensions, Dimension 1 discriminates the
variables from the percentage of users recovered, the level of occupancy of the vehicles, and
the urban or suburban route of the buses. Dimension 2 does so from the percentage of users
recovered, frequency, and nodality. The fact that the level of occupancy discriminates in
the two dimensions can make the interpretation of the results more complicated. Figure 4
illustrates the perceptual plot of both dimensions.
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As can be seen in Figure 4, the dispersion of the variables does not highlight any robust
correlation between the variables as a result of the MCA. By analyzing Cluster 1, and in
the specific case of the percentage of users recovered in 2022 compared to 2019 (R), only a
weak correlation is found with variables such as frequency (F) and average occupancy of
vehicles (O). In fact, there is a relationship between the maximum recovery of users and the
lowest occupancy, due to the influence of lines L15 and L19, which are the ones with the
lowest average occupancy (19% and 25%, respectively) and the highest percentage of users
recovered compared to the pre-pandemic situation (Table 2). The MCA also suggests a
good behavior of the lines serving the university (NY4). These results confirm the reliability
of the statistical model.

3.2. Average Vehicle Occupancy

The correlation between the percentage of users recovered in 2022 when compared
to 2019 and average vehicle occupancy, the latter estimated as the quotient between the
number of users and service supply in each urban bus line, is shown in Figure 5.

As can be observed, there is a negative, albeit very weak, correlation between both
variables despite the wide variety in the average occupancy values of the lines, which
ranges between 19% for L15, which covers the smaller urban centers of the east of the
municipality, and 98% for L18, which connects Costacabana (a small urban center to the



Appl. Sci. 2024, 14, 1258 10 of 17

east of the main city) with the university and the hospital. Moreover, apart from these
extreme values, average occupancy usually ranges between 30% and 70%. Despite the
discreet overall correlation value, which is not enough to infer a correlation between the
variables, it is remarkable that the two lines with the lowest occupancy, L15 (19%) and
L19 (25%), are also the ones with the highest percentage of users recovered, with 97% and
106%, respectively. However, it should be noted that the effective occupancy level of the
vehicles is always somewhat lower than represented, since, especially in longer lines, each
seat offered can be occupied by different partial users along the same route.
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3.3. Frequency

The correlation between the average of users recovered in 2022 compared to the pre-
pandemic situation and the frequency of service in the urban bus lines can be seen in
Figure 6.
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With moderate correlation values, it is observed that, in general, there is a positive
but weak relationship between the frequency in minutes of the line and the percentage of
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users recovered. It should be pointed out that none of the lines with a frequency of less
than 25 min, which in theory provides a better service, has reached 80% of recovered users.
Instead, with one exception, all the lines with a frequency over 30 min have recovered more
than 80% of passengers. In fact, L15, which is the line that has by far the worst frequency
(90 min), ranks second in user recovery (97%), with demand levels similar to those prior to
the pandemic. L19, which is the only one that in 2022 exceeded the number of users it had
in 2019 (city center to the university), has a frequency of 30 min. This can be described as
intermediate in the context of UPT in the city of Almeria.

3.4. Length of Bus Line

The correlation between the average of users recovered in 2022 when compared to
2019 and the length of urban bus lines is shown in Figure 7.
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In this case, a positive but not very significant correlation between the length of the
bus lines and demand recovery can be observed, with a general good behavior of the
longest lines. It is noteworthy that the two longest lines (L15 and L20) have the second
and third highest percentage of user recovery, with 97% and 90% compared to 2019. It is
also significant that the shortest line (L1), serving the historic center, is the one that has
recovered the fewest travelers compared to the pre-pandemic situation.

3.5. Qualitative Variables

The qualitative variables analyzed for the urban bus service lines in the present study
were their urban or suburban nature (although all belong to the city’s municipal service),
their connection or not with other means of interurban transport such as railway and
intercity bus (intermodality), their circular or lineal route, and their service, or not, to the
main urban transport centroids (university, hospital, and main mall). The results obtained
for the correlation between this set of variables and the average of users recovered in 2022
compared to 2019 are summarized in Figure 8:
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As shown, except for the urban or suburban character of the lines, in none of the other
variables analyzed are there differences exceeding 4%. For instance, the intermodal lines
connecting with the intermodal train–intercity bus station have not recovered more users
than those that do not have that characteristic. In addition, the lines serving well-identified
transportation centroids (hospital, university, main mall) have on average only recovered
4% of users more than the rest. Finally, a more difficult variable to analyze is the linear or
circular route of the bus, as it barely affects the users’ recovery process.

On the other hand, it is remarkable that suburban lines have recovered 12% more
users on average than those whose route is entirely within the main city center. It should
be noted that the suburban lines serve the smaller population centers of the municipality
(up to 17, scattered, and with a total population of around 35,000 people) as well as the
university, an important transportation centroid located on the coast at about 3 km from
the eastern edge of the city and about 6 km from its center (Figure 2). In fact, significant
differences can be observed within the nodal lines (Table 2). For example, discarding both
L4 and L18, which simultaneously serve the university and hospital, the lines reaching the
university have recovered 89% of users on average (a percentage somewhat higher than the
average for suburban lines as a whole), while those serving the main mall have recovered
82% and those serving the hospital only 73%.

4. Discussion

The overall statistical analysis as well as the individual correlations performed did
not show a significant relationship between any of the operating variables and the average
of users recovered in urban bus lines, highlighting the intrinsic complexity not only of
the UPT system but also of its physical, economical, and social context. Apart from the
poor statistical correlations obtained, which could even be biased by extreme values due to
the small sample size, the most remarkable result would be the better recovery of users
in suburban lines, an aspect which has already been observed in other studies [39]. Thus,
compared to an average recovery of users of 78% in the city of Almeria bus service as a
whole, the suburban lines have recovered 87% of the pre-pandemic occupancy level, the
same average as the six lines serving the university (Table 2). Although, at a first sight, it
could be thought that the lines to the university are the ones driving the average upwards,
the results of other suburban lines such as L15 are also surprising, since, despite being the
longest and that with the worst frequency (90 min), it ranks second in recovering users
compared to 2019 (97%); and L31, the fourth line in length and the second with the worst
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frequency (70 min), has recovered 83% of users. Instead, despite the best frequency of the
lines serving the main city (32 min on average compared to 42 min for the suburban lines),
these are the ones whose behavior is worst in the post-pandemic situation, considered as a
whole (Figure 8).

This seems to indicate that, regardless of whether they are urban or suburban lines,
and independently of the quality of the service, the most determinant factor to choose
UPT could be the more or less captive nature of the users, both in the case of students,
who are understood to choose UPT for economic reasons [57], and those citizens living
in areas no transportation alternatives other than private cars, such as those needing to
travel between the smaller centers of the municipality where bike-lanes and pedestrian
sidewalks are usually not available [58]. Instead, considering that the dimensions of the
main city are approximately 5 km both from north to south and from east to west, the lack
of recovery might be due to the shift of users to trips on foot or by bicycle/electric scooter,
and it is difficult to attract this percentage of the population back to UPT [59,60]. Although
no specific measurements were taken about the modal shift in the city of Almeria, it is
necessary to consider that the average routes within the city would not exceed 30 min on
foot [61] and 15 min by bicycle [62]; these values are very competitive taking into account
the average frequency of the bus. In this context, it is not surprising that the line with
the smallest geographical scope, L1 that serves the historic center, is the one with the
worst recovery average. Thus, the captive passengers were more resilient both during
the worst phase of the pandemic, when despite perceiving a higher level of risk, they
were unable to change their behavior [36], and in the current recovery phase, due to the
lack of alternatives [63]. This pattern is likely to be similar in other medium-sized cities,
especially in those with housing densities ranging from medium to high, as is the case of
many Mediterranean ones.

Although these results must be interpreted with caution since only a specific UPT
system was analyzed, they seem to indicate that the annual evolution of the number of
UPT users should not be approached from a unitary perspective, but considering the
existence or not of mobility alternatives for the most popular destinations in the different
areas. Thus, in central areas of dense medium-sized cities, where a higher demand for
short intra-urban journeys exists, it is necessary to assume that users who have shifted to
other non-motorized means of transport will be unlikely to return to UPT (which is not
negative in itself), and public efforts should instead focus on attracting those who chose to
shift to private vehicles (supposedly temporarily) or to those who have never been users
of UPT, which could be more complicated. In this sense, it seems that the most effective
measures could be to restrict internal mobility in private vehicles within the cities rather
than improving UPT service parameters such as frequency or capacity, especially in areas
that already have a good service [64]. By way of contrast, in the case of areas with less
developed UPT services, public administrations should focus their policies on offering a
more developed, sustainable, comfortable, and reliable transport alternative to all those
who currently lack it. This would be one of the most plausible alternatives to increase the
UPT share as a whole.

An unexpected result, although consistent with the previous ones, is the scarce impact
that the average vehicle occupancy seems to have on the recovery of users in this time
(Figure 5). Thus, although this factor was decisive for risk perception during the hardest
phase of the pandemic, especially among frequent UPT users [65], it does not seem that an
increase either in the frequency of the service or in the capacity of the vehicles for the sole
purpose of decongesting vehicles has the effect of attracting new users [66].

Therefore, in general, the results of this study seem to indicate that, in central areas
with a mature UPT network, public transport users do so more out of personal conviction
than due to the lack of other viable alternatives. Thus, in these areas, the improvement of
service parameters to increase the attractiveness of the UPT would not be a determining
factor to attract new users, and that is the reason why public policies to promote a more
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sustainable urban transport should mainly their focus on reducing alternatives for private
vehicle users.

Any study of this nature, essentially exploratory, has many limitations that necessitate
great caution when drawing conclusions. The most obvious limitation results from the
impossibility to analyze different UPT network alternatives in the same territory. Thus,
although the comparison of this study with others carried out in cities of similar or different
characteristics has helped to interpret or even question the results obtained here, it will
always be from the perspective of two different physical, social, and governance realities,
compromising the generalization of the results. For example, it would be necessary to
confirm whether the decrease in the number of UPT users in central zones, at least in
dense medium-sized cities, results from a shift to non-motorized sustainable means of
transport. Moreover, even though studies conducted during the COVID-19 pandemic have
revealed the existence of abundant data for analysis, they have also detected numerous
shortcomings. Thus, as it happened in this study, the wide-scope data available can
usually be disaggregated at the line level only, which does not allow researchers to study
individual patterns within them. This issue can be crucial in analyzing long lines serving
very heterogeneous territories since, as indicated, it is paramount to differentiate UPT users
according to their options when choosing among different mobility alternatives. This type
of more specific analysis can only be carried out through more selective and expensive field
studies, which can be generalized in the future through the monitoring of the occupancy
vehicle levels or the moment at which users leave them.

5. Conclusions

The results of this study show how UPT continues its gradual recovery in the number
of users as compared to the pre-pandemic situation, but it is evident that the modal shift
towards other means of transport is still persistent, and the efforts of public administrations
to return to the path of sustainable urban mobility are still necessary. Among the measures
that may most easily be adopted in the short term would be those related to the modification
of some of the operating variables of the UPT system. However, from the analysis carried
out on the city of Almeria urban bus network, no clear correlation was detected between
any of the basic operating variables of a typical urban bus network (frequency, average
vehicle occupancy, the length of lines, nodality, urban or suburban route, circularity, or
intermodality) and the percentage of users recovered in 2022 compared to 2019.

Nevertheless, this study has highlighted other interesting results. For example, sub-
urban lines have recovered a significant 12% more users than purely urban lines, despite
the better quality of service in those lines, especially in terms of frequency. Although
deeper studies about the modal shift are necessary, especially in central locations where
non-motorized mobility alternatives are more suitable, the overall analysis seems to indi-
cate that the most determinant factor in the recovery of the number of users in a given UPT
line could be the level of dependence of those users on public transport, since the lines
which have recovered best are those linked to captive users, either for economic reasons, or
due to the lack of viable transport alternatives, regardless of the intrinsic characteristics
of the service such as the frequency or the average vehicle occupancy. In fact, these last
two variables, possibly the two most representative ones of the quality of the service, did
not show a significant correlation with the percentage of recovered users. This is especially
striking when compared to the majority of studies carried out during the pandemic or
in its aftermath, when both factors were shown to be decisive, especially combined, in
maintaining a feeling of safety among users.

Given the above, it does not seem that an improvement in the offer, by increasing the
frequencies or using vehicles with a greater capacity, could have strong enough an appeal
to significantly increase the number of users, especially in already well-served urban areas.
In these urban areas, dissuasive measures against the use of private vehicles could be more
effective to attract both new users and those who began using UPT during the pandemic.
In the same way, public policies aimed at improving the spatial and social coverage of UPT
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to the maximum extent possible might significantly contribute to increasing the number of
users, providing transport alternatives to those who still lack them.

The present study reveals new lines of research and leaves some open questions. For
example, the analysis of the city of Almeria’s bus service should be extended to other
medium-sized cities to complete or even question the results obtained here, especially
if such studies start with a different modal distribution of transport. It could also be
revealing to perform a similar study in areas with a less mature UPT network, where, the
improvement in the characteristics of public transport themselves could probably be a
sufficient tool to incorporate new users eager to have cheaper and more efficient transport
alternatives. Finally, it would also be useful to compare the results obtained in this study
regarding the average of users recovered in UPT with those reached in municipalities that
have implemented significant restrictions to private vehicles during the past three years
such as those that this study suggests. This would allow future research to delve into the
effectiveness of the different public policies in promoting a more sustainable urban mobility.
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