
The Open Transportation Journal ISSN: 1874-4478
DOI: 10.2174/0126671212395722250628150539, 2025, 19, e26671212395722 1

RESEARCH ARTICLE OPEN ACCESS

Investigating the Impact of Public Transport Usage
Behaviors on Air Pollution After COVID-19

Emre Kuşkapan1,*  and Tiziana Campisi2

1Civil  Engineering  Department/  Transportation,  Engineering  and  Architecture  Faculty,  Erzurum  Technical
University,  Turkey
2Department of Engineering and Architecture, University of Enna Kore, 94100 Cittadella Universitaria Enna (EN),
Italy

Abstract:
Introduction:  The  COVID-19  pandemic  has  significantly  disrupted  urban  life,  including  long-lasting  changes  in
public transportation usage patterns. This study investigates how behavioral shifts in public transport ridership after
the pandemic have influenced urban air quality.

Materials and Methods: The research analyzed data from eight major European cities: Paris, Berlin, Athens, Rome,
Lisbon,  Madrid,  Istanbul,  and  London.  A  Public  Transport  Usage  Index  (PTUI)  was  developed  based  on  five  key
behavioral factors affecting public transport use post-COVID. The relationship between this index and air quality was
statistically examined by calculating the correlation between PTUI and the post-pandemic Air Quality Index (AQI).

Results:  A  strong  negative  correlation  (r  =  -0.9304)  was  identified  between  the  PTUI  and  AQI,  indicating  that
increased public transport use is associated with improved air quality. All cities showed this trend, except Berlin,
where  the  pattern  deviated.  Notably,  cities  with  higher  PTUI  scores  experienced  more  significant  reductions  in
pollution indicators such as PM2.5 and NO2.

Discussion: These results underscore the role of sustainable public transport usage in mitigating urban air pollution.
The  findings  align  with  existing  literature  emphasizing  modal  shift  as  a  key  strategy  in  urban  environmental
improvement. However, the study is limited by potential variations in data reporting standards across cities and by
short-term observational scope.

Conclusion: This study demonstrates that post-pandemic behavioral changes in public transport usage have had a
measurable impact on urban air quality.  The findings offer valuable insight for urban planners and policymakers
seeking  to  design  resilient,  health-conscious  transportation  systems  that  support  long-term  environmental
sustainability.
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1. INTRODUCTION
Public  transportation  is  one  of  the  most  preferred

modes of  travel  in urban areas.  Public transportation sys-
tems are designed based on factors such as the structure of
cities,  transportation  network,  transportation  type,  pass-
enger  profile  and  service  level.  The  efficiency  of  the  de-
signed public transportation systems is directly related to
the  investments  made  in  this  transportation  system.
People's preference for public transportation in a city varies
depending on the level of investment in the system. When
convenient transportation facilities are provided, individuals
are more likely to prefer public transportation over private
cars. This shift can lead to improvements in several areas,
including  traffic  congestion,  air  and  noise  pollution,  and
fuel and energy consumption [1-4].

There are many factors that affect people's preference
for public transportation. One of the most important among
these  factors  is  transportation  safety.  Individuals  seek  to
travel  safely  by  public  transport  without  facing  traffic
accidents  or  in-vehicle  safety  concerns.  Certain  types  of
public  transportation  offer  enhanced  safety  compared  to
private  vehicles,  making  public  transit  a  more  attractive
option [5-9].

Another important factor that encourages individuals to
use public transportation is economic transportation oppor-
tunities.  Public  transportation  vehicles  offer  much  more
economical transportation than transportation by individual
vehicles.  In  many countries,  in  order  to  encourage public
transportation, policymakers organize various campaigns to
make public transportation more affordable [10-12].

In addition to these factors, the fact that transportation
can be provided quickly and practically increases the likeli-
hood  of  public  transportation  systems  being  preferred.
Especially in big cities, traffic congestion is quite high due
to  the  density  of  individual  automobiles.  This  traffic  con-
gestion causes delays in reaching where people want to go.
However,  in  some public  transportation  systems,  the  pro-
vision  of  fast  and  punctual  transportation  opportunities,
thanks  to  the  road  sections  specially  allocated  to  these
vehicles,  enables  people  to  turn  to  public  transportation
[13, 14].

Another  important  factor  affecting  the  preference  for
public transportation is epidemics. Although this situation
occurs very rarely,  it  can significantly affect  public trans-
portation.  For  example,  the  COVID-19  pandemic,  which
emerged towards the end of 2019, affected the whole world,
and  many  restrictions  occurred  in  2020  and  2021.  These
restrictions are especially concentrated in social and indoor
areas.  Many changes were also made in the use of  public
transportation within a short  period.  In order to maintain
social distancing in public vehicles, some passenger seats
have been left empty, or vehicles have taken very few pass-
engers.  As  a  result  of  these  restrictions,  the  tendency  to-
wards individual modes of transportation increased. How-
ever,  even though the restrictions were later  lifted comp-
letely, changes in the preference for public transportation
have become permanent for a significant portion of people
[15-19].

There are several studies in the literature that examine
the  impact  of  the  COVID-19  pandemic  on  public  trans-
portation  systems.  In  one  of  these  studies,  Sahraei  et  al.
[20]  examined  12  different  cities  to  reveal  how  curfew
affected public transportation during COVID-19. They cal-
culated  how  much  the  air  quality  indices  changed  before
and after the curfew in these cities. As a result of the study,
it was found that the percentages of air pollutants in these
cities decreased significantly.

Tirachini and Cats [21] talked about the economic and
social impacts of the COVID-19 pandemic on public trans-
portation systems. They revealed that restrictions on public
transportation  systems,  especially  during  curfew  periods,
negatively affected this transportation sector. As a result of
the  study,  they  stated  that  some  recommendations  to  im-
prove public  health in public  transportation systems offer
an important perspective for policymakers.

Dong  et  al.  [22]  mentioned  that  public  transportation
users' perspectives on this mode of transportation changed
during  the  pandemic  process.  It  was  revealed  that  the
measures taken during the pandemic prevented the rapid
spread  of  infectious  diseases,  and  this  situation  was  wel-
comed  by  public  transportation  users.  The  research  also
revealed that implementing safety measures for passengers
is  essential  to  prevent  a  decline  in  public  transportation
ridership.

In another study in this field, Vickerman [23] stated that
the COVID-19 pandemic has severely affected public trans-
portation systems, highlighting the need for financial sup-
port for service providers. He also stated that the future of
public  transportation  systems  is  seriously  threatened,
especially as people continue to work from home. For this
purpose, he argued that in order to increase the efficiency
of public transportation systems, the current system should
be reviewed, and some arrangements should be made.

In order to examine the impact of COVID-19 on future
public transportation use, Downey et al.  [24] conducted a
survey  of  994  people.  A  significant  portion  of  the  survey
participants  stated  that  they  would  prefer  to  use  public
transportation systems less after the pandemic. The study
revealed that factors such as the risk of COVID-19 infection,
household size, travel preferences, and region significantly
influence public transportation choices.

When examining existing studies in the literature, it is
evident that the COVID-19 pandemic has significantly influ-
enced individuals' transportation preferences. Restrictions
on public transportation during the pandemic led many to
adopt  alternative  modes  of  travel,  and  over  time,  these
changes  became  permanent  for  a  considerable  portion  of
the population. Conversely, in certain cities, the enhanced
appeal  of  public  transportation  systems  post-pandemic
caused  some  individuals  to  shift  from  personal  motor
vehicles to public transport. These shifts in transportation
behavior likely impacted urban air quality, yet their specific
effects  remain  underexplored.  This  study  aims  to  fill  this
gap by investigating how changes in public transportation
usage after COVID-19 have influenced air quality in cities.
Unlike existing research, this work uniquely focuses on the
environmental implications of post-pandemic public trans-
port  usage  trends.  The  findings  provide  valuable  insights
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into  the  intersection of  urban mobility  and environmental
sustainability,  advancing our understanding of  the pande-
mic's long-term effects on urban ecosystems.

2. MATERIALS AND METHODS

2.1. Case Study
The cities with the highest population density in eight

different  European  countries  were  chosen  as  the  study
area. These cities are London in the United Kingdom, Paris
in  France,  Berlin  in  Germany,  Athens  in  Greece,  Rome in
Italy,  Lisbon in  Portugal,  Madrid in  Spain and Istanbul  in
Turkey. Among the common characteristics of these cities is
the  availability  of  air  quality  index  data  for  the  PM2.5
pollutant  type,  both  before  and  after  COVID-19.  Another
common feature in these cities is the availability of data on
the  extent  to  which  the  COVID-19  pandemic  has  affected
the frequency of public transportation use. Table 1  shows
the information about the cities preferred as the study area.

Table 1. List of cities.

No Country City Population
(Million) Latitude/longitude

1 France Paris 12.174 48.51° N / 2.20° E
2 Germany Berlin 3.577 52.31° N / 13.24° E
3 Greece Athens 3.154 37.58° N / 23.42° E
4 Italy Roma 4.316 41.53° N / 12.30° E
5 Portugal Lizbon 3.001 38.43° N / 9.70° E
6 Spain Madrid 6.783 40.24° N / 3.42° E
7 Türkiye Istanbul 15.848 41.01° N / 28.94° E
8 United Kingdom London 9.748 51.30° N / 0.07° E

Paris,  one of the cities in the study area, is the capital
and most populous city of France. The city is one of Europe's
centers  of  finance,  fashion,  art,  science,  trade  and  diplo-
macy. Paris has a mild climate and moderate rainfall due to
its  location.  Urban  transportation  is  provided  by  rail  and
road.  The  underground  metro  and  tram  network  for  rail
transportation is quite developed. Buses are used for road
transportation. The city center is divided into various dist-
ricts,  and  an  infrastructure  system  has  been  created  to
provide  access  to  all  districts  by  public  transportation
systems.

Berlin  is  the  capital  and  largest  city  of  Germany.  In
1990, the city, which developed as a result of the unification
after  the  fall  of  the  Berlin  Wall,  has  become  a  center  of
science and culture over time. The average annual tempe-
rature in the city is about 9 degrees. The annual rainfall is
not  too  much  and  is  homogeneously  distributed  over  the
months. Although the rivers in the city center have limited
the transportation network, the tram line is quite extensive.
In addition to the tram, metro and bus transportation are
frequently used in urban public transportation systems.

Athens, the capital of Greece, is one of the largest cities
in the region. It is considered one of the centers of Western
civilization. Since the city is located on the seacoast, mari-
time,  industrial  and  economic  activities  are  highly  deve-
loped. The city has a semi-arid and mild climate. The tem-
perature does not fall  below 0 degrees Celsius during the

year.  Trams, electric trains and buses are used for public
transportation in the city. Thanks to the port of Piraeus, the
transportation network between the port and inland areas
has developed.

Rome, the capital of Italy, is the most populous city in
the  country.  The  city  has  been  the  center  of  many  civi-
lizations since ancient times. For this reason, it  has deve-
loped especially in the fields of history and tourism. The city
has a Mediterranean climate, and the average annual tem-
perature is around 21 degrees. It receives the most preci-
pitation  in  the  fall  season.  Metro  and  buses  are  used  as
public transportation in the city. However, since the metro
network is quite limited, bus use is more common.

Lisbon is the capital and largest city of Portugal. Lisbon
is  one  of  the  hottest  cities  in  Europe  and  has  a  Mediter-
ranean climate. Although snowfall is very rare, it rains more
in November and December. Economy, industrialization and
cultural activities are highly developed in the city. The city
has  a  well-developed  public  transportation  network  with
bus, tram and metro networks. In addition, nostalgic trams
and  funicular  transportation  are  also  available  in  some
areas.

Madrid, the capital and the most populous city of Spain,
is  also  one  of  the  most  populous  cities  in  the  European
Union. It stands out especially in politics, education, fashion,
culture and art.  The average temperature in the city is  15
degrees,  and  the  annual  rainfall  is  low.  The  city's  trans-
portation network is highly developed, and it  is  one of the
cities with the longest metro systems in Europe.

Istanbul is the most populous city in Europe and one of
the  most  populous  cities  in  the  world.  Its  geopolitical
position comes to the fore as it acts as a bridge connecting
the  continents  of  Europe  and  Asia.  A  mixture  of  Mediter-
ranean and Black Sea climates is observed in the city. The
average annual temperature is 14 degrees, and it receives
the most precipitation in the winter months. The city has a
well-developed  rail,  road  and  maritime  transportation
network.

London, the capital of the United Kingdom and England,
is also the most populous city in the country. In addition to
being  one  of  the  world's  largest  financial  centers,  it  also
stands out in terms of history and tourism. In addition, the
port  of  London  makes  it  an  important  trade  center.  The
average annual temperature in the city is 11 degrees, and it
receives  average  precipitation  throughout  the  year.  The
city's  transportation infrastructure is  very developed,  and
the  world's  oldest  subway  is  in  this  city.  The  map  of  the
study area is shown in Fig. (1).

2.2. Method
The amount of particulate matter (PM2.5) in the air was

taken  into  account  in  order  to  determine  the  impact  of
public  transport  usage  behaviors  on  air  pollution  after
COVID-19 in the study area cities. Since PM2.5 is suspen-
ded  in  the  air,  it  can  cause  serious  health  problems  in
people who breathe it. According to the report prepared by
the World Health Organization, more than 7 million people
die annually in the world due to air pollution [26]. The flow
diagram of the study process is shown in Fig. (2).
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Fig. (1). Study areas [25].

Fig. (2). The flow diagram of the study.

Air pollution measurements for each city are obtained
from world air pollution platforms [27]. Air pollution levels
bring about various health problems. Fig. (3) shows the air
pollution  levels  for  PM2.5,  the  health  problems  that  may
occur and the measures that can be taken.

Various equations are used to calculate the air quality
index  value  in  a  region.  Eqs.  (1  and  2),  in  which  these
calculations are used, are given below.

(1)

(2)

Where IAQI = the Individual Air Quality Index, n=the pol-
lution project (PM2.5), Ih and Il = AQI limits, Ch and Cl = the
pollutant  concentration  limits,  C  =  the  input  value,  the
pollutant  concentration.  Table  2  shows  the  concentration
limits for PM2.5 air pollutants.

Table  2.  PM2.5  air  pollutant  concentration  limits
[29].

AQI Value of the
Index

PM2.5 Concentration
(μg/m3)

Air Pollution
Level

0–50 0–12 Level 1
51–100 12.1–35.4 Level 2

101–150 35.5–55.4 Level 3
151–200 55.5–150.4 Level 4
201–300 150.5–250.4 Level 5

301 and Higher 250.5–Higher Level 6

3. RESULTS

3.1. Public Transportation Usage
Public transportation policies in cities affect the entire

transportation structure of the city. As the importance given
to public transportation systems in a city and the quality of
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Fig. (3). Warning and health impact statement for air quality index (aqi) related to particulate matter (PM2.5) [28].

service provided to users increase, the preferability for this
mode  of  transportation  increases.  Therefore,  people  may
prefer  public  transportation  more  instead  of  using  indivi-
dual  vehicles.  At this  stage of  the study,  the public trans-
portation  structure  of  the  cities  in  the  study  area  was
examined.

In  Paris,  public  transportation  systems  are  designed
according  to  the  concept  of  cheap  and  efficient  service.
Tickets  provided  for  urban  transportation  are  valid  for
every type of transportation. Metro and tram systems have
been actively used in public transportation for many years.
The  Paris  metro  system  is  known  as  the  second  busiest
metro system in Europe. Although urban bus systems are a
little more complicated than metro lines, stop, direction and
location  information  can  be  easily  learned  via  a  mobile
application. For this reason, public transportation buses are
also widely used in the city [30].

Berlin's public transportation system is among the most
advanced in  the  world.  Its  well-connected network allows
access to nearly every part of the city. There are three dif-
ferent  bus  systems  in  the  city.  These  are  double-decker

buses  that  run  very  frequently,  regular  buses  and  night
buses. The Berlin tram, one of the oldest trams in the world,
operates 24 hours a day. Although the metro is more limited
than  the  tram,  it  has  both  underground  and  overground
lines [31, 32].

The metro,  also known as the electric train in Athens,
consists  of  three  main  lines.  Metro  lines  connect  the  city
center to the outskirts, the port and the airport. The tram
serves  mainly  the  coastal  areas  and  the  harbor  area.  In
addition  to  regular  buses,  trolleybuses,  which  are  electri-
cally powered buses, also operate in the city. Buses gene-
rally run parallel to the metro lines. Since there is an inte-
grated  ticketing  system  with  all  public  transportation
systems in the city, the use of public transportation is wide-
spread [33, 34].

Most of the public transportation in Rome is provided by
buses.  Access  to  every  point  of  the  city  is  possible  with
many bus lines. There are also bus lines specially designed
for tourists. Due to the historical structure of the city, metro
lines are very limited. If tunnel excavations are carried out
for the subways, it is aimed not to damage these historical
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structures, as there is a possibility of encountering archaeo-
logical remains [35, 36].

Metro,  tram  and  bus  systems  are  frequently  used  in
public transportation in Lisbon. In addition to these, there
is also a ferry transportation system. There are 4 different
lines with a length of approximately 50 kilometers in metro
transportation. Trams are generally used for touristic pur-
poses. Small and old-type trams with wagons attract a lot of
attention.  Some  of  these  trams  operate  outside  of  rush
hours. Buses are the most widely used type of public trans-
portation, and there are bus lines operating in two different
systems, day and night [37, 38].

The most effective public transportation system used in
urban transportation in Madrid is the metro. The city has a
metro network of approximately 300 kilometers on 12 lines.
Buses  are  also  highly  preferred  in  public  transportation.
Bus service is provided at a level that can be found every 15
minutes in general at the stops. In addition to these, the 4-
line light rail system has been in use since the 19th century.
Train transportation is also provided with 9 different lines
within the city [39, 40].

Istanbul  has  a  versatile  public  transportation  system,
depending on the population density. Public transportation
services are provided by metro, tram, metrobus, bus, funi-
cular,  ferry  and  sea  buses.  Road  and  rail  transportation
services are provided by the Bosphorus bridges connecting
the  two  sides  of  the  city,  while  ferries  are  also  available
over  the  sea.  The  metro  network  of  approximately  200
kilometers also provides an important public transportation
service in the city [41, 42].

Among the public transportation systems in the city of
London, the metro, which has been serving since 1890, is
very popular.  It  is  used by approximately 1.5 billion pass-
engers  annually.  Bus  transportation  in  the  city’s  public
transit system is served by approximately 10,000 vehicles.
The city also has a modern tram network called Tramlink.
In addition to these, the London cable car is another type of
public  transportation  that  is  generally  used  for  touristic
purposes [43, 44].

Table  3.  Types  of  behavioral  changes  of  public
transport  users  after  COVID-19  [45].

Variable
Number

How has COVID-19 Affected the Frequency of your
Public Transportation Usage?

1 I no longer use public transportation.
2 I use public transportation less frequently than before

3 It did not affect the frequency with which I use public
transportation.

4 I use public transportation more.
5 I have switched to other modes of transportation.

When  the  cities  in  the  study  area  are  evaluated  to-
gether, all of them are among the largest cities within the
borders of the country they are located in. For this reason,
the  transportation  infrastructures  of  the  cities  are  quite
developed.  In  some  cities,  in  addition  to  road  transpor-
tation, rail and maritime transportation are also preferred

in public transportation. However, significant changes have
been observed in  people's  preference for  public  transpor-
tation after COVID-19. There were five different situations
for the change in the frequency of public transportation use
among individuals. These changes are shown in Table 3.

3.2. Air Quality Index
Air  quality  index  is  a  value  obtained  by  the  ratios  of

various chemical substances in the air instantaneously mea-
sured  by  air  measuring  devices.  This  value  changes  cons-
tantly.  For  this  reason,  it  is  typically  reported  on  a  daily,
monthly,  or  annual  basis  to  provide  general  information
about  the  air  quality  in  a  given  region.  During  measure-
ments, very high values may occasionally be observed. How-
ever, a consistently high air quality index over the long term
poses serious risks to human health.

Measurements for PM2.5, which is one of the most fre-
quently  used  criteria  among  air  pollutants  and  provides
clearer ideas, were utilized. Fig. (4a) London and Madrid.
Fig.  (4b)  shows  annual  PM2.5  measurements.  Fig.  (5)
shows the air quality indices of the cities in the study area
before and after the COVID-19 pandemic.

3.3.  Relation  between  Public  Transportation  Usage
and Air Quality Index

It was aimed to evaluate these two situations together
to examine the impact of changes in public transport usage
behavior  on  air  quality  after  the  COVID-19  outbreak  in
cities. To determine the Public Transportation Usage Index
(PTUI),  a  formulation  was  developed  using  five  variables
and the corresponding coefficients identified through reg-
ression  analysis.  The  formulation  of  the  public  transpor-
tation usage index (PTUI) is shown in Eq. (3).

(3)

The correlation coefficient was calculated for each city
to reveal the relationship between the public transportation
utilization index and the air quality index. The relationship
between these two variables is shown in Table 4.

The  data  in  the  table  shows  the  relationship  between
public transport user behavior and air quality change after
COVID-19  for  8  different  cities.  In  Berlin,  the  AQI  value
increased after COVID-19 (from 9.7 to 12.6),  and thus air
pollution increased. In contrast, cities such as Rome, Istan-
bul, Paris, Lisbon, Lisbon, Madrid, London and Athens have
seen a decrease in AQI values, meaning that air quality has
improved in these cities.

4. DISCUSSION
When  Public  Transport  Utilization  Index  (PTUI)  values

are analyzed, there are small differences between cities. The
highest  PTUI  value  was  recorded  in  Istanbul  and  Athens
(505.4),  while  the  lowest  was  recorded  in  Lisbon  (494.5).
The  correlation  coefficient  (0.9304),  calculated  using  data
from  all  cities,  indicates  a  strong  positive  correlation  bet-
ween  changes  in  public  transport  usage  behavior  and  air
quality.
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Fig. (4). Annual air quality measurement values in London (a) and Madrid (b) before and after COVID-19 [26].
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Fig. (5). Air quality indices of cities in the study area before and after the COVID-19 pandemic.

Table 4. Correlation coefficients calculated for PTUI and AQI values in cities.

Cities
AQI Variables

PTUI Corr.
Coef.Before COVID-19 After COVID-19 V1 V2 V3 V4 V5

Berlin 9.7 12.6 6.1 23.5 55.3 12.5 2.7 498.9

0.9304

Roma 12.9 12.6 3.1 16.6 66 8.7 5.7 502.6
Istanbul 19.9 17.9 1.8 15.3 69.9 9.6 3.3 505.4

Paris 14.7 12.7 5 21.4 60.2 10.7 2.6 501.5
Lizbon 9.4 7.5 1.3 13 64.2 14.7 6.8 494.5
Madrid 10 9.3 1.5 12.2 66.8 16.8 2.7 497.5
London 11.4 9.6 3.9 27.2 52.4 14.2 2.3 499.4
Atina 22.3 19.2 3.1 24.9 59.5 9.2 3.3 505.4

When the effect of the variables is analyzed, it  can be
observed  that  cities  where  the  variables  “I  no  longer  use
public transport” (V1) and “I use public transport less than
before” (V2) are low (e.g., Lisbon and Madrid) show a more
significant improvement in AQI values. The variable “I use
public  transportation  more”  (V4)  has  the  highest  value  in
Madrid (16.8).

Overall, it can be said that changes in public transpor-
tation use can have complex effects on air quality. The high
positive correlation coefficient indicates that, as a general
trend, in cities where the use of public transportation decr-
eases, the tendency towards motorized vehicles increases,
thus increasing air pollution. However, when evaluated on a
city-specific basis, some cities that have increased the use
of public transportation (e.g., Madrid) have seen a decrease
in AQI values. In addition, cities with a high shift to other
modes  of  transportation  (V5)  (e.g.,  Lisbon)  have  seen  an
improvement in AQI values. In this case, it can be said that

there is a shift towards micromobility transportation instead
of  public  transportation.  Considering  all  the  results  obt-
ained throughout the study, it is determined that changes in
public transport  usage behavior have a significant impact
on air pollution in cities. In cities where the use of public
transportation  tends  to  decrease,  it  is  very  important  to
encourage  micro  mobility  vehicles  and  pedestrian  trans-
portation, which are more environmentally friendly means
of transportation, instead of motor vehicles.

The transition to electric and hybrid vehicles is crucial
to reducing air pollution from public transportation. The use
of alternative fuels, especially CNG and hydrogen fuel cells,
can  significantly  reduce  emissions.  Intelligent  transpor-
tation systems can minimize unnecessary stop-start move-
ments  by  optimizing  routes  and  stops.  Exhaust  filtration
technologies  can  be  made  mandatory  to  reduce  the  envi-
ronmental  damage  caused  by  diesel  vehicles.  In  addition,
the  need  for  motorized  transport  can  be  reduced  by  pro-
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moting bicycle and pedestrian-friendly transportation poli-
cies.  These  measures  can  both  improve  air  quality  and
support  sustainable  transportation  solutions.

CONCLUSION
In this study, the effects of behavioral changes of public

transport users on air quality after the COVID-19 pandemic
were  investigated.  One  of  the  notable  lifestyle  changes
observed globally following the pandemic is a shift in public
transportation  usage.  The study  analyzed data  from eight
major  European  cities  (Berlin,  Rome,  Istanbul,  Paris,
Lisbon,  Madrid,  London  and  Athens).  A  Public  Transport
Usage Index (PTUI) was calculated based on five different
behavioral  changes  identified  for  public  transport  users,
and the correlation coefficient between this index and the
post-COVID-19 Air Quality Index (AQI) was 0.9304. Overall,
the findings show that changes in public transport use have
a significant impact on air quality. In all cities except Berlin,
changes in public transport use were found to improve air
quality.

The study shows that policies that encourage the use of
public transport generally have the potential to improve air
quality.  However,  these  policies  need  to  be  planned  in
detail, taking into account the specific conditions of cities
and the characteristics of public transport systems. Urban
planners and policymakers should consider the findings of
this study when developing sustainable transportation poli-
cies. Such policies are important for improving air quality
and  promoting  the  effective  use  of  public  transportation.
The  findings  of  this  study  can  serve  as  an  important
reference for future studies on how cities develop sustain-
able  transportation  policies.  Effective  implementation  of
such policies is critical  for both improving air quality and
increasing the use of public transportation.

AUTHORS’ CONTRIBUTIONS
It is hereby acknowledged that all authors have accepted

responsibility for the manuscript's content and consented to
its submission. They have meticulously reviewed all results
and  unanimously  approved  the  final  version  of  the
manuscript.

LIST OF ABBREVIATIONS

AQI = Air quality index
PM = Particulate Matter
PTUI = Public transportation usage index

CONSENT FOR PUBLICATION
Not Applicable.

AVAILABILITY OF DATA AND MATERIALS
All  data  generated  or  analyzed  during  this  study  are

included in this published article.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
C. McTigue, J. Monios, and T. Rye, "The principal-agent problem[1]
in contracting public transport provision to private operators: A
case study of the UK Quality Contract Scheme", Util. Policy, vol.
67, p. 101131, 2020.
[http://dx.doi.org/10.1016/j.jup.2020.101131]
G.  Oeschger,  P.  Carroll,  and  B.  Caulfield,  "Micromobility  and[2]
public  transport  integration:  The  current  state  of  knowledge",
Transp. Res. Part D Transp. Environ., vol. 89, p. 102628, 2020.
[http://dx.doi.org/10.1016/j.trd.2020.102628]
S. Porru, F.E. Misso, F.E. Pani, and C. Repetto, "Smart mobility[3]
and public transport: Opportunities and challenges in rural and
urban areas", J. traffic Transp. Eng., vol. 7, no. 1, pp. 88-97, 2020.
[http://dx.doi.org/10.1016/j.jtte.2019.10.002]
F.G. Praticò, R. Ammendola, and A. Moro, "Factors affecting the[4]
environmental  impact  of  pavement  wear",  Transp.  Res.  Part  D
Transp. Environ., vol. 15, no. 3, pp. 127-133, 2010.
[http://dx.doi.org/10.1016/j.trd.2009.12.002]
Z. Baboli, R. Hayati, K. Mosavion, M. Goudarzi, B. Sadeghi-Nejad,[5]
F.  Ghanbari,  H.  Maleki,  M.  Yazdani,  G.  Hayat  Davoudi,  and  G.
Goudarzi,  "An  evaluation  of  fungal  contamination  and  its
relationship  with  PM  levels  in  public  transportation  systems",
Environ. Res., vol. 252, no. Pt 2, p. 118901, 2024.
[http://dx.doi.org/10.1016/j.envres.2024.118901]  [PMID:
38609068]
M. Yilmaz, F. Tosunoglu, and N.H. Kaplan, "Evaluation of trends[6]
and dominant modes in maximum flows in turkey using discrete
and additive wavelet transforms", J. Hydrol. Eng., vol. 25, no. 11,
p. 05020037, 2020.
[http://dx.doi.org/10.1061/(ASCE)HE.1943-5584.0002000]
E. Kuşkapan, "An assessment of the relationship between micro-[7]
mobility use and air quality in selected cities", Urban Clim., vol.
58, p. 102180, 2024.
[http://dx.doi.org/10.1016/j.uclim.2024.102180]
X. Querol, A. Alastuey, N. Moreno, M.C. Minguillón, T. Moreno, A.[8]
Karanasiou, J.L. Jimenez, Y. Li, J.A. Morguí, and J.M. Felisi, "How
can  ventilation  be  improved  on  public  transportation  buses?
Insights  from  CO2  measurements",  Environ.  Res.,  vol.  205,  p.
112451, 2022.
[http://dx.doi.org/10.1016/j.envres.2021.112451]  [PMID:
34848209]
T.  Campisi,  E.  Kuşkapan,  M.Y.  Çodur,  and  D.  Dissanayake,[9]
"Exploring the influence of socio-economic aspects on the use of
electric  scooters  using  machine  learning  applications:  A  case
study in the city of Palermo", Res. Transp. Bus. Manag., vol. 56, p.
101172, 2024.
[http://dx.doi.org/10.1016/j.rtbm.2024.101172]
D.G.  Chatman,  and  R.B.  Noland,  "Do  public  transport[10]
improvements  increase  agglomeration  economies?  A  review  of
literature and an agenda for research", Transp. Rev., vol. 31, no.
6, pp. 725-742, 2011.
[http://dx.doi.org/10.1080/01441647.2011.587908]
D.  Hörcher,  and  A.  Tirachini,  "A  review  of  public  transport[11]
economics", Econ. Transp., vol. 25, p. 100196, 2021.
[http://dx.doi.org/10.1016/j.ecotra.2021.100196]
W.  Seo,  and  H.K.  Nam,  "Trade-off  relationship  between  public[12]
transportation accessibility and household economy: Analysis of
subway  access  values  by  housing  size",  Cities,  vol.  87,  pp.
247-258,  2019.
[http://dx.doi.org/10.1016/j.cities.2018.11.004]
E.U. Haq, X. Huarong, C. Xuhui, Z. Wanqing, F. Jianping, and F.[13]
Abid,  "A  fast  hybrid  computer  vision  technique  for  real-time
embedded  bus  passenger  flow  calculation  through  camera",
Multimedia Tools Appl., vol. 79, no. 1-2, pp. 1007-1036, 2020.
[http://dx.doi.org/10.1007/s11042-019-08167-y]

http://dx.doi.org/10.1016/j.jup.2020.101131
http://dx.doi.org/10.1016/j.trd.2020.102628
http://dx.doi.org/10.1016/j.jtte.2019.10.002
http://dx.doi.org/10.1016/j.trd.2009.12.002
http://dx.doi.org/10.1016/j.envres.2024.118901
http://www.ncbi.nlm.nih.gov/pubmed/38609068
http://dx.doi.org/10.1061/(ASCE)HE.1943-5584.0002000
http://dx.doi.org/10.1016/j.uclim.2024.102180
http://dx.doi.org/10.1016/j.envres.2021.112451
http://www.ncbi.nlm.nih.gov/pubmed/34848209
http://dx.doi.org/10.1016/j.rtbm.2024.101172
http://dx.doi.org/10.1080/01441647.2011.587908
http://dx.doi.org/10.1016/j.ecotra.2021.100196
http://dx.doi.org/10.1016/j.cities.2018.11.004
http://dx.doi.org/10.1007/s11042-019-08167-y


10   The Open Transportation Journal, 2025, Vol. 19 Kuşkapan and Campisi

N. Li, L. Kong, W. Shu, and M.Y. Wu, "Benefits of short-distance[14]
walking and fast-route scheduling in public vehicle service", IEEE
Trans. Intell. Transp. Syst., vol. 21, no. 9, pp. 3706-3717, 2020.
[http://dx.doi.org/10.1109/TITS.2019.2931798]
E.  Kuşkapan,  "Utilisation  of  Machine  Learning  methods  to[15]
increase  efficiency  in  public  transport  systems",  J.  Inst.  Sci.
Technol.,  vol.  14,  no.  2,  pp.  743-754,  2024.
K. Gkiotsalitis, and O. Cats, "Public transport planning adaption[16]
under  the  COVID-19  pandemic  crisis:  Literature  review  of
research needs and directions", Transp. Rev., vol. 41, no. 3, pp.
374-392, 2021.
[http://dx.doi.org/10.1080/01441647.2020.1857886]
S.Y. He, K.K. Sun, S. Luo, J. Lee, and G. Parady, "The impacts of[17]
COVID-19  and  social  distancing  on  transport  mode  usage  and
travel satisfaction: Evidence from a transit-oriented city", Travel
Behav. Soc., vol. 33, p. 100617, 2023.
[http://dx.doi.org/10.1016/j.tbs.2023.100617]
B.R.  Naveen,  and  A.  Gurtoo,  "Public  transport  strategy  and[18]
epidemic  prevention  framework  in  the  Context  of  Covid-19",
Transp.  Policy,  vol.  116,  pp.  165-174,  2022.
[http://dx.doi.org/10.1016/j.tranpol.2021.12.005]  [PMID:
34898864]
M. Yılmaz, and F. Tosunoğlu, "Non-stationary low flow frequency[19]
analysis under climate change", Theor. Appl. Climatol., vol. 155,
no. 8, pp. 7479-7497, 2024.
[http://dx.doi.org/10.1007/s00704-024-05081-8]
M.A. Sahraei, E. Kuşkapan, and M.Y. Çodur, "Impact of Covid-19[20]
on public transportation usage and ambient air quality in Turkey",
Promet, vol. 33, no. 2, pp. 179-191, 2021.
[http://dx.doi.org/10.7307/ptt.v33i2.3704]
A. Tirachini, and O. Cats, "COVID-19 and public transportation:[21]
Current  assessment,  prospects,  and  research  needs",  J.  Public
Transp., vol. 22, no. 1, pp. 1-21, 2020.
[http://dx.doi.org/10.5038/2375-0901.22.1.1] [PMID: 36118518]
H.  Dong,  S.  Ma,  N.  Jia,  and  J.  Tian,  "Understanding  public[22]
transport  satisfaction  in  post  COVID-19  pandemic",  Transp.
Policy,  vol.  101,  pp.  81-88,  2021.
[http://dx.doi.org/10.1016/j.tranpol.2020.12.004]
R.  Vickerman,  "Will  Covid-19  put  the  public  back  in  public[23]
transport? A UK perspective", Transp. Policy, vol. 103, pp. 95-102,
2021.
[http://dx.doi.org/10.1016/j.tranpol.2021.01.005]  [PMID:
33558796]
L. Downey, A. Fonzone, G. Fountas, and T. Semple, "The impact of[24]
COVID-19  on  future  public  transport  use  in  Scotland",  Transp.
Res. Part A Policy Pract., vol. 163, pp. 338-352, 2022.
[http://dx.doi.org/10.1016/j.tra.2022.06.005] [PMID: 35784830]
"World  Map:  Microstates",  Available  from:[25]
https://www.mapchart.net/detworld.html
M.  Öztürk,  "Invisible  silent  killer  PM10  and  PM2.5  pollution",[26]
Available from: https://www.indyturk.com/node/440731/t
"Explore your air quality", Available from: https://www.iqair.com/[27]
"World’s air pollution: Real-time air quality index", Available from:[28]
https://waqi.info
N.M. Wambebe, and X. Duan, "Air quality levels and health risk[29]
assessment  of  particulate  matters  in  Abuja  municipal  area,
Nigeria",  Atmosphere,  vol.  11,  no.  8,  p.  817,  2020.
[http://dx.doi.org/10.3390/atmos11080817]
Y. Sebsadji, S. Glaser, S. Mammar, and J. Dakhlallah, "Road slope[30]
and vehicle dynamics estimation", Proc. Am. Control Conf.,  vol.
•••, pp. 4603-4608, 2008.
[http://dx.doi.org/10.1109/ACC.2008.4587221]
M.  Finbom,  W.  Kębłowski,  W.  Sgibnev,  L.  Sträuli,  P.  Timko,  T.[31]
Tuvikene,  and  T.  Weicker,  COVID-19  and  Public  Transport:
Insights  from  Belgium  (Brussels),  Estonia  (Tallinn),  Germany
(Berlin, Dresden, Munich), and Sweden., DEU: Stockholm, 2021.

K.M. Nissen, N. Becker, O. Dähne, M. Rabe, J. Scheffler, M. Solle,[32]
and  U.  Ulbrich,  "How  does  weather  affect  the  use  of  public
transport in Berlin?", Environ. Res. Lett., vol. 15, no. 8, p. 085001,
2020.
[http://dx.doi.org/10.1088/1748-9326/ab8ec3]
E. Goulas,  A.  Kontaxi,  and G. Yannis,  "Free Public Transport in[33]
Athens:  A  stated  preference  approach",  Transp.  Res.  Procedia,
vol. 72, pp. 926-932, 2023.
[http://dx.doi.org/10.1016/j.trpro.2023.11.519]
A.  Kopsidas,  C.  Milioti,  K.  Kepaptsoglou,  and E.I.  Vlachogianni,[34]
"How  did  the  COVID-19  pandemic  impact  traveler  behavior
toward  public  transport?  The  case  of  Athens,  Greece",  Transp.
Lett., vol. 13, no. 5-6, pp. 344-352, 2021.
[http://dx.doi.org/10.1080/19427867.2021.1901029]
M.V.  Corazza,  and  G.  Carassiti,  "Investigating  maturity[35]
requirements  to  operate mobility  as  a  service:  The rome case",
Sustainability, vol. 13, no. 15, p. 8367, 2021.
[http://dx.doi.org/10.3390/su13158367]
A.  Nuzzolo,  A.  Comi,  and  A.  Polimeni,  "Exploring  on-demand[36]
service use in large urban areas: The case of Rome", Archives of
Transport, vol. 50, no. 2, pp. 77-90, 2019.
[http://dx.doi.org/10.5604/01.3001.0013.5681]
S.  Foell,  S.  Phithakkitnukoon,  M.  Veloso,  G.  Kortuem,  and  C.[37]
Bento, "Regularity of public transport usage: A case study of bus
rides  in  Lisbon,  Portugal",  J.  Public  Transp.,  vol.  19,  no.  4,  pp.
161-177, 2016.
[http://dx.doi.org/10.5038/2375-0901.19.4.10]
C. Lemonde, E. Arsenio, and R. Henriques, "Public transportation[38]
multimodality in the City of Lisbon", Transp. Res. Procedia, vol.
58, pp. 75-82, 2021.
[http://dx.doi.org/10.1016/j.trpro.2021.11.011]
P.C.B. Cadena, J.M. Vassallo, I. Herraiz, and M. Loro, "Social and[39]
distributional  effects  of  public  transport  fares  and  subsidy
policies: Case of Madrid, Spain", Transp. Res. Rec., vol. 2544, no.
1, pp. 47-54, 2016.
[http://dx.doi.org/10.3141/2544-06]
J.  de  Oña,  E.  Estévez,  and  R.  de  Oña,  "Perception  of  public[40]
transport quality of service among regular private vehicle users in
Madrid, Spain", Transp. Res. Rec., vol. 2674, no. 2, pp. 213-224,
2020.
[http://dx.doi.org/10.1177/0361198120907095]
M.A. Sahraei, E. Kuşkapan, and M.Y. Çodur, "Public transit usage[41]
and air quality index during the COVID-19 lockdown", J. Environ.
Manage., vol. 286, p. 112166, 2021.
[http://dx.doi.org/10.1016/j.jenvman.2021.112166]  [PMID:
33609930]
Ş. İmre, and D. Çelebi, "Measuring comfort in public transport: A[42]
case  study  for  İstanbul",  Transp.  Res.  Procedia,  vol.  25,  pp.
2441-2449,  2017.
[http://dx.doi.org/10.1016/j.trpro.2017.05.261]
S. Chng, M. White, C. Abraham, and S. Skippon, "Commuting and[43]
wellbeing in London: The roles of commute mode and local public
transport connectivity", Prev. Med., vol. 88, pp. 182-188, 2016.
[http://dx.doi.org/10.1016/j.ypmed.2016.04.014]  [PMID:
27090435]
L.  Goscé,  and A.  Johansson, "Analysing the link between public[44]
transport use and airborne transmission: Mobility and contagion
in the London underground", Environ. Health, vol. 17, no. 1, p. 84,
2018.
[http://dx.doi.org/10.1186/s12940-018-0427-5] [PMID: 30514301]
"Public  transit  usage  incentives",  Available  from:[45]
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit
_Index-
countries?__hstc=171844735.6e4298c81853d31353bbbc2cd576a
1b2.1705176160628.1705176160628.1705176160628.1&__hssc=
171844735.6.1705176160629&__hsfp=999601701

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.1109/TITS.2019.2931798
http://dx.doi.org/10.1080/01441647.2020.1857886
http://dx.doi.org/10.1016/j.tbs.2023.100617
http://dx.doi.org/10.1016/j.tranpol.2021.12.005
http://www.ncbi.nlm.nih.gov/pubmed/34898864
http://dx.doi.org/10.1007/s00704-024-05081-8
http://dx.doi.org/10.7307/ptt.v33i2.3704
http://dx.doi.org/10.5038/2375-0901.22.1.1
http://www.ncbi.nlm.nih.gov/pubmed/36118518
http://dx.doi.org/10.1016/j.tranpol.2020.12.004
http://dx.doi.org/10.1016/j.tranpol.2021.01.005
http://www.ncbi.nlm.nih.gov/pubmed/33558796
http://dx.doi.org/10.1016/j.tra.2022.06.005
http://www.ncbi.nlm.nih.gov/pubmed/35784830
https://www.mapchart.net/detworld.html
https://www.indyturk.com/node/440731/t
https://www.iqair.com/
https://waqi.info
http://dx.doi.org/10.3390/atmos11080817
http://dx.doi.org/10.1109/ACC.2008.4587221
http://dx.doi.org/10.1088/1748-9326/ab8ec3
http://dx.doi.org/10.1016/j.trpro.2023.11.519
http://dx.doi.org/10.1080/19427867.2021.1901029
http://dx.doi.org/10.3390/su13158367
http://dx.doi.org/10.5604/01.3001.0013.5681
http://dx.doi.org/10.5038/2375-0901.19.4.10
http://dx.doi.org/10.1016/j.trpro.2021.11.011
http://dx.doi.org/10.3141/2544-06
http://dx.doi.org/10.1177/0361198120907095
http://dx.doi.org/10.1016/j.jenvman.2021.112166
http://www.ncbi.nlm.nih.gov/pubmed/33609930
http://dx.doi.org/10.1016/j.trpro.2017.05.261
http://dx.doi.org/10.1016/j.ypmed.2016.04.014
http://www.ncbi.nlm.nih.gov/pubmed/27090435
http://dx.doi.org/10.1186/s12940-018-0427-5
http://www.ncbi.nlm.nih.gov/pubmed/30514301
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index-countries?__hstc=171844735.6e4298c81853d31353bbbc2cd576a1b2.1705176160628.1705176160628.1705176160628.1&__hssc=171844735.6.1705176160629&__hsfp=999601701
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index-countries?__hstc=171844735.6e4298c81853d31353bbbc2cd576a1b2.1705176160628.1705176160628.1705176160628.1&__hssc=171844735.6.1705176160629&__hsfp=999601701
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index-countries?__hstc=171844735.6e4298c81853d31353bbbc2cd576a1b2.1705176160628.1705176160628.1705176160628.1&__hssc=171844735.6.1705176160629&__hsfp=999601701
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index-countries?__hstc=171844735.6e4298c81853d31353bbbc2cd576a1b2.1705176160628.1705176160628.1705176160628.1&__hssc=171844735.6.1705176160629&__hsfp=999601701
https://moovitapp.com/insights/en/Moovit_Insights_Public_Transit_Index-countries?__hstc=171844735.6e4298c81853d31353bbbc2cd576a1b2.1705176160628.1705176160628.1705176160628.1&__hssc=171844735.6.1705176160629&__hsfp=999601701

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Case Study
	2.2. Method

	3. RESULTS
	3.1. Public Transportation Usage
	3.2. Air Quality Index
	3.3. Relation between Public Transportation Usage and Air Quality Index

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




