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Highlights:

= the distance to the nearest public transport stop has a greater impact on public transport use in low-density areas such as suburbs and rural areas than
in urban environments;

= research shows that accessibility analysis allows for the identification of optimal stop locations that maximize residential coverage without increasing
travel time due to excessive stops;

= the distance of 1.5 km to a public transport stop was identified as a critical maximum threshold beyond which public transport demand significantly decreases;

= the results can help decision support systems optimize stop locations.

Article History: Abstract. Properly developed public transport infrastructure, a well-organised public transport route
= submitted 5 February 2026; network and mixed territorial development contribute to regional development, strengthen the regional
= resubmitted 31 March 2026; labour market and help reduce social exclusion. Mobility issues in sparsely populated areas receive less
= accepted 21 April 2026. attention from policy makers and territorial planners than in cities. The accessibility of public transport

in sparsely populated and difficult to reach rural areas is less studied. The need for public transport for
residents depends not only on the distribution of places of work, education, and leisure of residents, on
their transport mobility, but also on public transport infrastructure and the supply of transport. It is ac-
cepted that in European cities the average distances to public transport stops are less than 500 m. In re-
mote, sparsely populated areas, the distances are much greater. The analysed foreign examples showed
that in rural areas the distance varies from 500 m to 4.5 km. Collectively, these studies demonstrate
that no consensus has yet been reached on the optimal walking distance to public transport stops that
would ensure adequate service accessibility for residents of sparsely populated areas. The purpose aim
of this study, based on data from one Lithuanian region (Klaipéda district municipality), is to identify
statistically significant distance thresholds that influence public transport use by integrating Geographic
Information System (GIS) based spatial population data with passenger demand analysis, thereby cre-
ating a data-driven basis for optimizing public transport stop locations in sparsely populated regions.
The study was conducted in 4 steps. In the Step 1, a database of stops was prepared, where groups of
stops serving the same population were combined. In the Step 2, data on the need for stops were col-
lected and the main service distances of stops that will be studied were determined. In the Step 3, the
population of residents living at selected distances from specific stops was calculated, thus forming the
main database that will be studied in the Step 4. In the Step 4, the level of dependence between stop
demand and population was found at different distances. The study showed that the maximum distance
at which the dependence remains strong is 1.5 km from the stops. Longer distances do not seem attrac-
tive to residents and they no longer consider public transport as an option for making a trip and private
vehicles are most often chosen. It has also been found that with smaller distances between stops, the
speed of public transport decreases significantly and thus increases travel time for residents who al-
ready travel long distances, thus taking up a significant part of their daily journey, and at the same time
the correlation between 500 m and 300 m does not have a significant difference. Based on this, it is not
recommended to arrange stops more often than every 500 m in rural regions.
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Notations
Abbreviation:
GIS - geographic information system; PTA — Klaipéda public transport authority “Klaipédos ke-
POP — population living within the mentioned distance leivinis transportas”;
from the stop; SRA — simple regression analysis.
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Variables and functions:
n — sample size;
r — Pearson correlation coefficient;
x — independent variable;
y — dependent variable;
Bo — constant;
B, — coefficient to independent variable;
¢ — random error component.

1. Introduction

Many advanced countries pay great attention to the plan-
ning, modernisation, and development of the public trans-
port network. Properly developed public transport infra-
structure, a well-organized public transport route network
and mixed territorial development contribute to regional
development, strengthen the regional labour market and
help reduce social exclusion. Many countries invest heav-
ily in public transport to make it not only more environ-
mentally friendly, but also more comfortable, attractive,
fast, competitive, and readily accessible. To foster a sus-
tainable living environment, public transport must be de-
veloped consistently and remain equally accessible to all
population groups, regardless of gender, age, or place of
residence. Mobility issues in sparsely populated areas re-
ceive less attention from policymakers and territorial plan-
ners than in cities. The accessibility of public transport in
sparsely populated and difficult to reach rural areas is less
studied. An efficient public transport system contributes to
sustainable economic growth and healthy social develop-
ment of the region, which in turn ensures people’s safety,
considering the mobility of goods and services to meet
today's and future needs.

The need for public transport depends not only on the
distribution of places of work, education and leisure of
residents, on their transport mobility, but also on public
transport infrastructure and the supply of transport. The
European standard (EN 13816:2002) provides a system to
analyse the functional and technical quality of urban pub-
lic transport, in which accessibility is named as one of the
elements of public transport quality. Zivkovi¢ & Abramovi¢
(2025) argue that the most important thing is to ensure
sufficient connections and reduce travel time as much as
possible so that public transport can compete with individ-
ual transport. When planning public transport infrastruc-
ture in sparsely populated regions, one of the most im-
portant criteria is the distance between the stop and the
place of residence of residents. This indicator is directly
related to the accessibility of public transport, the mobil-
ity of residents and the efficiency of the transport system.
The transport planning literature emphasizes that physical
accessibility is an essential part of the quality of the pub-
lic transport system, as it determines the ability of resi-
dents to use transport services and choose them as an
alternative to individual transport (Murray et al. 1998; Tru-
den et al. 2022). Studies show that residents’ decisions to
use public transport often depend on how much time and
effort is needed to reach the stop (Tsioulianos et al. 2020).

Many transport planning studies have found that the op-
timal distance to a bus stop is usually around 300...400 m,
and as this distance increases, the likelihood that residents
will use public transport decreases (Kaszczyszyn, Sypion-
Dutkowska 2019). Therefore, when planning bus stop lo-
cations, it is necessary to ensure that the largest possible
proportion of the population can reach the stop on foot
in a relatively short time.

It is accepted that in European cities the average dis-
tances to public transport stops are less than 500 m. In
remote, sparsely populated areas, the distances are much
greater. Turkish researchers who studied public transport
in Istanbul noted that in the central part of the city, pub-
lic transport accessibility is on average, while in suburban
areas the average distance is more than 4.5 km, therefore
they concluded that when choosing the most appropriate
average distance to public transport stops, the character-
istics of the area under consideration should be taken into
account (Altan, Aydzen 2018). It is accepted that in regions
the distances that passengers cover when walking to a
stop are much greater than in cities, because a person is
ready to walk a longer distance, knowing that there can-
not be densely located public transport services in sparsely
populated areas. The importance of distance to a stop is
particularly evident in sparsely populated regions, where
residential density is lower and settlements are often more
widely spread out. In such areas, the public transport net-
work is usually less frequent, so even a small change in the
location of a stop can have a significant impact on resi-
dents' access to transport services. Research shows that as
the distance to a stop increases, the likelihood of using
public transport decreases, as residents are more likely to
choose alternative means of transport, such as a private
car (EI-Geneidy et al. 2014; Rajchal et al. 2024). This is par-
ticularly relevant in sparsely populated regions, where resi-
dents often live more widely and the public transport net-
work is less frequent. In such areas, even a small change
in the location of a stop can significantly affect residents’
ability to reach it. If a stop is too far from their place of
residence, residents may choose. However, the greater the
distance to a public transport service, the less motivation a
resident has to choose this service. This dependence, when
the spatial distribution of a trip is described using the so-
called trip complexity function, which describes the de-
creasing number of trips as the distance between regions
increases, was also examined by Pyzik et al (2018). This
function describes how the distance of a trip (often meas-
ured in travel time) affects the probability of its completion
(Michalski et al. 2015). When we talk about public trans-
port accessibility or the distance of stops from residential
areas, we are usually speaking about limits indicating the
maximum travel time that is considered acceptable. How
far residents are willing to walk for a public transport ser-
vice and when they lose interest in public transport be-
cause the distance to the service is too big and the only
alternative left is a private car (Silva et al. 2023).

When designing a regional public transport system,
balanced access to regional public transport stops is



envisaged. Michniak (2010) in his work defines the spa-
tial accessibility of regions as the ease of a public trans-
port system when travelling between areas of a region or
from another region. It is very important that all residents
are accessible and could use the public transport system.
Previous studies proves that accessibility determines the
demand for transport in villages and settlements. Acces-
sibility is a very important factor in social mobility, as it
promotes mobility and social inclusion (Rankovi¢ Plazini¢,
Jovi¢ 2018). Furthermore, the distance to the stop is close-
ly linked to aspects of social equity in the transport sys-
tem. Sparsely populated regions are home to various so-
cial groups, including the elderly, young people or those
who do not have access to their own car. For these groups,
public transport is often the main or only means of trans-
port. If stops are too far from their homes, mobility re-
strictions may arise, making it difficult to access jobs, ed-
ucation or healthcare (Currie 2010). Passengers in sparsely
populated areas, where the bus stop network is not well
developed, face the so-called “1st- and last-mile problem”
(Wang, Odoni 2016).

Bos (2017) defines the 1st- and last-mile as the dis-
tance from the place of residence to the nearest transport
hub, from which it is possible to travel in several direc-
tions. The accessibility of public transport becomes crucial
to maintain the share of public transport trips, since in
low-density areas most trips are made by private cars, and
the limited mobility of older people living there must also
be considered. Also, people with disabilities, older people,
adolescents, the poor and social care workers for older
people/people with disabilities suffer the most from the
consequences of transport-related social exclusion.

Based on the collected data, Rankovi¢ Plazini¢ & Jovié¢
(2018) found that the acceptable walking distance to a
bus stop in regions is up to 700 m, and by bicycle — from
700 m to 2.945 km. Meanwhile, Stentzel et al. (2016) de-
fined the maximum distance to public transport stops
as 1000 m, and in the case of transfers, the distance be-
tween bus stops is 250 m. Longer distances to bus stops
are more acceptable for people living in more remote rural
areas than for those living in more accessible rural areas
(Rankovi¢ Plazini¢, Jovi¢ 2018).

The South Moravian region of the Czechia adopted a
distance standard that the nearest stop should be with-
in 2 km of each residence in the region (Stastnd, Vaishar
2017). The results of the study by Trembosova et al. (2020)
showed that there is a certain threshold in terms of travel
distance, time and number of transfers, which leads to the
choice of travelling by private car. The distance between
public transport stops varies in different areas: 300...500 m
dominates in the city, while in the countryside it takes
much longer to reach the stops (Sun et al. 2018).

Akbari et al. (2018) define accessibility to a region-
al public transport stop as 800 m. Many studies use this
walking distance, but other studies show that many pas-
sengers are willing to walk much further for health rea-
sons (Hansson et al. 2019). For example, 90% of Amster-
dam (Netherlands) residents who travel on regional public
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transport buses walk distances of 1.2...1.5 km (Brand et al.
2017). In the Australian suburb of Perth, journeys to stops
are even longer, with many passengers walking as much as
2...3 km to public transport stops (Ker, Ginn 2003).

Bruzzone et al. (2020) examined the difference in at-
titudes towards bus use between urban and suburban ar-
eas. Respondents living in suburban areas said that they
would like to use their cars less and switch to bus ser-
vices — but do not do so due to the shortcomings of the
public transport system. They highlighted that they had to
walk more than 1 km to reach the nearest bus stop and
complained about too long waiting times at the bus stops.
Hansson et al. (2021) also indicated that 1 km is the limit
to walk to a bus stop.

The opposite result was shown by a study by Bos
(2017) in rural areas of the Netherlands. It turns out that
people living further from the nearest bus stop use public
transport more often. Of the respondents in the area stud-
ied who lived more than 3 km from the nearest bus stop,
46% used public transport daily, compared to only 32%
of those who lived less than 500 m from the nearest bus
stop. According to other Netherland's travel survey data,
distances to all activity locations are longer in rural areas,
and journeys by car and public transport are significantly
longer compared to urban areas. Interestingly, rural resi-
dents who choose to cycle or walk tend to travel short-
er distances than their urban counterparts who use active
transport (Pot, Piesch 2024).

The scientific literature also emphasizes that the as-
sessment of public transport accessibility must be based
on spatial analysis methods. The application of GISs al-
lows for the assessment of real pedestrian routes, popula-
tion distribution/density and stop accessibility zones. Such
analysis allows for the identification of territories where
public transport accessibility is inefficient and for making
informed decisions regarding the installation of new stops
or the adjustment of the location of existing stops (Eka-
nayake et al. 2019; Talpur et al. 2024). In addition, stud-
ies show that modelling public transport accessibility al-
lows for the optimization of the transport network in such
a way as to achieve a balance between system efficiency
and population accessibility (Murray et al. 1998). Modern
studies emphasize the importance of using GISs in analys-
ing the distance to public transport stops.

In summary, it can be stated that the analysis of the
distance between a public transport stop and a place of
residence is one of the most important factors in plan-
ning transport infrastructure in sparsely populated re-
gions. Research shows that properly selected stop loca-
tions can improve transport accessibility, encourage pub-
lic transport use and reduce spatial mobility inequalities.
Therefore, the transport planning process must rely on
population distribution, pedestrian accessibility and spa-
tial analysis methods to create an efficient and socially
sustainable transport system. In addition, all these stud-
ies only show that there is still an ongoing debate world-
wide about the maximum acceptable distance to a public
transport stop for residents of sparsely populated areas,
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beyond which they are no longer willing or able to use
public transport services.

The aim of this study, based on data from one Lithu-
anian region (Klaipéda district municipality), is to identify
statistically significant distance thresholds that influence
public transport use by integrating GIS-based spatial pop-
ulation data with passenger demand analysis, thereby cre-
ating a data-driven basis for optimizing public transport
stop locations in sparsely populated regions.

The article has 4 main sections:
the Section 1 of which analysed the experience of coun-
tries in analysing the existing and necessary distances to
public transport stops from the place of residence;
the Section 2 describes the methodology of the con-
ducted research;
the Section 3 presents the results of the dependence
between the average number of passengers boarding a
group of stations on a weekday and the number of resi-
dents living within difference distances;
the Section 4 presents conclusions and discussions on
what else makes the path for public transport service in
the regions and at what distance it is recommended to
install stops from residential areas so that public trans-
port is still considered an alternative to a passenger car.

2. Methodology

Public transport accessibility analysis often uses math-
ematical functions that describe how the probability of
using a service decreases with increasing distance. Such
functions are called “distance decay” functions and they
allow for a quantitative assessment of the accessibility of
stops and modelling the distribution of potential passen-
gers in an area. In transport planning and GISs studies, ex-
ponential or gravity functions are most often used (Mur-
ray et al. 1998; El-Geneidy et al. 2014). These functions
show that the number of passengers decreases exponen-
tially with increasing distance from a stop. This means that
residents living closest to a stop have the highest prob-
ability of using it, while this probability decreases rap-
idly with distance from the stop. Such models are often
used to analyse the distribution of passengers and deter-
mine the service area of a stop (El-Geneidy et al. 2014).
The "distance decay” effect is particularly important when
planning public transport infrastructure in sparsely popu-
lated regions. In such areas, residents often live at greater
distances from each other, so even a small change in the
location of a stop can significantly change the level of ac-
cessibility for residents. Studies show that as the distance
to the stop increases, not only the probability of using
public transport decreases, but also the overall efficiency
of the transport system, as the number of potential pas-
sengers decreases (Currie 2010). Therefore, when planning
stop'’s locations, it is important to analyse the relationship
between distance and stop usage in order to determine
the optimal range of accessibility and the maximum dis-

tance that residents are still willing to cover on foot. The
novelty of this study lies in its integrated and data-driv-
en approach to determine optimal accessibility of public
transport stops in low-density regions, combining spa-
tial analysis with empirical passenger demand data. Unlike
many previous studies that rely on generalized or norma-
tive accessibility thresholds (e.g., fixed distances such as
400...500 m in urban areas or up to 2...3 km in rural are-
as), this study empirically determines distance thresholds
based on actual passenger flow data and population dis-
tribution. By analysing real boarding data (automatically
collected every day) from a ticketing system together with
spatial population data, the study goes beyond theoreti-
cal assumptions and provides context-specific, evidence-
based accessibility distances. This is particularly important
in sparsely populated regions, where standard thresholds
may not reflect real travel behaviour. The study introduc-
es a methodological innovation by integrating GIS-based
spatial analysis and statistical modelling. Using GIS tools
(ArcGIS Pro, https://pro.arcgis.com/en/pro-app/3.5/get-
started/get-started.htm), it is possible to accurately cal-
culate the population distribution over several distance
bands (from 500 m to 5 km), and statistical methods (cor-
relation and regression analysis) are applied to quantify
the relationship between population proximity and stop
usage. This combined approach allows the identification
of statistically significant distance ranges that directly af-
fect passenger demand, which are often not considered
in traditional transport planning studies.

2.1. The area selected for the study

The planned study requires a reliable and consistently
collected database. It is already common in cities / in-
tergraded metropolises to collect and analyse such data,
but the data on rural areas required for our study was
collected only in the regional Klaipéda district municipal-
ity (Lithuania).

Klaipéda district municipality is an administrative-
territorial unit in western Lithuania. It is a ring munici-
pality that surrounds the 3rd largest city in Lithuania —
Klaipéda (e.g., Figure 1). The area of Klaipéda district is
1319 km?, the population according to 2025 data is 69256
(2020 data — 55807), population density of 50.08 inhab-
itants/km?. Public transport in Klaipéda district is organ-
ised by the PTA and includes 10 internal bus lines (100%
of service within Klaipéda district boundaries), 22 bus lines
connecting with regional center — Klaipéda city, and 3 re-
gional bus lines (connecting at least 3 regional municipali-
ties, including Klaipéda district municipality), total number
391 stops with total 1.9 million trips (boardings) in 2025.
The passenger is provided with a real-time planning sys-
tem tool that shows the actual arrival of buses, thus pro-
viding the opportunity to be assured that the bus will ar-
rive and when it is appropriate to arrive at the stop, with-
out wasting time waiting.
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Figure 1. Location of the investigated region municipality
(compiled by the authors). The background source used to
create the figure is the World Topo Map from ESRI (https://
www.arcgis.com/home/item.html?id=30e5fe3149c34df1ba922
e6f5bbf808f)

2.2. Research methodology

The entire study is divided into 4 steps. Steps 1-3 are spa-

tial data processing and collection, which was performed

using the ArcGIS Pro software (https://www.esri.com/en-

us/arcgis/products/arcgis-pro/overview), and Step 4 is data

analysis, which was performed using the MATLAB software

(https://se.mathworks.com/products/matlab.html). Steps of

the research methodology:

= Step 1: identification and aggregation of clusters of stops;

= Step 2: acquisition of demand-related data for stops and
determination of statistically significant distance thresh-
olds from stops;

= Step 3: computation of population distributions across
specified distance bands;

= Step 4: analysis of the relationship between passenger
flows and the spatial distribution of the population.

The steps of the research methodology are shown in
Figure 2.

Step 1. Identification and aggregation of clusters of
stops. The initial dataset for the Klaipéda district com-
prised 391 public transport stops. However, an individ-
ual analysis of each stop would be methodologically in-
appropriate, as 2 and in some cases up to 4 stops of-
ten serve the same catchment area while accommodating
trips in different directions. In most instances, such stop
pairs share the same name and are positioned on opposite
sides of the roadway, thereby serving routes in opposing
directions. Consequently, these stops effectively serve the
same population, differing only in travel direction or pur-

Step 1 Step 2

&)
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pose. For analytical purposes, it is therefore reasonable to
aggregate such stops into a single unit by summing the
trips they generate (e.g., Figure 2, Step 1). Following this
procedure of identification and aggregation, the resulting
analytical sample consisted of 212 stops.

Step 2. Acquisition of demand-related data for stops and
determination of statistically significant distance thresholds
from stops. The database of analysed indicators consists of
2 types of data, namely geographical data of stops and their
demand, which were obtained from PTA. Stop demand was
recorded for 2 weeks from 13 October 2025, to 24 October
2025 (week 42 and 43), taking to account number of trips
(boarding's) at each stop per 1 working day (e.g., Figure 3).
The analysed period was chosen with the aim of captur-
ing the peak of daily travel, when the maximum part of the
population has to travel to and from work every working
day. The summer and winter seasons were excluded for this
period. The summer season was excluded due to holidays,
winter, because sometimes the harsh climate of the coun-
try forces residents to use possible transportation methods
or work from home. 2 weeks were taken to cover a larger
range of regular trips, and a period was chosen that is not
affected by the aforementioned days, holidays or prepara-
tions for them. Weeks 37 and 46 were analysed for com-
parison, both the number of trips in hourly intervals and the
total did not differ (the total week number is 19 thousand,
the difference from the average between individual inter-
vals is —1.39% / +1.36%). No event or influence of public or
school holiday periods was recorded on these days, which
could distort the data. From these days' stop demand (de-
termined departure trips), an average of one working day
was derived, which was taken as the basis for stop demand.
Public transport operating hours are from 5 a.m. to 11 p.m.
The dynamics of trips for both weeks studied correspond
to a typical working day pattern (Figure 3). Data collected
from account-based ticketing system, validations all types
of information carries — travel cards (1...30 days' tickets),
travel cards (e wallet money used for single trips), contact-
less bank cards.

As evidenced by the literature review, different coun-
tries, and even subnational regions within them, apply
varying service catchment areas (i.e., radius from public
transport stops) that are deemed sufficient to meet the
demand for public transport services. Reported service
distances range from approximately 500 m to as much
as 4...5 km, depending on local conditions. In Lithuania,

Step 3 Step 4

SRA

Figure 2. The steps of the research methodology (compiled by the authors).
The background source used to create the figure is the World Topo Map from ESRI
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Figure 3. Daily trips (boardings) by hour on weeks 42 and 43, 2025 (validations of e-tickets —

data provided by PTA)

until now, the accessibility threshold for public transport
in sparsely populated regions and low-density areas has
typically been defined as a distance of 2 km, and in some
cases up to 3 km. Consequently, for the purposes of this
study, analytical distances between 500 m and 5 km were
selected, with measurements recorded at 500 m intervals.

Step 3. Computation of population distributions across
specified distance bands. Detailed population data are not
collected frequently in many regions. The most accurate
population data for Lithuania were obtained during the
2021 general population census, whose detailed data on
the Lithuanian population at the census-tract (quarter)
level are publicly accessible via an online GIS platform.
Consequently, these data were employed to estimate the
population located within the specified distance from each
stop (e.g., Figure 2, Step 3).

Step 4. Analysis of the relationship between passenger
flows and the spatial distribution of the population. Sim-
ple variable analysis is performed between each distance
variables to calculate correlations between pairs (passen-
ger flows and population amount in various distances) of
variables. In this research have been calculated a Pearson
correlation coefficient (r), which shows the strength of the
correlation between 2 variables (Polhemus 2005; Heu-
mann et al. 2016):

n

Z(Xi—7)~(yi—)7)
r= i=] : (M

n n

Z(Xi*?>2'2(yi*7)z

i=1 i=1

The closer the correlation coefficient is to +1 or -1, the
more it indicates a positive (+1) or negative (1) correla-
tion between the variables. A positive correlation means
that as the values of one variable increase, the values of
the other variable also increase. A correlation coefficient
closer to 0 indicates that there is no or weak correlation.
An ideal positive correlation is +1. An ideal negative cor-
relation is —1.

The correlation strength of the correlation coefficient
is interpreted based on the following ranges (Her, Wong
2020):

= ‘r‘ < 0.40 — weak correlation;
= 04< ‘r‘ < 0.69 — moderate correlations;
n ‘r‘ >0.70 - strong correlation.

SRA is performed with statistically significant indicators
(p-value < 0.05). The statistical significance of the Pearson co-
efficient is assessed by a significance test, but it is important
to recognize that the p-value obtained in the significance test
does not provide any information about the strength of the
correlation between the 2 variables (Her, Wong 2020). In fact,
since a sufficiently large sample was studied (212 pairs), the
statistical test was found to be significant.

The linear relationship is determined between the de-
pendent variable (y;, v, ¥3 y4) and the statistically sig-
nificant indicator. Expression of a SRA model (Menden-
hall et al. 2016):

y =By +By-x+e. 2)

Using this methodology, it is possible to determine
the threshold distance beyond which the number of pas-
sengers decreases significantly and apply this information
when planning public transport infrastructure. In this way,
it is possible to optimize the location of stops, increase the
accessibility of the transport system and ensure a more ef-
ficient operation of the public transport network.

3. Results

During the analysis of the compiled database, it was ob-
served that 2 records exert a distorting influence on the
dataset. These records correspond to stops that function
as the primary transfer hubs within the study area. These
transfer hubs include a stop located at the bus station
and a stop functioning as a main transfer point between



regional and city routes. Therefore, the number of board-
ings at these stops cannot be fully related to the size of
the surrounding population, as it is influenced by passen-
gers arriving at this stop by other public transport routes.
Consequently, the passenger demand observed at these
locations cannot be meaningfully associated with the resi-
dential population in their surrounding catchment areas.
To ensure the validity and reliability of the results, these
stops were excluded from further analysis. Following this
adjustment, the study was conducted on a database com-
prising 210 stop groups (Appendix).

In low-density territories (suburban and rural areas),
residents’ use of public transport is influenced by the dis-
tance to the nearest stop, but this distance-usage relation-
ship is substantially more sensitive and structurally com-
plex than in high-density urban environments. The pair-
wise correlation between (i) the average weekday number
of boardings at groups of stops and (ii) the number of res-
idents living within a 500 m radius of these stops demon-
strates a strong statistical correlation (r:0.67)(TabIe 1).
This finding suggests that stops accessible within approxi-
mately 5...7 min of walking are perceived as attractive by
residents and are frequently used as the primary access
points to the public transport system for everyday trips.
The paired t-test shows a statistically significant difference
between the variables (t =-818, p< 0.001), as the cal-
culated t-statistics exceeds the critical value ‘t‘ >1.97)
and the p-value is far below the 0.05 significance level.
This confirms that the observed relationship is not due to
random variation. These findings indicate that the 500 m
distance represents a primary catchment area, where pop-
ulation density has a strong influence on stop usage.

The pairwise correlation coefficient between the aver-
age weekday boarding volume at groups of stops and the
number of residents living within 1 km of these stops ap-
proaches the threshold typically interpreted as strong de-
pendence (Table 2). For the 1 km distance band, the cor-
relation weakens, comparing with the 500 m distance, to
r =0.579, indicating a moderate positive relationship. This
indicates that in areas with lower levels of public transport
provision, residents are willing to walk longer distances
to access public transport compared with those in urban
areas characterized by higher service levels. Consequent-
ly, a public transport facility located approximately 1 km
from a place of residence can still generate substantial de-
mand and thus constitutes a significant competitor to pri-
vate passenger cars. Although still statistically significant
(t =-784, p< 0.001), the decrease in correlation strength
suggests that population located further from the stop has
a reduced influence on passenger flows. This result reflects
the distance decay effect, where the likelihood of using
public transport decreases as the distance to the stop in-
creases. The 1 km zone can therefore be interpreted as an
extended catchment area, contributing to demand but less
intensively than the immediate vicinity.

A statistically significant correlation persists between
the mean weekday boarding volumes at groups of stops
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and the number of residents living within a 1.5 km radi-
us of those stops (Table 3). At this distance, the strength
of the correlation is reduced compared to shorter radius
(r = 0.44), but remains meaningful, suggesting that pub-
lic transport stops retain a degree of spatial attractiveness
up to approximately 1.5 km, particularly in non-urban or
regional areas. Despite remaining statistically significant
(t:—8.87, p<0.001), the lower correlation coefficient
suggests that the population within this distance contrib-
utes less consistently to passenger flows. Residents in such
regions appear willing to walk up to 1.5 km to access pub-
lic transport services. Beyond this threshold, the relation-
ship between boarding activity and residential population
density diminishes and effectively disappears, with the ob-
served variation in boarding’'s becoming largely random
rather than systematically associated with population with-
in greater distances.

Based on the conducted analysis, it cannot be con-
cluded that residents living more than 1.6 km from a pub-
lic transport stop perceive public transport as a viable al-
ternative for their regular trips (e.g., Figure 4). Individuals
in these areas are more likely to use public transport only
when strictly necessary and in the absence of other fea-
sible options.

Consequently, the provision of public transport servic-
es to regions where stops are located at distances greater
than 1.6 km from places of residence primarily constitutes
a social service that ensures the basic possibility of mak-
ing a trip. Under such service conditions, it is unrealistic to
expect a significant modal shift towards more environmen-
tally sustainable transport modes, to stimulate substantial
regional economic growth, or to meaningfully reduce spa-
tial disparities between urban and rural areas.

Table 1. Correlation analysis between passengers’ average
on working day and population (POP) in 500 m distance
from stop

0.675418517
-8.175314752
1.41001-10-14

Pearson correlation
t-statistic

p-value

Table 2. Correlation analysis between passengers’ average
on working day and population (POP) in 1 km distance
from stop

Pearson correlation 0.579140549
t-statistic —7.839635478
p-value 1.13729-10713

Table 3. Correlation analysis between passengers’ average
on working day and population (POP) in 1.5 km distance
from stop

Pearson correlation 0.443688476
t-statistic -8.869464521
p-value 1.65109-10716
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Figure 4. Variation of Pearson correlation coefficients depending on distance when calculating population size

4. Discussion and conclusions

Transport planning studies emphasize that in order to ef-
fectively plan public transport infrastructure, it is impor-
tant to determine the maximum distance that residents
are willing to walk to a stop. In low-density regions, such
as suburban and rural areas, the distance to the nearest
public transport stop exerts an even stronger influence on
public transport usage than in urban environments. This
is attributable to a higher degree of car dependency and
less frequent public transport services. Individuals who can
be classified as regular public transport users are more in-
clined to regard public transport as a viable alternative to
private car use. Nevertheless, these user groups generally
evaluate the accessibility of public transport more nega-
tively, as evidenced by Dutch research (Pot et al. 2025).
This maximum distance is usually determined by analys-
ing the relationship between the intensity of use of stops
and the distance of residents from the stop. Studies show
that the number of passengers decreases unevenly with
increasing distance from the stop — a clear dependence is
usually observed, when after a certain distance the use of
public transport decreases significantly (EI-Geneidy et al.
2014). Analysis of such a dependence allows us to deter-
mine a threshold distance value that can be used when
planning stop locations. This value defines the maximum
distance that most residents still consider acceptable, so
stops are planned in such a way that as many residents as
possible fall within this accessibility zone. Scientific stud-
ies emphasize that such accessibility models help optimize
the transport network and avoid situations where stops
are too far from potential passengers (Murray et al. 1998).

The quality of the infrastructure between the place of
residence and the public transport stop, as well as the ser-
vice frequency, also exerts a significant influence. Because
infrastructure (e.g., sidewalks, street lighting) is often of
lower quality in low-density areas, pedestrians can be ex-
pected to exhibit a lower distance tolerance than in high-
density urban centres. Consequently, the distance to the
stop constitutes an even more critical factor in sparsely

populated regions than in cities, where both service fre-
quency and infrastructure tend to be more favourable. At
the same time, residents in rural or peripheral regions gen-
erally exhibit lower expectations regarding public transport
services than urban residents and therefore are more in-
clined to accept longer walking distances to reach a stop.
In regions with low population density, it is not always
possible to install many stops for economic and operation-
al reasons. Therefore, it is necessary to determine a dis-
tance that would allow maintaining a balance between the
efficiency of the transport system and the accessibility of
residents. Research shows that accessibility analysis allows
identifying optimal stop locations that maximize residen-
tial coverage without increasing travel time due to too fre-
quent stops (Currie 2010). A simple increase in the number
of stops does not necessarily resolve the problem; it may
reduce commercial speed, raise operating costs and will
extend travel time. Consequently, it is crucial to identify
the optimal distance between stops and residential areas
that preserves the competitiveness and attractiveness of
public transport services. The study demonstrated that the
strongest relationship between public transport demand
and population is observed within a catchment radius of
500 m to 1 km. Accordingly, it is recommended that the
number of residents within this distance be explicitly con-
sidered when determining the spatial allocation of public
transport stops.

Having found that the highest correlation coefficient
occurs at the smallest distance previously analysed, the
question arose whether an even higher correlation could
be obtained by further reducing this distance. Therefore,
an additional distance threshold of 300 m was included in
the analysis. The correlation between the demand for pub-
lic transport stops and the number of residents living with-
in a 300 m radius of the stops turned out to be statisti-
cally insignificant, with a Pearson correlation coefficient of
0.126. This result suggests that, in low-density areas — even
in places characterised by relatively higher population or
traffic density — it may not be advisable to locate public
transport stops at distances smaller than 500 m.



Rather than assuming a linear relationship between
passenger flow and population distribution, this study
empirically assesses demand across incremental distance
bands. We identify 1.5 km as a critical threshold, be-
yond which demand significantly declines. These finding
grounds the “distance decay” concept in real-world tran-
sit planning, particularly for low-density areas where stop
placement must balance accessibility with operational ef-
ficiency. These results can inform decision support systems
to optimize stop locations; where traditional spacing is un-
feasible, demand-responsive services or micromobility so-
lutions should be considered to bridge the 1st- and last-
mile gap. Future research should expand the explanatory

Appendix

Table A. Collected database for the research
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variables to include access infrastructure quality and ser-
vice frequency. Applying a multinomial regression model
would then quantify the impact of these indicators on de-
mand, allowing for more precise inferences regarding how
distance influences mode and route choice.

Declaration on the use of
Artificial Intelligence (Al)

During the preparation of this manuscript, the authors did
not use generative Al or Al-assisted technologies.

The authors take full responsibility for the content of
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No Stop name Passenger « POP

flow average” | 300 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 5000
1 ErmitaZas; Promo 32 2 38 186 | 930 | 2508 | 5383 | 14314 | 30109 |52179| 80505 | 117217
2 Géliy 4.6 56 127 | 285 | 401 476 543 883 1365 | 1452 | 1527 1636
3 Lelijy 8.4 59 128 | 257 | 406 | 483 538 | 787 1137 | 1452 | 1570 1714
4 Sniegeny 17.8 55 100 | 255 | 418 | 468 508 576 690 1065 | 1573 1720
5 Liny 3.9 50 79 267 | 408 | 469 529 784 1200 | 1470 | 1549 1577
6 Plikiy 11.0 122 | 226 | 454 | 552 | 611 697 | 740 880 1160 | 1414 1754
7 Radailiy 47.0 67 77 208 388 | 695 | 918 | 1567 | 2204 | 3515 | 5793 8599
8 Simky 0.3 18 34 52 75 229 379 | 487 884 1679 | 2757 3598
9 Ginduliy 37.2 126 | 430 | 1919 | 3374 | 5089 | 6611 | 10332 | 18214 |29471| 50007 | 65702
10 | Slengiy 135 239 526 | 1845 | 3114 | 5008 | 6980 | 9295 | 11257 | 15707 | 21929 | 33545
11 | Trudeliy 29.6 194 | 487 | 868 | 1326 | 2699 | 4003 | 5474 | 7347 | 8685 | 10513 | 13274
12 | Baukstininky 1.8 27 36 125 241 497 | 867 | 1412 | 1958 | 3179 | 4709 6746
13 | Zemgrindziy 1.1 36 72 112 164 | 349 624 | 911 1153 | 1856 | 2661 3420
14 | Mokyklos 17.8 86 203 | 489 555 595 641 760 877 1083 | 1300 1553
15 | Vytauciy 0.0 27 31 235 | 463 563 674 | 715 844 944 1355 1774
16 | Pageidavimy 0.2 4 9 80 144 198 | 422 706 967 1165 | 1359 1783
17 | Zvaigzdziy 42 59 68 80 88 153 277 | 619 937 1155 | 1427 1696
18 | Pakrantés 17.2 264 580 | 1702 | 3325 | 5358 | 8143 | 11022 | 16320 | 21191 | 31733 | 43983
19 | Mazariskiy 10.6 142 | 481 | 1688 | 3088 | 4934 | 7470 | 10855 | 12747 |17640 | 24241 | 28157
20 | Lenkvieciy 5.6 81 181 | 1139 | 2180 | 3371 | 5405 | 8039 | 11194 | 13615| 17162 | 23403
21 | Berzyno 20.1 50 121 322 | 627 | 1109 | 1860 | 2695 | 4410 | 6576 | 9400 13288
22 | Zibinty 176.4 81 239 521 848 | 1028 | 1182 | 1412 | 1644 | 2153 | 2479 2846
23 | Eketés 26.5 33 73 139 | 227 506 | 819 | 1040 | 1310 | 2051 | 4666 6892
24 | Ketvergiy 335 108 | 228 531 662 | 774 | 884 | 1265 | 1785 | 2339 | 2865 3275
25 | Serny 9.3 25 43 257 | 637 | 1161 | 1524 | 1860 | 2048 | 2199 | 2523 3051
26 | Roky 16.3 56 158 504 | 970 | 1396 | 1718 | 1899 | 2057 | 2396 | 2720 2935
27 | Zvejy 124 152 | 319 | 667 | 1016 | 1243 | 1576 | 1849 | 2129 | 2401 2601 2889
28 | Pastotés 17.8 159 | 351 869 | 991 | 1107 | 1394 | 1767 | 2187 | 2424 | 2520 2811
29 | Pastogés 48 130 | 362 | 754 | 970 | 1231 | 1549 | 1830 | 2047 | 2373 | 2535 2812
30 |Lakstingaly 7.6 121 369 | 850 | 940 | 1065 | 1293 | 1581 1922 | 2349 | 2495 2627
31 | Boksty 17 164 | 370 | 820 | 951 | 1051 | 1259 | 1556 | 1978 | 2349 | 2498 2674
32 | Gandry 1.6 133 364 | 865 946 | 1119 | 1406 | 1737 | 1990 | 2372 | 2499 2659
33 | Sudmantai 19 128 159 531 931 | 1484 | 3216 | 12718 | 28966 | 60754 | 94317 | 125244
34 | Baltojo akmens 5.9 187 | 335 693 945 | 1039 | 1215 | 1488 | 1862 | 2258 | 2502 2728
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Continue of Table A

No Stop name Passenger « PoP

flow average” | 300 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 5000
35 | Stonés 74 8 69 342 | 1230 | 2329 | 3477 | 5473 | 8215 |[11925| 13919 | 17502
36 |Jaky 134 203 | 439 | 1036 | 1310 | 1449 | 2599 | 14840 | 39664 | 71553 | 106996 | 119462
37 | Dujy stoties 0.8 57 451 676 | 1078 | 1561 | 2083 | 2581 3379 | 14296 | 33801
38 | Aiseés 0.1 26 52 73 338 | 472 516 566 591 658 841
39 | Lieknos 0.0 28 254 | 326 354 | 412 569 722 834 880 1013
40 | Kiskény 0.2 11 56 77 301 460 | 781 | 1115 | 1535 | 2387 | 3946 5823
41 | Galciy 0.2 12 16 53 128 306 | 975 | 1689 | 1992 | 2818 | 4775 8382
42 | Dovily 8.5 377 | 687 | 1033 | 1240 | 1723 | 2305 | 2920 | 3859 | 8616 | 13395 | 16249
43 |Jurjony 0.5 25 53 155 223 238 | 281 343 888 1414 | 2440 3523
44 | Laisveés 04 33 89 193 221 242 301 667 1151 2444 | 3809 5142
45 | Snauksty karjery 13 6 15 98 204 | 376 676 | 1342 | 2324 | 3267 | 4398 6346
46 | Agluonos 36 64 99 198 | 217 | 244 | 325 | 769 1441 2706 | 4168 5519
47 | Berzy 0.0 38 47 72 83 132 379 509 538 578 613 765
48 | Valdybos 6.4 17 29 73 76 80 114 | 394 513 546 619 796
49 | Azuolyno 10.3 161 297 503 901 | 1333 | 1841 | 2303 | 2854 |15292| 36050 | 59286
50 | Lankiskés 12 45 210 | 775 | 1078 | 1261 | 1829 | 2316 | 3076 | 5013 | 10365 | 14966
51 | Medsédziy 33 5 13 39 116 | 217 | 461 657 727 904 1181 1595
52 | Kisiniy 32 30 65 97 207 | 619 | 1167 | 1675 | 1920 | 2242 | 2479 3248
53 | Studiy 17 2 10 24 54 217 392 618 1381 2104 | 3170 4413
54 | Baiciy 15 18 123 270 | 798 | 1281 | 1859 | 2411 3052 | 3886 | 5927 11230
55 | Zyliy 5.5 139 | 375 867 | 956 | 1063 | 1291 | 1570 | 2042 | 2381 2498 2684
56 | Kalviy 18.2 124 | 340 | 630 | 709 | 831 | 1149 | 1657 | 2047 | 2408 | 2599 2973
57 | Kisiniai 2.0 11 40 87 308 | 814 | 1238 | 1699 | 1950 | 2156 | 2442 3018
58 | Grobstai 03 15 27 68 100 142 224 | 458 1271 1754 | 2040 2333
59 | Poskai 0.0 12 25 117 | 449 | 652 | 740 | 813 925 1038 | 1251 1619
60 | Agluonénai 5.5 69 329 559 | 616 | 670 | 738 | 828 937 1052 | 1145 1500
61 | Dumpiai 9.7 3 22 228 | 411 479 | 890 1471 3580 | 14585 | 24333
62 | Spengiai 44 15 34 195 339 525 | 974 2242 | 3250 | 4217 5001
63 | Mickai 5.6 47 68 102 133 255 | 784 | 1619 | 2906 | 4471 5454 6047
64 | Dituva 233 54 171 222 | 306 | 1008 | 2270 | 3719 | 4278 | 4885 | 5655 6710
65 | Dercekliai 0.9 30 97 447 | 1058 | 2192 | 3172 | 3894 | 4620 | 5474 | 5971 6588
66 | Gubojy 12.1 67 148 559 | 1256 | 2557 | 3435 | 3948 | 4546 | 5404 | 5882 6409
67 | Dituvos darzelio 24.2 100 | 298 | 995 | 2038 | 2873 | 3530 | 3933 | 4474 | 5443 | 5842 6100
68 | Gintaro 74 125 325 | 1036 | 1755 | 2372 | 3219 | 4064 | 5140 | 5661 5978 6229
69 | Karvaiciy 19.1 149 | 354 | 1070 | 1685 | 2352 | 3014 | 3936 | 5124 | 5687 | 5940 6208
70 | Zemuogiy 25.0 115 337 | 910 | 1568 | 2332 | 2994 | 3697 | 4828 | 5528 | 5872 6087
71 | Pervalkos gatvé 21.1 198 | 458 | 1473 | 2216 | 2880 | 3435 | 3711 3885 | 4037 | 4419 5046
72 | Nidos gatve 20.3 132 | 353 | 1185 | 2254 | 2929 | 3344 | 3700 | 4140 | 4632 | 5530 5963
73 | Preilos gatve 14.1 142 | 424 | 1383 | 2269 | 3109 | 3438 | 3776 | 3915 | 4269 | 4779 5635
74 | Pieniy 22.5 180 | 438 | 1360 | 2136 | 2570 | 3092 | 3606 | 3884 | 3987 | 4182 4750
75 | Dituvos bibliotekos 194 115 341 | 1100 | 1690 | 2171 | 2553 | 3242 | 3750 | 4047 | 4346 4537
76 | Alywy st. 0.7 30 85 322 | 449 | 468 | 494 579 862 1438 | 1561 1608
77 | Tolupis 121 41 118 | 240 | 297 | 419 | 823 | 1597 | 2237 | 2975 | 3845 4884
78 | Dituvos turgaus 319 66 289 | 989 | 2140 | 3029 | 3607 | 3952 | 4347 | 5216 | 5737 6074
79 | Zaiby 0.1 89 209 | 1024 | 2231 | 3319 | 3806 | 3884 | 4118 | 4457 | 5182 5845
80 | Pavasario 0.5 97 297 | 1042 | 2194 | 3154 | 3699 | 3927 | 4032 | 4213 | 4627 5536
81 |Laivy 2.2 130 | 312 | 1020 | 1779 | 2377 | 3098 | 3587 | 3963 | 4202 | 4528 4735
82 |Karpiy 0.5 138 | 286 | 915 | 1457 | 1969 | 2634 | 3202 | 3751 | 4252 | 4443 4601
83 |lewy 10.6 127 | 345 872 | 1384 | 1884 | 2422 | 3045 | 3612 | 4193 | 4388 4513
84 | Vaiteliai 1.0 28 53 144 | 238 | 419 527 588 634 793 1157 1717
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Continue of Table A

No Stop name Passenger « PoP

flow average” | 300 | 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 5000
85 | Kvietiniy sankryza 17 3 7 41 107 | 399 | 576 | 1070 | 1777 | 3048 | 5124 | 11266
86 | Gribziniai 0.0 6 9 42 75 97 155 | 354 786 1222 | 1458 1723
87 | Saulazoliy 2-0ji 0.1 6 17 174 | 596 | 1429 | 3367 | 6298 | 12889 | 14896 | 16042 | 17184
88 | Eglynai 24 13 25 69 171 230 | 345 | 549 709 1164 | 1515 2045
89 | Smilgynai 9.4 50 95 153 194 | 237 | 262 | 405 590 1083 | 1401 1744
90 |Didieji Leliai 4.8 67 123 | 204 | 273 | 897 | 1417 | 1909 | 3415 | 5568 | 7197 9112
91 | 2-ieji Leliai 1.1 0 3 94 620 | 1427 | 2921 | 4668 | 5982 | 7692 | 10170 | 11870
92 | 1-ieji Leliai 4.8 30 124 | 312 | 963 | 1989 | 3400 | 5634 | 7517 | 9065 | 14377 | 26742
93 | Gulbés sodai 8.7 65 135 | 343 | 1135 | 2212 | 3575 | 6140 | 7431 | 10541 | 19674 | 39280
94 | 1-0ji Klemiske 43 173 | 372 | 1011 | 2189 | 3614 | 5176 | 6747 | 10598 | 18436 | 41485 | 69169
95 | Ziedy 6.4 354 | 825 | 1611 | 3180 | 4836 | 5687 | 7862 | 13155 | 25589 | 50019 | 70686
96 | Gumbinés 0.0 12 17 100 181 371 542 | 758 1391 | 2191 3332 5246
97 | Aitvary 84 265 | 649 | 1895 | 3291 | 4981 | 6277 | 9023 | 16757 |28911| 49156 | 67161
98 |Jazminy 14.8 337 | 670 | 1267 | 2339 | 4390 | 5369 | 7178 | 11542 |22711| 48841 | 71560
99 | Urbikiy 22 3 25 149 | 248 | 437 | 740 | 846 1162 | 2129 | 3143 5489
100 | Gastos 34 19 24 131 617 | 2004 | 3717 | 4941 6823 | 9326 | 10998 | 14011
101 | Veivirzénai 29.2 156 | 327 | 694 | 774 | 793 | 873 | 920 963 1022 | 1226 1578
102 | Bobés 1.0 8 21 31 54 101 287 | 828 1186 | 1286 | 1328 1521
103 | Pézaiciai 2.0 83 138 | 309 | 352 | 377 | 406 | 419 452 475 641 853
104 | Aisénai 0.1 0 0 0 12 51 75 232 418 489 540 589
105 | Juodupis 1.1 0 2 22 32 39 79 321 783 1062 | 1248 1443
106 | Santaros 0.0 20 49 163 | 331 397 | 416 | 438 465 592 733 1198
107 | Spengiy sodai 13.8 61 77 160 307 329 344 | 462 792 1142 | 4591 16863
108 |Ulony 15 6 27 175 | 301 364 | 479 528 1081 1896 | 11404 | 22549
109 | Gruceikiy sodai 35 71 156 | 286 | 322 | 336 | 378 | 621 840 1549 | 2632 | 11178
110 | Vézaiciai 42.0 411 568 | 1315 | 1557 | 1622 | 1692 | 1821 2085 | 2308 | 2764 4822
111 | Gargzdy AS 2539 266 | 4242 | 10724 | 13262 | 14662 | 15306 | 16268 | 16970 | 17406 | 18756 | 19779
112 | Endriejavas 7.0 108 | 441 635 | 698 | 762 | 854 | 889 927 961 1018 1062
113 | Zadeikiai 8.6 57 216 | 240 | 244 | 247 | 247 | 261 295 331 376 413
114 | Kalniske 0.0 184 116 | 225 | 1721 | 7150 | 13632 | 15533 | 16942 | 17926 | 18671 | 19536
115 | Lapiai 1.1 56 292 | 333 | 349 | 377 | 453 595 680 1038 | 1215 1488
116 | Medsédziai 0.0 23 70 74 102 105 120 | 248 633 1053 | 1272 1481
117 | Utriai 0.2 235 29 54 77 92 116 | 203 578 816 1090 1395
118 | Kvietiniai 14.8 84 332 | 438 | 486 | 524 | 901 | 1919 | 3498 | 5419 | 10506 | 15346
119 | Jakai 19 351 326 | 747 | 1173 | 1438 | 2836 | 10970 | 30490 | 64704 | 102834 | 123454
120 | Dovilai 7.7 17 704 | 1040 | 1261 | 1780 | 2352 | 2999 | 4205 | 9303 | 13882 | 16623
121 | Gerduvénai 0.2 3 37 67 158 | 828 | 3279 | 7454 | 13095 | 16544 | 17672 | 18487
122 | Rudaiciai 0.5 221 7 80 221 450 | 810 | 1737 | 4321 | 7989 | 12126 | 16639
123 | Laugaliai 10.6 6 392 | 647 | 3298 | 9138 | 1443115753 | 16705 | 18292 | 19269 | 19933
124 | Sakiniai 0.3 0 29 81 143 | 210 | 363 | 1058 | 1679 | 2071 | 3189 4388
125 | Gargzdy kapinés 1.6 88 31 527 | 923 | 3283 | 9140 | 14687 | 16835 |17971| 19232 | 19754
126 |Slapsilé 8.5 170 188 | 405 585 | 1171 | 1734 | 2562 | 8461 |[14125| 17834 | 18838
127 | Dauparai 20.6 54 378 | 745 | 1032 | 1310 | 1444 | 1754 | 2120 | 2608 | 3431 9873
128 | Jonusai 10.7 175 145 504 | 854 | 993 | 1197 | 1485 | 1795 | 2247 | 3042 4579
129 | Uzuovéjos 0.0 5 394 | 1143 | 3107 | 7570 | 12960 | 14671 | 15737 | 16551 | 17371 | 18391
130 | Stragnai 0.3 8 116 | 443 | 1493 | 1842 | 2058 | 2296 | 2493 | 2832 | 3552 4151
131 | Saukliai 0.0 3 9 105 138 | 267 | 622 | 1466 | 2060 | 2558 | 3302 4013
132 | Kalviskiai 0.2 232 8 65 216 | 323 | 390 | 554 717 833 1469 1945
133 | Priekulé 27.7 44 699 | 1313 | 1642 | 2049 | 2208 | 2453 | 3049 | 3503 | 4121 4756
134 | Lietuvininky g. 0.3 66 66 603 | 1540 | 2110 | 3022 | 6898 | 11884 | 14823 | 17245 | 18880
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Continue of Table A

No Stop name Passenger « POP

flow average” | 300 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 5000
135 | Skaidrioji g. 48 0 171 202 | 430 | 4903 | 10932 | 14305 | 16676 |18333| 19172 | 19669
136 | Kurslaukio g. 04 37 15 236 | 1304 | 6388 | 11668 | 15638 | 17338 | 18676 | 19255 | 19696
137 | Gamykly 0.6 3 40 580 | 2768 | 8087 | 13057 | 15881 | 17741 | 18825 | 19306 | 19744
138 | Balkalnis 0.0 1572 3 3 6 107 136 149 172 348 694 1055
139 | Mataiciai 15 44 77 87 100 105 125 170 262 273 287 344
140 |Lelénai 0.0 6 6 16 20 24 37 67 78 116 183 376
141 | Auksoras 13 3 3 3 9 27 85 239 658 792 854 935
142 | Valudiai 0.0 0 8 46 98 172 559 | 1104 | 1229 | 1339 | 1415 1577
143 | Landziai 0.0 0 17 32 80 218 | 250 302 416 515 661
144 | Samaliske 0.0 49 92 112 142 | 233 983 | 1837 | 2135 | 2191 2433 2918
145 | Sodas 0.0 10 14 24 75 264 | 372 | 494 572 744 1017 1519
146 | Mézeliai 04 22 44 56 184 525 | 941 | 1384 | 2178 | 2632 | 3171 3578
147 | Pempiai 0.2 20 32 119 | 247 | 390 | 1369 | 2434 | 3557 | 4649 | 5357 6005
148 | Mokiniy 0.0 0 0 191 825 | 1466 | 1813 | 3284 | 7389 | 13544 | 17207 | 18231
149 | 1-ieji Zvelsénai 04 3 6 20 148 | 483 938 | 1072 | 1168 | 1597 | 3074 6156
150 | Salpénai 8.5 44 122 189 | 241 274 | 298 322 403 646 751 859
151 | Budvieciai 0.2 3 5 31 77 186 | 676 | 900 1093 | 1883 | 2777 3247
152 | Grieziai 0.1 27 32 40 114 169 | 285 | 784 2059 | 2793 | 3014 3449
153 | Dreverna 3.0 142 343 | 419 | 422 | 436 | 447 512 600 704 879 1155
154 | Siapariai 1.1 59 222 | 299 | 341 352 | 404 | 499 604 760 911 1051
155 | Pjauliai 0.0 10 18 46 61 102 379 | 720 1255 | 2000 | 3665 5030
156 | Dauksaiciai 9.9 119 | 206 | 275 314 | 371 409 | 491 572 774 1049 1762
157 | Laigiai 0.0 8 16 47 204 | 622 | 813 | 903 957 968 1009 1215
158 | Mokiniy 44 340 | 729 | 1253 | 1516 | 1594 | 1665 | 1981 2366 | 3251 7131 13431
159 | Antkoptis 0.9 1 48 111 123 129 136 164 185 193 196 391
160 | Sukaiciai 2.1 46 85 179 | 213 223 234 | 277 460 806 1174 1358
161 | Senosios mokyklos 0.0 1 13 54 98 303 674 | 777 922 1158 | 1578 1793
162 | Balsénai 0.0 40 102 133 143 147 155 207 278 312 467 1316
163 | Maciuiciai 0.1 58 187 | 373 854 | 3209 | 8573 | 13738 | 15163 | 17278 18908 | 19797
164 | Trepkalniai 0.0 5 5 11 22 61 134 | 272 449 797 1170 1276
165 | BroZiai 0.1 54 86 129 157 181 210 | 238 261 338 609 901
166 |Ryto g. 0.0 25 52 331 580 | 1969 | 4192 | 10613 | 14249 |[16661 | 18417 | 19446
167 | Stirbiai 0.0 3 5 35 113 166 | 202 392 550 658 695 842
168 | Girininkai 0.0 68 152 | 320 | 352 378 | 460 | 544 609 731 847 1708
169 | Lankupiai 04 10 15 111 239 327 351 489 630 871 1393 1760
170 | Misgiriai 0.0 0 11 11 11 14 26 147 395 622 768 865
171 | Silénai 0.0 1 9 14 34 43 71 137 280 749 1147 1403
172 | Bareikos 0.0 3 6 27 43 83 192 | 430 811 1519 | 2143 2368
173 |Judrénai 1.6 132 | 261 384 | 406 | 435 | 455 505 505 505 517 528
174 | Girininkai 0.1 3 6 39 358 | 451 461 484 487 507 523 550
175 | Pangesai 1.1 78 112 | 327 | 1135 | 1790 | 2234 | 2719 | 3398 | 4015 | 4653 5569
176 | Lingiai 0.9 65 128 | 415 965 | 1619 | 2650 | 4086 | 5099 | 5698 | 6217 6514
177 | Tiltas 0.0 3 5 68 399 | 468 513 607 775 879 1594 2863
178 | Pakalniskiai 17 24 24 51 86 114 137 199 253 320 717 1562
179 ;2&?&2“0 stotis 24 37 97 455 | 1232 | 2061 | 2795 | 3391 | 4043 | 4892 | 5562 6113
180 | Geniy 0.0 6 7 13 117 553 788 | 943 1045 | 1142 | 1306 1602
181 | Tickinai 0.0 6 9 13 25 74 227 588 822 1026 | 1280 1391
182 | Silininkai 0.0 8 10 52 75 148 581 | 1017 | 1567 | 2639 | 3353 3716
183 | Sakenai 0.0 9 11 12 22 58 349 | 443 493 506 529 565
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End of Table A

No Stop name Passenger « PoP

flow average”™ | 300 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 5000
184 | Svencelé 33 57 69 80 86 92 102 163 486 557 568 768
185 | Stancaiciai 0.0 14 18 32 40 44 47 60 73 89 132 257
186 | Upiténai 0.5 11 16 26 27 91 554 | 920 1038 | 1308 | 1518 1591
187 | Venckai 1.6 123 186 198 | 233 333 | 429 563 857 1211 2065 3518
188 | Zemguliai 1.0 14 20 27 37 46 148 189 225 347 579 620
189 | Kryzkelé 0.0 18 20 52 169 | 405 | 442 526 698 1092 | 1692 2241
190 | Vainotiské 0.8 17 27 37 86 169 324 | 400 442 490 677 839
191 | Zvelsénai 0.1 16 17 26 122 373 648 | 1042 | 1128 | 1214 | 1298 1826
192 | Gerviy 0.0 4 8 296 | 497 636 | 706 | 851 977 1153 | 1279 1551
193 |Roziy 0.3 9 41 76 76 88 327 | 454 533 569 608 772
194 | Pasto 0.2 267 | 498 | 1044 | 1267 | 1438 | 1924 | 8147 | 26054 | 58947 | 95818 | 119745
195 | Sudmanty zZiedo 0.1 102 | 235 693 | 1144 | 1405 | 3735 | 12419 | 32732 | 67920 | 105001 | 124532
196 | Stadiono 0.0 491 | 1479 | 5436 | 10744 | 13765 | 15024 | 15553 | 16240 | 17769 | 18629 | 19699
197 | Vilnelés 0.1 607 | 1492 | 6751 | 11067 | 13955 | 15624 | 16378 | 17280 | 18045 | 18634 | 19452
198 | Kuliy dvaro 0.0 233 570 | 1607 | 4075 | 10309 | 1342516069 | 17169 | 18077 | 18603 | 18919
199 |Dobilas 0.0 158 | 466 | 1123 | 2105 | 5542 | 11885 | 14460 | 16468 | 17587 | 18596 | 18870
200 | Obeléle 0.0 150 | 417 | 974 | 1908 | 4467 | 10194 | 13987 | 16071 |17423| 18398 | 18875
201 | Vandens 0.0 39 150 | 709 | 1856 | 2989 | 4599 | 9571 | 13930 | 16139 | 17552 | 18602
202 |Zalgiriy 0.7 9 20 292 | 953 | 2517 | 4504 | 5615 | 7283 | 9318 | 10734 | 13256
203 | Ylavos 1.6 57 123 584 | 1710 | 3774 | 4837 | 6863 | 8733 | 9992 | 12114 | 17688
204 | A. Bruozio 6.8 94 263 | 1129 | 2877 | 4113 | 5730 | 8228 | 9653 | 11149 | 16674 | 24521
205 | Smalupés 4.0 178 | 476 | 1843 | 3120 | 4547 | 6659 | 9001 | 10380 | 14890 | 22156 | 37533
206 | Sukaiciai 2 14 41 57 168 193 214 | 237 248 287 420 891 1266
207 |Salpenai 2 0.6 0 11 30 89 211 246 | 289 326 353 414 729
208 | Pavandenés 9.1 115 234 | 1745 | 3289 | 5641 | 8372 | 10949 | 15133 | 20472 | 27007 | 34120
209 | Treniotos 0.9 228 | 671 | 2610 | 4758 | 10867 | 13808 | 15165 | 15978 | 16785| 17619 | 18716
210 | Vasario 16-o0sios 0.0 289 | 765 | 3156 | 6368 | 11270 | 14037 | 15342 | 16083 |16785| 18075 | 19121

Note: * — dimension: [passengers’ number per working day].

References

Akbari, S.; Mahmoud, M. S;; Shalaby, A.; Nurul Habib, K. M. 2018.
Empirical models of transit demand with walk access/egress
for planning transit oriented developments around commuter
rail stations in the Greater Toronto and Hamilton Area, Journal
of Transport Geography 68: 1-8.
https://doi.org/10.1016/j.jtrangeo.2018.02.002

Altan, M. F.; Ayozen, Y. E. 2018. The effect of the size of traffic
analysis zones on the quality of transport demand forecasts
and travel assignments, Periodica Polytechnica Civil Engineer-
ing 62(4): 971-979. https://doi.org/10.3311/PPci.11885

Bos, P. 2017. Self-Driving Bus to Improve Accessibility of Rural Ar-
eas in the Netherlands: Peoplemover as a First- and Last Mile
Solution. MSc Thesis. Nijmegen School of Management, Rad-
boud University, The Netherlands. 113 p. Available from Inter-
net: http://theses.ubn.ru.nl/handle/123456789/5436

Brand, J.; Hoogendoorn, S.; Van Oort, N.; Schalkwijk, B. 2017. Mod-
elling multimodal transit networks integration of bus networks
with walking and cycling, in 2077 5th IEEE International Con-
ference on Models and Technologies for Intelligent Transporta-
tion Systems (MT-ITS), 26-28 June 2017, Naples, Italy, 750-755.
https://doi.org/10.1109/mtits.2017.8005612

Bruzzone, F,; Scorrano, M.; Nocera, S. 2020. The combination of
e-bike-sharing and demand-responsive transport systems in
rural areas: a case study of Velenje, Research in Transportation
Business & Management 40: 100570.
https://doi.org/10.1016/j.rtbm.2020.100570

Currie, G. 2010. Quantifying spatial gaps in public transport supply
based on social needs, Journal of Transport Geography 18(1):
31-41. https://doi.org/10.1016/j.jtrangeo.2008.12.002

Ekanayake, T. B.; Amalan, T. P.; Ranabahu, S. 2019. Assessing spa-
tial accessibility to bus stops in an urban road corridor using
GIS, Proceedings of the Eastern Asia Society for Transportation
Studies 12: PP2380. Available from Internet: https://easts.info/
on-line/proceedings/vol.12/pdf/PP2380.pdf

El-Geneidy, A.; Grimsrud, M.; Wasfi, R.; Tétreault, P.; Surprenant-
Legault, J. 2014. New evidence on walking distances to transit
stops: identifying redundancies and gaps using variable service
areas, Transportation 41(1): 193-210.
https://doi.org/10.1007/s11116-013-9508-z

EN 13816:2002. Transportation. Logistics and Services. Public Pas-
senger Transport. Service Quality Definition, Targeting and Meas-
urement.


https://doi.org/10.1016/j.rtbm.2020.100570
https://doi.org/10.1016/j.jtrangeo.2008.12.002
https://easts.info/on-line/proceedings/vol.12/pdf/PP2380.pdf
https://easts.info/on-line/proceedings/vol.12/pdf/PP2380.pdf
https://doi.org/10.1007/s11116-013-9508-z
https://doi.org/10.3311/PPci.11885
http://theses.ubn.ru.nl/handle/123456789/5436
https://doi.org/10.1109/mtits.2017.8005612

Transport, 2026, 41(1): 48-61

Hansson, J.; Pettersson, F.; Svensson, H.; Wretstrand, A. 2019. Pref-
erences in regional public transport: a literature review, Euro-
pean Transport Research Review 11: 38.
https://doi.org/10.1186/s12544-019-0374-4

Hansson, J.; Pettersson-Lofstedt, F.; Svensson, H.; Wretstrand, A.
2021. Replacing regional bus services with rail: changes in ru-
ral public transport patronage in and around villages, Transport
Policy 101: 89-99. https://doi.org/10.1016/j.tranpol.2020.12.002

Her, Q. L; Wong, J. 2020. Significant correlation versus strength of
correlation, American Journal of Health-System Pharmacy 77(2):
73-75. https://doi.org/10.1093/ajhp/zxz280

Heumann, C.; Schomaker, M,; Shalabh, S. 2016. Introduction to Sta-
tistics and Data Analysis: with Exercises, Solutions and Applica-
tions in R. 456 p. Springer Cham.
https://doi.org/10.1007/978-3-319-46162-5

Kaszczyszyn, P.; Sypion-Dutkowska, N. 2019. Walking access to
public transportation stops for city residents. a comparison of
methods, Sustainability 11(14): 3758.
https://doi.org/10.3390/su11143758

Ker, I; Ginn, S. 2003. Myths and realities in walkable catchments: the
case of walking and transit, Road & Transport Research 12(2): 69.

Mendenhall, W. M,; Sincich, T. L,; Boudreau, N. S. 2016. Statis-
tics for Engineering and the Sciences Student Solutions Manual.
Chapman and Hall/CRC. 458 p.
https://doi.org/10.1201/9781315382494

Michalski, L; Jamroz, K.; Grzelec, K.; Grulkowski, S.; Kaszubowski, D.;
Okraszewska, R Birr, K.; Kustra, W. 2015. Strategia transportu
i mobilnosci obszaru metropolitalnego do roku 2030. Gdansk,
Polska. 104 s. Available from Internet: https://www.metropo-
liagdansk.pl/upload/files/Strategia%20Transportu%20i%20
Mobilno%C5%9Bci%200M%20GGS-V_5_2015.pdf (in Polish).

Michniak, D. 2010. Vplyv dostupnosti na rozvoj cestovného ruchu
vo vybranych regiénoch na Slovensku. Geographia Cassoviensis
4(1): 114-117. (in Slovak).

Murray, A. T.; Davis, R.; Stimson, R. J,; Ferreira, L. 1998. Public
transportation access, Transportation Research Part D: Trans-
port and Environment 3(5): 319-328.
https://doi.org/10.1016/51361-9209(98)00010-8

Polhemus, N. W. 2005. How to: Deal with Multicollinearity when Fit-
ting a Regression Model Using STATGRAPHICS Centurion. Statgra-
phics Technologies Inc., Plains, VA, US. 18 p. Available from In-
ternet: https://www.statgraphics.com/hubfs/PDFs/How_To_Deal_
with_Multicollinearity_When_Fitting_a_Regression_Model.pdf

Pot, F. J.; Heinen, E.; Tillema, T. 2025. Sufficient access? Activi-
ty participation, perceived accessibility and transport-related
social exclusion across spatial contexts, Transportation 52(4):
1679-1707. https://doi.org/10.1007/s11116-024-10470-z

Pot, F. J,; Piesch, L. 2024. How far is too far? Urban versus ru-
ral acceptable travel distances, Transportation Research Part D:
Transport and Environment 137: 104474.
https://doi.org/10.1016/j.trd.2024.104474

Pyzik, M.; Drabicki, A,; Bauer, M.; Szarata, A. 2018. Makrosymula-
cyjny model transportowy miasta Kielce oraz kieleckiego ob-

szaru funkcjonalnego, Transport Miejski i Regionalny (3): 18-26.
(in Polish).

Rajchal, P.; Bhele, R.; Khadka, R. 2024. Optimising pedestrian ac-
cessibility: a comprehensive analysis of factors influencing
walking distances to preferred public transport bus stops, Jour-
nal of Advanced Research in Civil and Environmental Engineer-
ing 11(1): 45-58.

Rankovi¢ Plazini¢, B.; Jovi¢, J. 2018. Mobility and transport poten-
tial of elderly in differently accessible rural areas, Journal of
Transport Geography 68: 169-180.
https://doi.org/10.1016/j.jtrange0.2018.03.016

Silva, C,; Buttner, B.; Seisenberger, S.; Rauli, A. 2023. Proximity-cen-
tred accessibility — a conceptual debate involving experts and
planning practitioners, Journal of Urban Mobility 4: 100060.
https://doi.org/10.1016/j.urbmob.2023.100060

Stentzel, U,; Piegsa, J.; Fredrich, D.; Hoffmann, W.; Van den Berg, N.
2016. Accessibility of general practitioners and selected spe-
cialist physicians by car and by public transport in a rural re-
gion of Germany, BMC Health Services Research 16: 587.
https://doi.org/10.1186/s12913-016-1839-y

Sun, C; Chen, X; Zhang, H. M.; Huang, Z. 2018. An evaluation
method of urban public transport facilities resource supply
based on accessibility, Journal of Advanced Transportation
2018: 3754205.
https://doi.org/10.1155/2018/3754205

Stastna, M.; Vaishar, A. 2017. The relationship between public
transport and the progressive development of rural areas, Land
Use Policy 67: 107-114.
https://doi.org/10.1016/j.landusepol.2017.05.022

Talpur, M. A. H.; Khahro, S. H.; Abro, S.; Shaikh, H. 2024. Measur-
ing GIS-based pedestrian accessibility to bus stops: a sustain-
able approach to ease urban traffic problems at Hyderabad,
Pakistan, Discover Cities 1: 28.
https://doi.org/10.1007/s44327-024-00031-5

Trembosova, M.; Dubcovd, A.; Nagyova, L.; Caganova, D. 2020.
Chosen aspects of a spatially functional accessibility by public
transport: the case of trnava self-governing region (Slovakia),
Acta Logistica 7(2): 121-130.
https://doi.org/doi:10.22306/al.v7i2.171

Truden, C,; Kollingbaum, M. J.; Reiter, C.; Schasché, S. E. 2022.
A GIS-based analysis of reachability aspects in rural public
transportation, Case Studies on Transport Policy 10(3): 1827—
1840. https://doi.org/10.1016/j.cstp.2022.07.012

Tsioulianos, C; Basbas, S.; Georgiadis, G. 2020. How do passenger
and trip attributes affect walking distances to bus public trans-
port stops? Evidence from university students in Greece, Spa-
tium 44: 12-21. https://doi.org/10.2298/spat2044012t

Wang, H.; Odoni, A. 2016. Approximating the performance of a
“last mile” transportation system, Transportation Science 50(2):
659-675. https://doi.org/10.1287/trsc.2014.0553

Zivkovi¢, M.; Abramovi¢, B. 2025. Quality of service criteria in inte-
grated passenger transport systems: an overview, Applied Sci-
ences 15(4): 2078. https://doi.org/10.3390/app 15042078


https://doi.org/10.1186/s12544-019-0374-4
https://doi.org/10.1016/j.tranpol.2020.12.002
https://doi.org/10.1093/ajhp/zxz280
https://doi.org/10.1007/978-3-319-46162-5
https://doi.org/10.3390/su11143758
https://doi.org/10.1201/9781315382494
https://www.metropoliagdansk.pl/upload/files/Strategia Transportu i Mobilno%C5%9Bci OM GGS-V_5_2015.pdf
https://www.metropoliagdansk.pl/upload/files/Strategia Transportu i Mobilno%C5%9Bci OM GGS-V_5_2015.pdf
https://www.metropoliagdansk.pl/upload/files/Strategia Transportu i Mobilno%C5%9Bci OM GGS-V_5_2015.pdf
https://doi.org/10.1016/S1361-9209(98)00010-8
https://www.statgraphics.com/hubfs/PDFs/How_To_Deal_with_Multicollinearity_When_Fitting_a_Regression_Model.pdf
https://www.statgraphics.com/hubfs/PDFs/How_To_Deal_with_Multicollinearity_When_Fitting_a_Regression_Model.pdf
https://doi.org/10.1007/s11116-024-10470-z
https://doi.org/10.1016/j.trd.2024.104474
https://doi.org/10.1016/j.jtrangeo.2018.03.016
https://doi.org/10.1016/j.urbmob.2023.100060
https://doi.org/10.1186/s12913-016-1839-y
https://doi.org/10.1155/2018/3754205
https://doi.org/10.1016/j.landusepol.2017.05.022
https://doi.org/10.1007/s44327-024-00031-5
https://doi.org/doi:10.22306/al.v7i2.171
https://doi.org/10.1016/j.cstp.2022.07.012
https://doi.org/10.2298/spat2044012t
https://doi.org/10.1287/trsc.2014.0553
https://doi.org/10.3390/app15042078

