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Abstract

Fare-free public transport policies are widely implemented to improve accessibility for
older adults, yet their effects vary across spatial contexts. Population ageing further in-
creases the need for accessible mobility, while intelligent transport systems (ITS) enable the
use of large-scale operational data for evidence-based transport planning. This study exam-
ines the determinants of fare-free public transport demand using nationwide smart-card
validation data from Slovenia, where free travel for residents aged 65 and over was intro-
duced in 2020. The analysis combines IJPP smart-card data with selected socio-economic,
service-level and spatial indicators and applies bivariate correlation and regression analysis
at the regional level. The results reveal substantial regional variation in demand inten-
sity. Service availability shows the strongest positive association with usage, while car
ownership exhibits a moderate negative relationship. In contrast, economic indicators
and population density show limited explanatory power. These findings indicate that
differences in realised demand are primarily shaped by service and accessibility conditions
rather than pricing alone. The study highlights the importance of integrating fare policies
with service provision when planning mobility systems in ageing societies.

Keywords: fare-free public transport policy; smart-card data analysis; mobility of older
adults; public transport demand; linear regression

1. Introduction

Recent advances in intelligent transport systems (ITS) have enabled the collection
and analysis of large-scale operational data in public transport. In Slovenia, such data are
generated within the Integrated Public Passenger Transport (IJPP) system, which provides
nationwide ticketing and validation infrastructure.

In July 2020, a nationwide fare-free regional public transport ticket for residents aged
65 and over was introduced within the IJPP system. The free ticket represents a permanent
policy measure enabling unlimited use of regional bus and rail services for the target
population. This intervention significantly changed public transport conditions and created
a unique context for analysing behavioural responses using operational data. For transport
planners, the measure represents both an opportunity and a challenge, as limited prior
evidence exists for forecasting demand following large-scale fare-free interventions.

Despite growing interest in fare-free public transport policies, empirical evidence
based on large-scale operational ITS data remains limited, particularly at the national
level. Existing studies often rely on survey data, short-term observations or single-city case
studies, providing only partial insight into behavioural responses among older adults. In
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particular, little research examines how structural, service-level and spatial factors shape
regional differences in elderly public transport demand following pricing interventions.

This study addresses this gap by examining regional variation in fare-free public
transport demand using nationwide smart-card data. The following research question is
addressed: Which structural factors explain regional variation in fare-free public transport
demand among older adults?

The Slovenian case is particularly relevant, as the policy is nationwide, permanent and
targeted at a clearly defined population group, while comprehensive smart-card validation
data are available for analysis. Using back-office smart-card data combined with publicly
available socio-economic, service and spatial indicators, the study examines how pricing
interacts with service supply, accessibility, car ownership and regional characteristics in
shaping public transport demand among older adults.

Rather than treating fare-free policy as the sole driver, the study conceptualizes pricing
as an enabling condition within a broader set of structural determinants of public transport
demand. Unlike most existing studies, which rely on survey data or single-city analyses,
this study uses nationwide smart-card validation data combined with structural indicators
to explain regional variation in fare-free public transport demand within a unified national
policy framework.

This paper contributes to the literature in three ways:

1. It provides one of the first nationwide empirical assessments of fare-free public
transport demand based on full smart-card validation data, moving beyond typical
single-city or survey-based studies.

2. It systematically links fare-free demand to structural regional determinants, including
service supply, accessibility, car ownership and socio-economic conditions.

3. It demonstrates how regional variation in demand emerges within a unified national
policy framework, highlighting the role of local conditions in shaping policy outcomes.

The remainder of the paper is structured as follows. Section 2 reviews the literature on
elderly mobility, fare-free policies and ITS-based demand analysis. Section 3 presents the
study context, data and methodology. Section 4 reports the results, focusing on relationships
between selected indicators and demand. Section 5 discusses the findings, limitations and
implications, while Section 6 concludes the paper.

2. Literature Review
2.1. Determinants of Elderly Mobility

Population ageing has intensified research on mobility needs and travel behaviour
among older adults. Previous studies consistently show that elderly mobility is shaped by
multiple interacting factors rather than a single determinant [1,2]. Individual characteristics
such as health status, retirement, lifestyle and income influence the propensity to travel,
while changing activity patterns often result in fewer but more flexible trips compared
to younger populations [3-6]. At the same time, reduced car use with age increases the
relevance of alternative modes, particularly public transport [7-9].

Socio-economic conditions also play an important role. Income levels influence travel
frequency and mode choice, although the relationship is not linear, as accessibility and
service quality often moderate pricing effects [10-13].

2.2. Spatial Context and Regional Differences

The spatial context represents a key structural determinant of elderly mobility. Re-
search highlights significant differences between urban and rural areas, where population
density, accessibility and transport supply vary substantially [14-16]. Higher density en-
vironments generally provide greater accessibility and more modal options, supporting
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public transport use, whereas dispersed rural settings often reinforce car dependence and
limit alternatives [17,18].

Regional socio-economic development, settlement structure and connectivity therefore
contribute to uneven mobility outcomes among older populations [19-21]. These findings
suggest that public transport demand among the elderly cannot be explained without
considering spatial context and regional heterogeneity.

2.3. PT Service and Pricing Interventions

PT service characteristics constitute a central determinant of elderly travel behaviour,
as availability, accessibility, reliability and user experience, together with service frequency
and network coverage, influence whether public transport becomes a viable mobility
option [21,22].

Fare-free and subsidized public transport policies are commonly introduced to reduce
financial barriers and increase ridership among older adults [23,24]. Policy reports and
empirical studies indicate that such pricing interventions typically lead to increased public
transport use; however, the magnitude and composition of these changes vary considerably
across contexts and user groups [25-29].

Empirical evidence further shows that the effectiveness of fare-free policies depends
not only on service availability but also on policy design. For example, the fare-free
system in Tallinn, implemented as a full urban scheme, resulted in only modest increases
in ridership, with changes largely concentrated among existing users [29]. Similarly,
Bull et al. [28] find that fare-free policies tend to produce limited behavioural change
when service supply remains unchanged. In contrast, concessionary schemes targeting
specific user groups, such as the United Kingdom's policy for older adults, demonstrate
more consistent increases in public transport use, although these effects remain strongly
conditioned by service provision [30]. This indicates that fare-free policies operate as
enabling measures, whose impact is mediated by both service characteristics and the
specific form of policy implementation. Different forms of fare-free public transport (FFPT)
schemes are summarized in Table 1.

Table 1. Selected examples of fare-free public transport schemes.

FFPT Form

Key Features Type of PT Examples of FFPT Programs

Full, unlimited

Hasselt (Belgium), Aubagne
(France), Tallinn (Estonia),
Urban Frydek-mistek (Czechia),
Nova Gorica, Velenje,
Jesenice (all Slovenia)

A fare-free system covering
most urban public transport
services, available to the
majority of users long-term.

Socially limited

Canberra, Australia
Urban (older adults), Shanghai,
China (pensioners)

A ticket-free system that is
limited in one or more ways.

Temporary and
socially limited

Fares are suspended in specific

yet regularly occurring periods. Regional United Kingdom (elderly)

2.4. ITS Data and Demand Analysis

Advances in intelligent transport systems (ITS) have enabled the use of large-scale
operational and smart-card data for analysing travel behaviour and supporting transport
planning processes [31]. Such data provide objective insights into actual usage patterns
and allow the evaluation of policy interventions beyond traditional survey-based ap-
proaches [32,33].
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Smart-card data allow the reconstruction of travel patterns, monitoring of system
performance and analysis of demand dynamics over time. However, most ITS-based
studies remain limited to single metropolitan areas or specific transport networks, and
relatively few integrate operational data with socio-economic and spatial indicators to
explain regional differences in demand [32-35].

2.5. Synthesis and Research Gap

Overall, the literature indicates that elderly public transport demand emerges from
the interaction of individual characteristics, socio-economic conditions, spatial context and
service supply, with pricing acting as an important but not sufficient driver [2,8]. While fare-
free policies generally increase ridership, the extent of this increase varies across contexts,
suggesting that structural conditions play a key role in shaping demand [25,28,29].

Despite advances in ITS data analysis, limited empirical evidence integrates fare-free
policy evaluation with large-scale operational data and structural regional indicators at the
national level. In particular, the role of regional heterogeneity in shaping demand responses
among older adults remains insufficiently understood [28,29,32].

Previous studies indicate that service supply, accessibility and car ownership moderate
behavioural responses to pricing interventions, leading to heterogeneous regional variation
in demand. This conceptual framing guides the selection of indicators and supports the
empirical analysis.

This study addresses this gap by combining smart-card validation data with socio-
economic, service and spatial indicators to examine how fare-free public transport interacts
with structural determinants of mobility across regions within a unified national system.

3. Methodology

In line with the conceptual framing outlined in the literature review, the study op-
erationalizes elderly public transport demand through a set of regional indicators rep-
resenting policy uptake, public transport service supply, socio-economic characteristics
and spatial context. This structure guides the selection of variables and the analytical
approach used to examine relationships between determinants and realized fare-free public
transport demand.

3.1. Field of Research

Introduction of IJPP free ticket

The introduction of a fare-free ticket within the IJPP system in July 2020 represented a
large-scale policy intervention affecting regional public transport provision at the national
level. While fare-free public transport schemes are widely documented, their implemen-
tation varies considerably in terms of scope, target groups and temporal restrictions, as
shown in Table 1. Most existing examples are limited to urban systems, pilot programs or
time-restricted access. The Slovenian IJPP policy therefore represents a structurally distinct
policy context that extends beyond typical city-level applications of fare-free public trans-
port [24]. The specificity of the measure studied is reflected in the following characteristics:

e  Permanent measure and unlimited use for users;

Type of public transport, i.e., regional public transport;

The area of implementation of the measure, i.e., at national level;

Change in offer, i.e., free use of the entire IJPP system without restrictions;

Specific target group of beneficiaries.

The introduction of a free ticket represented a significant change in the service, result-
ing in a substantial increase in demand for intercity public transport, as confirmed by the
analysis of IJPP data. By the end of 2023, the number of free ticket holders amounted to
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314,098, or 59.2% of all beneficiaries, while validations with a free ticket in 2023 accounted
for 23.7% of all IJPP validations [24]. Although the fare-free policy was introduced in 2020,
comparable pre-intervention smart-card data are not available at the same level of detail
and consistency. Therefore, the analysis focuses on a cross-sectional assessment of regional
differences in 2023 and does not allow conclusions on whether these patterns emerged after
the policy or reflect pre-existing conditions.

Slovenia and IJPP System

In Slovenia, regional public transport is carried out within the IJPP system, which
covers the entire regional public transport network. IJPP, a national project established
in September 2016 by the Ministry of Infrastructure of Slovenia, aims to provide a uni-
fied public transport system with integrated ticketing and harmonised tariff conditions
regardless of the operator or mode. In 2023, the IJPP covered approximately 5500 stops
and around 3000 lines, with approximately 700,000 registered users and about 20 million
validations [36].

In this study, Slovenia was spatially divided into twelve statistical regions (hereafter
referred to as regions), which represent the official territorial units used for national-level
statistical reporting by the Statistical Office of the Republic of Slovenia (SURS) [37]. These
regions were selected as the unit of analysis because they provide the most consistent
level at which operational transport data and external socio-economic indicators can be
integrated, ensuring full national coverage and comparability across spatial units. While
the number of observations is limited (n = 12), the results should be interpreted as indicative
of structural patterns rather than statistically generalisable relationships. At the same time,
the use of statistical regions represents a spatial abstraction that may conceal intra-regional
variation in accessibility and service provision.

Figure 1 shows the spatial distribution of Slovenia by statistical regions, while Table 2
presents selected regional characteristics. Surface and population values are expressed
as shares of the national total, while pension beneficiaries are presented as both absolute
values and shares within each region. Slovenia covers 20,272 km? and has a popula-
tion of approximately 2.1 million, corresponding to an average population density of
104 inhabitants /km?.

 SLOVENE STATISTICAL REGIONS |

01 pomurska

02 stajerska

03 koroska

04 savinjska

05 zasavska

06 posavska

07 jugovzhodna

08 osrednjeslovenska
09 gorenjska

10 primorsko-notranjska
11 goriska

12 obalno-kraska

https://www stat si/obcine/en

Figure 1. Regions of Slovenia (source: SURS).
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Table 2. Characteristics for Slovenian regions in year 2023.

Region Share of National = Share of National = Population Density Pension
Area [%] Population [%] [Inhabitants/km?] Beneficiaries [1; %]

Gorenjska 10.5 9.8 98 53,976; 25.7%
Goriska 114 5.8 51 33,766; 28.5%
Jugovzhodna 13.3 7.0 55 36,931; 25.1%
Koroska 5.1 3.5 68 19,715; 27.9%
Obalno-kraska 52 5.6 114 30,340; 25.5%
Osrednjeslovenska 11.1 25.3 241 126,432; 22.5%
Podravska 10.7 15.8 152 82,245; 25.0%
Pomurska 6.6 57 85 30,809; 27.0%
Posavska 4.8 3.7 78 19,925; 26.2%
Primorsko-notranjska 7.2 2.5 37 14,150; 26.3%
Savinjska 11.7 12.5 113 66,747, 25.7%
Zasavska 24 2.8 118 16,447; 28.8%

The descriptive statistics reveal substantial variation between regions, particularly
in absolute terms. The Osrednjeslovenska region stands out with the highest values in
several key indicators, including population density, GDP per capita, and the total number
of public transport rides and validations. These high values reflect its role as the capital
region and the largest urban and economic centre in Slovenia.

At the same time, it is important to distinguish between different types of indicators.
Absolute values such as total validations, number of ticket holders, and total rides are
strongly influenced by population size, while other indicators capture different functional
dimensions of regional activity (e.g., tourism intensity or service provision).

When indicators are normalised per population or per number of beneficiaries, these
differences become less pronounced. In particular, usage-based indicators (e.g., validations
per 1000 beneficiaries and rides per 1000 inhabitants) show that Osrednjeslovenska does
not exhibit the highest levels of usage intensity. Instead, some smaller regions display
comparatively higher normalised values, indicating more intensive use of public transport
relative to their population size.

This highlights the importance of distinguishing between absolute and normalised
indicators when interpreting regional differences. A detailed overview is provided in
Table S1.

3.2. Data Collection

Smart-card data were obtained from the IJPP back-office system following a structured
data extraction process. This included prior understanding of the database structure,
definition of extraction parameters, and data export performed by the system administrator.
Given the scale of the dataset (approximately 500,000 purchase records and 10 million
validation records for the analysed four-month period in 2023), data were exported using
Crystal Reports, a reporting tool for extracting structured data from relational databases.
The exported data were subsequently imported into a relational database environment and
processed using structured query language (SQL) to derive relevant variables for analysis.
Due to the size and structure of the dataset, data processing was conducted using database
tools, as standard spreadsheet-based tools have limited capacity for handling datasets of
this scale.

The research included data on purchase transactions, activation and validation of
tickets. Every ticket issue transaction is recorded as a purchase, the first use as activation,
and each subsequent use as validation [24]. For the study, a 100% sample of activities
was obtained over a four-month period from 1 July to 31 October 2023. The dataset
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therefore represents a full population sample of recorded IJPP smart-card activity within
the study period.

The fare-free policy was monitored over a longer period following its introduction in
2020; however, the year 2023 was selected for detailed analysis as it reflects a stable phase
of policy implementation, avoiding initial adaptation effects. The selected four-month
period reflects the availability of complete and consistent operational records for that time
period. While this ensures comparability across regions, it may not fully capture seasonal
variation in travel behaviour. Extending the analysis would require incomplete or partially
processed datasets, reducing comparability.

Raw transactional data were aggregated at the regional level to ensure that personal
data of individual users were not disclosed, in line with the General Data Protection
Regulation (GDPR). External indicators were obtained from official national administrative
and statistical databases, including the Statistical Office of the Republic of Slovenia (SURS),
the Pension and Disability Insurance Institute of Slovenia (ZPIZ), and the Open Data
Slovenia Portal (OPSI), and were harmonised at the regional level [37-39].

While general statistical data on public transport usage are publicly available, detailed
transactional smart-card data are restricted and accessible only upon approval from the
competent authority, in line with data protection requirements. The data were accessed
under the condition that they would be used exclusively for the purposes of this research.

3.3. Indicators and Analytical Approach

In line with the conceptual framework developed in the literature review, elderly
public transport demand is understood as the outcome of interacting social, economic,
service and spatial factors rather than pricing alone. Based on this framework, a set of
indicators representing socio-economic, service and spatial determinants of elderly public
transport demand was defined. Socio-economic indicators included the share of pension
beneficiaries, car ownership among older adults, and income-related variables (average
pension and GDP per capita). Service-related indicators captured the availability of public
transport, while spatial context was represented by population density as a proxy for the
level of urbanisation. Data on beneficiaries and holders of free tickets were included to
capture policy uptake. As travel purpose and destination choice may also be influenced by
tourism, an indicator of regional tourist activity was added. For the identified indicators,
the expected direction of correlation with demand was defined; a positive relationship was
anticipated for most indicators, except for the proportion of personal car ownership.

The dependent variable (validations per 1000 beneficiaries) represents the intensity of
public transport use among eligible users, capturing realised travel behaviour rather than
mere entitlement to free travel. Normalisation per 1000 beneficiaries was applied to ensure
comparability across regions with different population sizes. A similar normalisation
approach was applied to selected independent variables expressed in absolute terms. The
indicator reflects average usage intensity at the regional level and does not capture the
distribution of use among individual users; higher values may therefore reflect either
widespread usage or more intensive use by a smaller group of frequent users.

In the study, correlations with the demand for a free ticket were determined for each
of the indicators for Slovenia at the regional level. In the performed linear regressions,
the indicators represented the independent variable x, while the dependent variable y
represented the demand. To determine the interdependence or correlation, a correlation
analysis was performed for the variables, i.e., indicators and demand. In the study, two
variables were considered in each analysis.

While some indicators capture overlapping socio-economic dimensions (e.g., GDP
per capita and pension levels), they were retained to examine whether macro-level and
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household-level conditions differ in their association with fare-free public transport de-
mand. While simplified, the use of population density as a proxy enables consistent
comparison across regions in the absence of harmonised functional urban—rural classifica-
tions at the regional level. Table 3 summarises the indicators included in the correlation
analysis, together with their reference periods and data sources.

Table 3. Indicators used in determining correlations with demand.

Variable Field Indicator Period Source

Dependent (y) Social Validations /1000 beneficiaries [n] 1 July-31 October 2023 JpPP

Social Share of holders among beneficiaries [%] On 1 November 2023 PP

Social Share of pension be.neﬁglarles among December 2023 P17

population [%]

Social Share of personal car owners (65+ years) [%] June 2023 OPSI

Independent (x) Economic Average of monthly pension [EUR] December 2023 ZP1Z
Economic GDP per capita [EUR] Year 2023 SURS

PT service Number of rides per day/1000 inhabitants [n] On 1 October 2023 IJPP

Tourism Number of arrivals/1000 inhabitants [n] 1 July-31 October 2023 SURS

Spatial Population density * [inhabitants/km?] December 2023 SURS

* Proxy for level of urbanisation.

Variables can be correlated, indicating a relationship, or uncorrelated, indicating no
relationship. If the condition of linearity, homoscedasticity, and normality is determined or
met for the variables, Pearson’s formula is used to determine the correlation coefficient [40].
Pearson’s correlation coefficient (r) was used to assess the strength and direction of linear
relationships between demand and selected indicators. The coefficient ranges between
—1 and 1, where values closer to the extremes indicate stronger associations.

Following confirmation of linearity, simple linear regression was applied to examine
relationships between fare-free public transport demand and selected indicators [40]. The
formula for Pearson’s correlation coefficient is

Z(xi — Y)Y —7)
VI = 2)2(yi — )

Pearson’s correlation coefficient (r) ranges from —1 to 1, with higher absolute values

r =

indicating stronger linear associations between variables. The strength of relationships was
interpreted using the following thresholds:

Insignificant (0 < |r| <0.2)

Low (0.2 < |r| <0.4)

Moderate (0.4 < |r| < 0.7)

High (0.7 < || <0.9).

Very high (0.9 < |r| < 1.0) [41].

The analysis is exploratory in nature and aims to identify relationships between fare-

free public transport demand and selected structural indicators rather than establish causal
effects. Given the nationwide coverage of the dataset and the limited number of observa-
tions at the regional level (n = 12), the analysis prioritizes interpretability and comparability
across regions over model complexity. In this context, more complex multivariate models
would risk overfitting and unstable estimates, supporting the use of bivariate correlation
and simple regression for this exploratory assessment.

The analysis is exploratory and based on aggregated regional data, which capture
structural patterns rather than individual behavioural responses and may conceal intra-
regional variation in service provision and accessibility. In addition, smart-card validation
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data reflect observed usage but do not capture trip purpose, unmet travel demand or
unvalidated trips.

4. Results

This section presents the empirical results of the analysis, focusing on regional varia-
tion in fare-free public transport demand and its relationship with selected structural indi-
cators. Table 4 presents regional demand levels and deviations from the national average,
revealing substantial spatial heterogeneity in usage intensity, while Figure 2 illustrates the
observed correlations between selected indicators and fare-free public transport demand.

Table 4. Display of demand for a free ticket by regions.

Region Holders [n] Holders Among Validations/1000 Comparison to the
Beneficiaries [%] Beneficiaries [n] Slovenian Average [%]
Gorenjska 36,484 67.6 10,459.3 117.0
Gorigka 18,588 54.9 29544 —38.7
Jugovzhodna 13,451 36.8 29422 —-39.0
Koroska 8897 45.6 3579.8 —25.7
Obalno-kraska 12,964 43.1 6261.8 29.9
Osrednjeslovenska 95,127 75.5 3919.7 —18.7
Podravska 48,978 59.5 33134 —31.3
Pomurska 14,634 47.3 3760.8 —22.0
Posavska 11,053 55.7 3387.5 -29.7
Primorsko- 5330 37.7 2093.4 ~56.6
notranjska
Savinjska 37,393 56.1 4325.0 —-10.3
Zasavska 11,199 67.8 10,840.0 124.9
Slovenia (average) 59.9

Determinants of Fare-Free Public Transport Demand

Share of holders among beneficiaries

Share of pensioners among population
Proportion of personal car owners (65 years +)
Average montly pension

GDP per capita

Number of rides per day

Arrivals in tourism

Population density

-10 -08 -06 -04 -02 00 02 04 06 08 1.0

Figure 2. Correlation of Structural Indicators with Fare-Free Public Transport Demand.

To ascertain relationships between selected indicators and fare-free public transport
demand, linear regressions were performed at the regional level. Indicator values are
presented in Table S2, while regression results are summarized in Table 5. All reported
correlations were examined for statistical significance; however, due to the limited number
of observations (1 = 12), results suggest general patterns rather than definitive conclusions.
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Table 5. Display of correlations of indicators on the demand for a free ticket.

The Strength of the

Indicator . Correlation—r
Correlation

Share of holders among beneficiaries Moderate positive 0.525
Share of pension beneficiaries Weak positive 0.210

Proportion of personal car owners (65 years+) Moderate negative —0.592
Average monthly pension Weak positive 0.271

GDP per capita Weak negative —0.213
Number of rides per day /1000 inhabitants Strong positive 0.872
Number of arrivals/1000 inhabitants Weak positive 0.386
Population density (proxy for level of urbanisation) Weak positive 0.194

Social determinants

Social indicators showed heterogeneous relationships with demand. The share of free
ticket holders among beneficiaries exhibited a moderate positive correlation (r = 0.525).
The share of pension beneficiaries demonstrated a weak positive association (r = 0.210).
In contrast, the proportion of personal car ownership among older adults displayed a
moderate negative correlation (r = —0.592), representing the strongest relationship within
the social indicators.

Economic determinants

Economic indicators demonstrated limited association with demand. Average pension
levels were weakly positively correlated (r = 0.271), while GDP per capita showed a weak
negative relationship (r = —0.213).

Service and spatial determinants

Service-related indicators showed the strongest associations. The number of IJPP
rides per 1000 inhabitants exhibited a strong positive correlation with demand (r = 0.872),
representing the highest observed relationship among all indicators. Tourism activity
showed a close to moderate positive association (r = 0.386), while the level of urbanisation
exhibited a weak positive correlation with demand (r = 0.194).

5. Discussion

The results indicate substantial regional variation in fare-free public transport demand,
suggesting that usage intensity is not uniformly distributed across the national system.
While the analysis is based on bivariate relationships, the results allow for the identification
of key structural determinants associated with demand. The results are broadly consistent
with findings reported in previous studies on public transport demand and fare-free
policies, particularly regarding the role of service provision, car ownership and structural
conditions [24,25,30,32].

The strong positive association between service supply and demand (r = 0.872) sug-
gests that the availability of public transport plays a central role in enabling fare-free
usage. Regions with higher service provision tend to exhibit higher usage intensity [24,25].
The analysis does not account for qualitative aspects of service provision (e.g., reliability,
comfort), which may also influence observed demand and require further investigation.

The moderate negative relationship between car ownership and demand (r = —0.592)
suggests a substitution effect between private and public transport [11,22,25]. This relation-
ship may also reflect unobserved factors such as spatial accessibility or lifestyle preferences,
which are not captured in the current dataset.

In contrast, economic indicators show weak associations with demand, indicating that
income-related factors play a limited role once financial barriers to public transport use
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are removed [25,30,31]. Further research is needed to assess whether this pattern remains
consistent across different temporal and spatial contexts.

The weak relationship between population density and demand suggests that urban—
rural structure alone does not explain differences in usage intensity. The use of population
density as a proxy represents a simplification, and more detailed spatial classifications
should be considered in future analyses. Similar findings emphasise that travel behaviour
is shaped by multiple interacting spatial and accessibility-related factors [4,19,20,35].

Taken together, these findings indicate that fare-free policy alone is insufficient to
explain regional variation in demand. Instead, usage intensity emerges from the interaction
between service supply, car ownership and broader structural characteristics [4,25,30,32]. In
the case of Slovenia, fare-free public transport demand appears to be structurally mediated
rather than uniformly induced by pricing changes.

Given the limited number of observations (1 = 12), the results should be interpreted
with caution and understood as indicative of structural patterns rather than statistically
generalisable relationships. Further research using longitudinal data and more detailed
spatial disaggregation would be required to confirm these relationships.

The analysis is subject to several limitations. First, the use of a four-month observation
period may not fully capture seasonal variation in travel behaviour. Second, the analysis
is based on aggregated regional data, which limits the ability to examine intra-regional
differences in service provision and accessibility. Third, the exploratory methodological
approach, based on bivariate relationships and a limited number of observations (N = 12),
restricts the ability to draw causal conclusions. In addition, smart-card validation data
reflect observed usage but do not capture trip purpose, unmet travel demand, or the
distribution of usage among individual users. These limitations should be considered
when interpreting the results and highlight the need for further research using longitudinal
and more disaggregated data.

6. Conclusions

This study provides a nationwide empirical assessment of fare-free public transport
demand by combining smart-card validation data with structural regional indicators. The
findings demonstrate that while fare-free pricing expands access to public transport, it does
not automatically translate into increased usage across regions.

Rather than acting as a standalone driver, fare-free policy functions as an enabling
condition, whose effectiveness depends on the broader structural context, particularly
service availability and accessibility. This highlights that pricing measures alone are
insufficient to achieve substantial shifts in travel behaviour without adequate service
provision.

From a planning perspective, the results suggest that fare-free policies should be
integrated with improvements in service supply and network accessibility to generate
meaningful and sustained demand effects. In this sense, the study contributes to a more
nuanced understanding of fare-free public transport as part of a wider system of interde-
pendent factors shaping mobility behaviour.

Although the analysis is based on Slovenia, the findings point to general mechanisms
that are relevant for other regions implementing similar policies, particularly the interaction
between pricing, service provision and spatial context.

Future research should extend the analysis longitudinally and incorporate more spa-
tially disaggregated data in order to examine the stability of observed relationships and
better capture variations in travel behaviour across different contexts.
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