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ABSTRACT

Bali is experiencing increasing traffic congestion, growing travel demand, and rising
environmental pressures, which highlight the need for more sustainable transport solutions.
The planned urban rail system is expected to play a significant role in addressing these
challenges as an alternative mode with lower environmental impacts. Understanding how
environmental attitudes influence passenger behaviour is therefore important in assessing the
potential acceptance of the system among different user groups. This study aims to examine
how environmental influence passengers’ willingness to pay (WTP) and their priority for using
Bali’s urban rail system. In particular, the research explores whether higher environmental
awareness encourages a stronger preference and whether there are behavioural differences
among residents, domestic tourists, and international tourists on the proposed service.A stated
preference (SP) survey hence conducted both online and on-site between June and July 2025,
bring in 1,186 valid responses. Ordered logit models were applied to analyse the determinants
of urban rail priority and WTP, incorporating socio-demographic characteristics, trip attributes,
travel costs, and levels of environmental awareness.The findings indicate that the factors
shaping urban rail priority differ across groups. Residents are primarily influenced by trip-
related characteristics, while domestic tourists are affected by a broader range of socio-
demographic factors. International tourists exhibit similar sensitivities but with a stronger
emphasis on environmental considerations. Higher environmental awareness generally
increases the likelihood of prioritising urban rail, although this effect is statistically significant
mainly for international tourists. WTP results show that approximately 75% of respondents are
willing to pay more than the baseline fare suggested from previous feasibility study. While cost
remains the dominant determinant of WTP, environmental attributes play more role for
international tourists.
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1. INTRODUCTION

As one of the world’s leading tourism destinations, Bali is increasingly challenged with
severe transport-related problems. Persistent traffic congestion is particularly evident in the
southern urban areas, where travel demand is concentrated. Daily mobility on the island is
overwhelmingly reliant on private motorcycles and cars [1], while public transport services
remain limited in coverage and usage. This heavy dependence on private vehicles has
contributed not only to deteriorating traffic conditions but also to escalating carbon emissions
and declining air quality. In response to these challenges, the local government has proposed
the introduction of an urban rail system as part of a broader strategy to reduce reliance on
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private vehicles and enhance urban mobility [2], The initial phase of the proposed system is
planned to connect key activity centres, beginning with I Gusti Ngurah Rai International
Airport.

Numerous studies have examined rail-related issues in Bali from various viewpoints,
including economic feasibility [3], technological alternatives [4], passenger demand modelling
[5], public transport mode choice [6], and geological feasibility [7]. However, despite this scale
of research, limited attention has been given to the influence of environmental factors and to
behavioural differences across distinct traveller groups. To close the gaps, this study aims to
analyse passenger preferences regarding priority and willingness to pay (WTP) for Bali’s
planned urban rail system, with particular emphasis on the role of environmental awareness in
shaping travel decisions. The analysis considers three user groups, local residents, domestic
tourists, and international tourists who have visited, are currently visiting, or intend to visit Bali.
The scope is on short urban trips of approximately 4 km, representative of typical commuting
and tourist travel. The study is based on stated preference (SP) survey, where the data collected
through online and on-site questionnaires between June and July 2025. Comparisons are made
between urban rail and existing transport modes in Bali, with assumed operating characteristics
and emission factors from relevant sources. Issues related to financing, engineering design,
construction, and system operations are beyond the scope of this study.

2. THEORY AND METHODS
2.1 Stated Preference

Stated Preference (SP) techniques are frequently applied to explore travel behaviour by
examining how individuals trade off different attributes when selecting transport modes. For
example, Irawan [8] used SP surveys to analyse user preferences between public buses and
motorcycle-based ride-hailing (MBRH) services in Yogyakarta, while their subsequent study
in 2023[9] employed SP to investigate MBRH drivers’ behavioural intentions and perceptions
related to risky actions while driving. Despite its widespread use, SP has several shortcomings,
including the possibility that estimated WTP may fall short of real implementation costs,
vulnerability to external influences, and limited transferability across contexts due to
differences in socio-demographic conditions and transport systems [10]. Within this research,
SP is utilised to examine passenger preferences and WTP for Bali’s proposed urban rail system,
focusing on the role of environmental awareness, socio-demographic factors, and trip
characteristics to produce context-specific evidence that can support sustainable transport
policies and encourage higher rail ridership.

2.2 Discrete Choice Modelling

Discrete Choice Modelling (DCM) refers to a class of statistical methods used to examine
and forecast individual choices among a limited number of discrete and mutually exclusive
alternatives [11]. In transportation research, DCM is extensively applied to understand mode
choice behaviour based on the attributes. The fundamental principle of DCM is derived from
random utility theory, where the utility (U,,;) that individual (n) associates with alternative (i)
(Eq. 1).

Uni = Vi + €n (1

where V,,; represents the systematic, observable component of utility determined by
measurable factors, and &,; captures unobserved influences. Choice behaviour is modelled
under the assumption that individuals select the alternative yielding the highest utility.
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Previous transport studies have widely applied discrete choice models to analyse mode
choice behaviour, with the multinomial logit (MNL) model commonly used for evaluating
choices among multiple alternatives, such as Buehler’s [12] cross-country study of mode
choice determinants and Rizki et al.’s [13] analysis of electric vehicle adoption among tourists
in Bali. In contrast, when behavioural outcomes are ordinal, ordered logit models have been
shown to be more appropriate, as demonstrated by Waluyo et al. [14] in their study of electric
motorcycle adoption among ride-hailing drivers. The ordered logit model, is commonly used
to analyse ordinal dependent variables, where categories follow a natural order, but the
intervals are not explicitly defined [15]. The model expresses the probability that the response
variable (Y) falls within a specific category (j) or any lower category, using a cumulative logit
function (Eq. 2).

exp(a;+X;B;)
1+[exp(a;j+X;B))]’

P, >j) = =12,...M—-1 )
where a; denotes threshold parameters (cut-points), X; is a vector of explanatory variables, and
p; associated as coefficient vector.

These studies highlight the importance of selecting model structures that align with the
nature of the dependent variable, providing methodological guidance for analysing ordered
preferences and WTP in transport research.

2.3 Demand Curve Approaches

Demand theory explains the relationship between the price of a good or service and
consumers purchasing behaviour. It suggests that a reduction in price generally leads to an
increase in the quantity demanded, whereas a price rise tends to result in lower demand. This
negative relationship between price and quantity is commonly illustrated by a demand curve
that slopes downward from left to right. The demand curve represents the levels of consumption
that buyers are both willing and able to achieve at various price points, under the assumption
that other influencing factors remain constant (ceteris paribus) [16]. The standard demand
curve is typically represented as a mathematical relationship between price and quantity
demanded (Eq. 3).

Qa=a~—bP 3)

where Qg is the quantity demanded, P for the price, a is intercept or maximum quantity
demanded when price is zero, and b is slope of the demand curve or rate at which demand
decreases as price increases.

2.4 Study Methods

This study adopts a stated preference (SP) approach to analyse passenger mode priority
and willingness to pay (WTP) for Bali’s planned urban rail system. It began with the
development of a structured research plan and timeline, which incorporated the questionnaire
design process. The survey instrument was structured into sections covering socio-
demographic information, travel behaviour, environmental awareness, and SP choice scenarios.
During preparation, risk assessment was also conducted to make sure the study run smoothly.
The sample size was determined to achieve a 95% confidence level (required a minimum of
384 respondents for each category). Data were collected through a combination of online and
on-site surveys at selected locations (airport and tourist attraction area), alongside appropriate
ethical considerations. Secondary data on fares and emission factors were obtained from
published sources and previous feasibility study from Korea Export-Import Bank [17].
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Continuing with processing and analysing part, collinearity diagnostics were conducted prior
to regression part to make sure no violation occurred. Ordered logit models were then estimated
separately for residents, domestic tourists, and international tourists to capture group-specific
behavioural differences. Finally, demand curve analysis was performed to examine fare
sensitivity and the role of environmental valuation, with findings incorporated with existing

literature and industry practice.
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Figure 1. Study Methodology

3. RESULTS AND DISCUSSION

This analysis observes a total of 1,186 set responses, with resident total of 410, domestic
391, and international tourist 385 respondent. Before the analysis in specific began, collinearity
diagnostics (Table 1) was done, and the result show all predictors have VIF values below 5,
the commonly accepted threshold [18], and tolerance above 0.8, indicating no multicollinearity
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concerns and confirming that all predictors can be included reliably in the regression model.

Table 1. Collinearity Diagnostics

Resident Domestic International
Collinearity Statistics VIF Tolerance VIF Tolerance VIF Tolerance
age group 1.22 0.817 1.14 0.876 1.10 0.909
income 1.15 0.870 1.17 0.851 1.11 0.899
employment 1.20 0.836 1.17 0.857 1.10 0.908
trip_companion 1.07 0.938 1.07 0.939 1.05 0.956
trip_duration 1.19 0.840 1.18 0.847 1.08 0.929
trip_purpose 1.10 0.908 1.07 0.931 1.05 0.952
first prio 1.03 0.970 1.06 0.947 1.06 0.946
env_awareness 1.07 0.934 1.11 0.897 1.16 0.864
env_influence 1.10 0.911 1.15 0.873 1.23 0.813
wtp 1.05 0.956 1.05 0.950 1.08 0.924
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3.1 Urban Rail Priority

The ordered logistic regression results indicate distinct behavioural patterns across user
groups, despite generally modest explanatory power. For residents (Table 2a), the model is
statistically significant overall but explains a relatively small share of variance (pseudo-
R2,=0.05), suggesting that urban rail priority among locals is influenced by factors beyond
those captured in the model. Trip-related characteristics dominate, with routine travel purposes
such as work, personal visits, and leisure being associated with higher urban rail priority, while
preference for travelling specifically in a group or alone reduces the likelihood of prioritisation.
This highlights the importance of contextual travel needs in shaping residents mode preferences.
In contrast, the domestic tourist model (Table 2b) demonstrates stronger explanatory
performance (pseudo-R%=0.11; p<0.001), indicating more consistent and structured
preferences. Older age groups, higher income levels, and formal employment or student status
are associated with a greater likelihood of prioritising urban rail, reflecting the role of socio-
economic stability in shaping tourist travel behaviour.

For international tourists (Table 2c), the model also achieves a statistically significant fit
with an acceptable explanatory level (pseudo-R?,=0.10). While age, income, and employment
status remain relevant, environmental awareness clearly emerges as the most influential factor,
with environmentally concerned tourists being more than three times as likely to prioritise
urban rail. This underlines the stronger role of sustainability considerations among
international visitors, distinguishing them from residents and domestic tourists, for whom cost
and trip-related factors remain more dominant.

Table 2. Significant Predictors for Urban Rail Priority on (a) Resident, (b) domestic tourist, (c)
international tourist

(a) ()
Model Coefficients - prio_urbanrail (RESIDENT) Model Coefficients - prio_urbanrail (INTERNATIONAL)
Predictor Estimate p OR Predictor Estimate P OR
trip_companion: 280 _group:
|nd|\.r|dijal B no—fpreference g;?; gg;g ggg; midaged-adults — older-adults -1.236 0.002 0.291
_ Broup—no-preference o ’ ’ young-adults —older-adults -1.198 0.003 0.302
trip_purposel: income:
persffa"‘”s::t_ ‘i;ents"’ther é;i; 8'382 i'g‘l‘g high — low 0.673 0.040 1.960
work—events-other ' ' ' mid —low 0.501 0.044 1.651
leisure — events-other 0.615 0.041 1.849 | )
Resident n—410; RN=0.0475, y’=37.43; df=22; p-.021 employment:
i : X il s P~ self-employed — retired-other 0.909 0.016 2.481
(b) student — retired-other 0.929 0.033 2.532
employed —retired-other 0.782 0.020 2.185
Model Coefficients - prio_urbanrail (DOMESTIC) env_awareness:
Predictor Estimate p  OR very-concerned—not- 1.770 <.001 5.870
concerned
age_group: moderately-concerned — not-
older-adults —young-adults 1.587 0.011 4.889 concernedy 1.895 <.001 6.655
. mld.aged—adults —young-adults 0.473 0.054 1.606 slightly-concerned — not- 105 0025 3000
|ncon.1e. concerned ' ' '
high —low 0.736 0.022 2.088 International =385, RIN=0.1046, y’~63.4, df=22; p<.001
mid —low 0.823 0.005 2.277

employment:
retired-other — self-employed 1.351 0.004 3.863

gov-corp_employed — self- 1231 0.001 3.423

employed

student — self-employed 1.090 0.022 2.974
trip_purposel:

events-other —work -1.018 0.025 0.361

Domestic n=391; R°N=0.1112; y*=66.8; df=22; p<.001
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While Table 2 shows that environmental attributes are statistically significant only for
international tourists, indicating that this group is more sensitive to environmental
considerations when prioritising urban rail, however, the behavioural implications of this
significance are not immediately apparent from the table alone. Therefore, Figure 2 provides
additional insight by presenting the proportion of respondents assigning urban rail as non-
priority, second priority, and first priority across different levels of environmental awareness,
where the results could help clarify the behavioural pattern underlying the statistical findings.
The results in general (Figure 2) indicate a clear positive relationship between environmental
awareness and the likelihood of selecting urban rail as a first-priority mode. However, this
relationship is less consistent for secondary priority choices, where the distribution of responses
appears more dispersed, suggesting that factors other than environmental awareness may play
a more dominant role in shaping secondary priority decisions. In addition, a substantial
proportion of residents classify urban rail as a non-priority option, which is likely justified to a
strong dependence on private vehicles. Consequently, even among individuals with some
degree of environmental awareness, habitual reliance on private transport may limit the
perceived relevance of urban rail.
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Figure 2. Urban Rail Priority Based on Environmental Awareness (a) Resident, (b) Domestic
Tourist, (c) International Tourist
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3.2 Willingness to Pay

For the average willingness to pay, a study from Korea Export-Import Bank [17] is used
as the initial fare reference. The results indicate that residents are willing to pay an average fare
of Rp9,104, while domestic tourists exhibit a slightly lower average WTP of Rp8,958. In
contrast, international tourists, who were presented with a different proposed fare scheme,
show a substantially higher average willingness to pay of Rp37,143. A more detailed
distribution of these values is presented in

WTP (RESIDENT & DOMESTIC TOURIST) WTP (INTERNATIONAL TOURIST)

32.93%

29.61%
28.39%
24.88% 24.68% 24.42%

25.06% .
23.17% 23.02% _—"2aseu 21.30%

proportion

19.02%

12500 10000 7500 5000
fare (Rp)

proportion

45000 40000 35000 30000

m@m— domestik resident fare (Rp)

(2) (b)
Figure 3, where it can be seen that approximately 75% of respondents are willing to pay
more than the baseline fare of Rp5,000 and Rp30,000.

WTP (RESIDENT & DOMESTIC TOURIST) WTP (INTERNATIONAL TOURIST)
32.93%
\ 20.61%
28.39%
é 25.06% P e 3 o 24.68% 24.42%
% 23.17% . / 23.53% § -
e 19.02% g
12500 10000 7500 5000
fare (Rp)
45000 40000 35000 30000
e—g= domestik resident fare (Rp)
(a) (b)
Figure 3. Willingness to Pay Chart for (a) Resident and Domestic Tourist, (b) International

Tourist

To assess the influence of environmental attributes on willingness to pay, the analysis
focuses on predictors related to environmental factors and cost as seen in Table 3. The results
indicate that, overall, cost is a significant determinant across all respondent groups. Among
residents, cost priority significantly affects WTP, with respondents placing no priority on travel
cost, are more than twice likely to pay higher fares (OR=2.149, p=.001). Environmental
awareness is also significant, as those slightly (OR=0.372, p=.008) or moderately concerned
(OR=0.663, p=.046) about environmental issues are less willing to pay compared to highly
concerned respondents, although the odds ratios are modest. The model itself is significant,
although it explains limited variance (pseudo-R%*=4.74%). For domestic tourists, the model is
also significant with better variance explained (p<.001; pseudo-R*=7.67%), with income
positively associated with WTP (=1.6 times higher), while cost priority shows a significant
relationship. Environmental influence is also as significant, as respondents, though with small
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odds ratios, whereas environmental awareness is not significant despite a positive trend. For
international tourists, the model remains significant with the highest explanatory power
(p<.001; pseudo-R?*=9.69%), and both economic and environmental predictors are important,
with environmental awareness emerging as the strongest factor; higher income increases WTP,
while prioritising cost reduces the likelihood of paying more.

Table 3. Significant Predictors for WTP on (a) Resident, (b) domestic tourist, (c)

international tourist
Model Coefficients - wtp (DOMESTIC)

Model Coefficients - wtp (RESIDENT) Model Coefficients - wtp (INTERNATIONAL)

Predictor Estimate p OR Predictor Estimate p OR Predictor Estimate p OR
income: income: income:

high —low 0.0558 0.821 1.057 high —low 0.473 0.057 1.605 high — low 0.903 0.002 2.467

mid — low 0.3552 0.086 1.426 mid — low 0.475 0.032 1.608 mid —low 0.661 0.002 1.936
prio_cost: prio_cost: prio_cost:

0-2 0.7651 0.001 2.149 1-0 -0.83 <.001 0.436 1-0 -0.549 0.023 0.577

1-2 0.3298 0.251 1.391 2-0 -0.966 <.001 0.38 2-0 -0.825 0.003 0.438
prio_environment: prio_environment: prio_environment:

0-2 0.8867 0.245 2.427 1-0 0.54 0374 1716 1-0 0.306 0.453 1.358

1-2 0.9197 0.312 2.508 2-0 0.932 0.444 2.539 2-0 1.094 0.026 2.988
env_awareness: env_influence: env_influence:

not-concerned — very- maybe —yes -0.609 0.004 0.544 yes—no 0.139 0.763 1.149

concerned 03809 0.674  0.683 no —vyes -0.995 0.029 0.37 maybe — no -0.413 0331 0.662

slightly-concerned — env_awareness: env_awareness:

ve?’y—c\imcemed 09876 0.008 0.373 ;ery—concemed—not— ;ew-concemedfnot-

0.833 0.309 2.3 1.235 0.007 3.439

moderately-concerned concerned concerned

— very-concerned 04115 0046 0.663 moderately-concerned moderately-concerned

: 0.687 0.386 1.987 1.445 <.001 4.244
env_influence: - not-concerned — not-concerned

no-—yes -0.7269 0.104 0.483 slightly-concerned — slightly-concerned —

maybe — yes 03683 0.067 0692 o concerned 0.514 0517 1.672 o concerned 0.805 0.032 2.448

Resident n=410; R*N=0.0474; x*=38.9; df=11; p=.<.001

Resident n=391; R’N=0.0767; y*=61.1; df=11; p=.<.001

Resident n=385; R*N=0.0969; x*=76.2; df=11; p=.<.001

(@

(b)

©

To illustrate the relationship specifically between WTP and environmental attributes,
Figure 4 is presented as follows. Across all respondent groups, a broadly consistent pattern
emerges, where higher environmental awareness is associated with greater willingness to pay
for urban rail, although the magnitude of this effect differs between groups. Notably, for
international tourists, despite the relationship being statistically significant, the moderately
aware and highly aware categories exhibit some fluctuations, suggesting that additional factors
may also influence their WTP behaviour at those rates of environmental awareness.
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Figure 4. WTP in Relation with Environmental Awareness on (a) Resident, (b) Domestic
Tourist, (c) International Tourist

3.3 Discussion

Based on findings at section Error! Reference source not found. and Error! Reference
source not found., it could be imply that fare policy will be critical in shaping demand, either
with segregated pricing, simplified ticketing, or targeted fare strategies, offering a potential
enhance to ridership particularly when complemented by environmental messaging, as proven
by previous studies [19, 20, 21, 22]. However, environmental awareness alone is insufficient
to explain mode priority and WTP, as secondary priorities and non-linear patterns suggest the
influence of additional factors. As this study is subject to limitations related to survey duration,
sample representativeness, and model explanatory power, indicating the need for future
research incorporating longer data collection periods, additional predictors, and alternative
modelling approaches. Furthermore, emerging transport alternatives in Bali, such as new
airport developments and water-based services, may influence future demand and should be
integrated into subsequent analyses to better inform urban rail planning and policy.

4. CONCLUSIONS

In conclusion, the findings show that environmental awareness does influence both
prioritisation and willingness to pay for Bali’s planned urban rail, although the extent differs
across user groups. From 1,186 responses, ordered logit results show relatively low but could
be accepted explanatory power with clear behavioural distinctions, where environmental
awareness emerging as the strongest predictor for international tourists. Demand patterns
further indicate that higher environmental awareness generally increases first-priority selection,
while residents remain constrained by private vehicle dependence. In terms of willingness to
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pay, approximately 75% of respondents are willing to pay above the baseline fares, with
average WTP reaching Rp9,104 for residents, Rp8,958 for domestic tourists, and Rp37,143 for
international tourists. Overall, cost attribute remains a dominant determinant, yet
environmental factors also contribute, especially for international tourists. These results suggest
that while pricing strategies must remain cost-sensitive, integrating environmental awareness
could enhance acceptance and support segregated fare policies to maximise ridership and
revenue potential for Bali’s urban rail system.
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