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ABSTRACT

This paper analyses the behaviour of non-BRT users' selection and preference for the proposed BRT lines in
Karachi, Pakistan. The government proposed to implement Bus Rapid Transit (BRT) lines in the city of Karachi,
which is in the construction and planning phase. Formerly, Karachi's public transportation system was mainly
based on a local informal bus system. The preference survey was performed on three major locations in Karachi.
The non-BRT respondents were asked about the current attributes of the existing mode and the proposed BRT
system. This study aims to analyse attributes significant towards mode selection, like travel time, travel cost,
accessibility and number of transfers, using MNL. Existing literature lacks behavioural modelling of non-BRT
users in such megacities. The utility model in MNL developed in this study shows that travel time and number
of transfers are more valuable for non-BRT users, whereas accessibility and cost have a relatively less impact.
Sensitivity analysis also depicts that a slight increase in fare cost cannot affect the probability towards BRT. The
Multinomial Logit (MNL) model was applied to calculate the model's shift towards the proposed BRT service.
The results show that more than 50% of users are willing to shift from non-BRT services. The model and output
of this paper can be used to strengthen the planning and financial decisions of BRT projects and also increase the
demand for the proposed project by improving suggested attributes.

Keywords: Travel behavior modelling, multinomial model, preference survey, travel attributes

INTRODUCTION

In recent years, rapid urbanisation and population growth have greatly increased the demand for better
transportation in developing cities [20]. However, many metropolitan cities, including Karachi, are still suffering
from heavy traffic congestion and increasing dependence on private cars due to the lack of an efficient and
integrated public transport system [16]. Karachi is the largest metropolitan city and commercial hub of Pakistan,
with an estimated population of 16.9 million [17]. While Bus Rapid Transit (BRT) has been adopted on some
corridors in the city, a significant proportion of commuters still use informal non-BRT public transport services
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[21]. Such services are often associated with longer travel times, infrequent service, limited accessibility and
varying service quality, hence less attractive for daily commuters [11]. Thus, most commuters prefer to use
private vehicles where possible, while low-income groups are dependent on the existing public transport system
despite its limitations [2]. With the expansion of BRT services in Karachi, understanding the travel behaviour of
commuters using non-BRT corridors has become increasingly important [5]. However, there is limited evidence
on the factors influencing commuters' willingness to shift from conventional public transport to BRT services in
the local context [21]. Travel behaviour modelling gives a logical approach to analyse users' mode choice
decisions based on the attributes of the available travel alternatives [10]. Discrete Choice Models (DCM) have
been widely applied in transportation planning to evaluate travellers' preferences and predict the impacts of
proposed transport improvements [18]. Therefore, developing a mode choice model can provide insights for the
transportation planning process and help policymakers in designing public transport systems. [4].

The DCMs are based on the Random Utility Maximisation (RUM) theory, which states that travellers choose the
alternative mode of transport that gives them the highest level of perceived utility [6, 15]. Selection of an
appropriate discrete choice model depends on the attributes of the available alternatives, the nature of the
collected data and the goals of the study [4]. In view of the aim of the present work and the implementation of
the stated preference framework, the Multinomial Logit (MNL) model was adopted to study the preference of the
commuters between the existing non-BRT service and the proposed BRT alternative [18].

The development of a reliable mode choice model is dependent on the quality and type of data collected from the
selected respondents [14]. In transportation research, travel behaviour is typically analysed using either Revealed
Preference (RP) data or Stated Preference (SP) data [9]. RP data captures the real travel behavior of commuters
under the current situation, while SP data is gathered by presenting respondents with hypothetical travel scenarios
with varied combinations of service attributes [14]. The joint use of RP and SP data is a well-established approach
in travel behaviour research because it enhances the behavioural realism and predictive capability of discrete
choice models [13]. Therefore, the RP data collected from non-BRT commuters, together with the findings of the
pilot survey, were used to develop realistic SP choice scenarios, enabling the assessment of commuters'
preferences between the existing non-BRT service and the proposed BRT alternative under different travel
conditions.

Discrete choice models have been used in various studies to analyse the travel behaviour of commuters in various
transport scenarios [18]. Previous research has consistently shown that travel time, travel cost, access time, and
the number of transfers are among the most important factors driving mode choice decisions [7, 11]. Various
modelling techniques such as Binary Logit, Nested Logit and Multinomial Logit (MNL) have been successfully
used to estimate commuters’ preferences and assess the potential impacts of proposed transport policies and
infrastructure upgrades [4].

Several studies have specifically examined commuters' willingness to shift from conventional public transport to
BRT systems. Soomro et al. [21] found that travel time savings, service quality, and accessibility were key factors
influencing commuters' intention to use the Green Line BRT in Karachi. Similarly, Baig et al. [5] reported that
improvements in service quality and operational performance can encourage a greater shift towards BRT among
existing public transport users. Likewise, Altarifi et al. [4] demonstrated that travel time, access time, and
integration with other transport services significantly influence commuters' preference for BRT over conventional
public transport. These research presents the need to understand local travel behaviour before proposing
improvements to existing public transport systems. Therefore, the study of preferences of non-users of BRT in
Karachi may provide useful information regarding factors that lead to switching towards an proposed BRT service
[21].

The literature reviewed indicates that a lot of research has been done on modelling travel behaviour and mode
choice using discrete choice approaches [11]. However, there are few studies that specifically looked into the
travel preferences of commuters using the traditional non-BRT public transport in Karachi and their willingness
to switch to proposed BRT service [21, 5]. This research gap is sought to be filled by developing a mode choice
model based on the preferences of non-BRT commuters in this study.
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DATA COLLECTION

Mode choice behaviour modelling requires detailed information on commuters' travel characteristics and
preferences [6]. For this purpose, a structured questionnaire-based survey (QBS) was designed to collect data
from users of non-BRT public transport. The term non-BRT refers to conventional public transport services
operating without dedicated Bus Rapid Transit (BRT) infrastructure. These services formed the target population
of this research and are referred to collectively as non-BRT services throughout the paper.

Figure 1: Representative non-BRT public transport services (local buses and People's Bus Service) considered in
this study.

The questionnaire consisted of three main sections. The first section of QBS collected socio-demographic
information. The second part comprised current travel mode and trip characteristics, including current travel time,
travel cost, number of transfers, trip purpose, and overall satisfaction with the existing non-BRT service. The
third section examined commuters' willingness to shift from the existing non-BRT service to a proposed BRT
system. Pilot survey was conducted to identify any doubts in the questionnaire and help identify the real values
for SP survey. Make the necessary revisions before final data collection.

The survey was performed on three major non-BRT corridors in Karachi, namely Liaquatabad No. 10, Sindhi
Muslim Society (SMCHS), and Gulshan Chowrangi. Respondents were selected using a random sampling
approach, and a total of 160 valid face-to-face interviews were completed. Figure 2 presents the survey locations,
while Table 1 summarizes the distribution of respondents across the selected study sites. Each questionnaire have
6 SP scenario so collectively there are 960 data set to performe MNL modelling.

The collected Revealed Preference (RP) data were used to examine the existing travel behaviour of non-BRT
commuters. Based on the observed travel characteristics, Stated Preference (SP) choice scenarios were
subsequently developed to evaluate commuters' preferences between the existing non-BRT service and a
proposed BRT alternative, following the established RP—-SP framework commonly used in travel behaviour
research [13, 14].
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Figure 2 Survey locations selected for the revealed preference (RP) data collection in Karachi.
Source: Prepared by the authors using QGIS

Table 1 Distribution of respondents across the selected survey locations

Survey Location Number of Respondents (n) Percentage (%)
Liaquatabad No. 10 55 34.4
Sindhi Muslim Society (Tarig Road) | 52 32.5
Gulshan Chowrangi 53 33.1
Total 160 100

STATED PREFERENCE (SP) CHOICE DESIGN

The stated preference (SP) technique was adopted to examine commuters' preferences between the existing non-
BRT service and a proposed BRT alternative under different hypothetical travel conditions [13]. Four travel
attributes were considered in designing the choice scenarios, namely access time, total travel time, travel cost,
and the number of transfers, as these attributes were identified from the questionnaire and previous mode choice
studies [11]. Each scenario consisted of two alternatives: the existing non-BRT service and a proposed BRT
service with varying attribute levels, table 2. Respondents were asked to select the alternative they preferred for
each scenario. A total of six choice scenarios were developed and presented to the respondents to evaluate their
travel preferences. Each scenario presented respondents with two travel alternatives, the existing non-BRT
service and the proposed BRT service.
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Table 2 Attributes and levels used in the stated preference experiment

Attribute Levels
Access Time (min) 5, 10, 15
Total Travel Time (min) 30, 45, 60
Travel Cost (PKR) 80, 120, 160
Number of Transfers 0,172
g N\
ATTRIBUTE
Existing Non-BRT Service G Proposed BRT Service
m k Access Time
o o ® Travel Time ) )
10 min P s e 5 min
55 min n et 40 min
PKR 120 O Number of Transfers PKR 80
1 0
WHICH ALTERNATIVE WOULD YOU CHOOSE?
Alternative A Alternative B
(Existing Non-BRT Service) (Proposed BRT Service)

J

Figure 3 Example of a stated preference choice scenario comparing the existing non-BRT service and the
proposed BRT service based on four travel attributes.

STATISTICAL DATA ANALYSIS

The Revealed Preference (RP) survey data were first analysed to understand the travel characteristics of
commuters using the existing non-BRT public transport system. The observed travel patterns were then used to
define realistic attribute levels for the Stated Preference (SP) experiment. Unlike many previous studies that
mainly considered travel time and travel cost, this study also incorporated access time and number of transfers as
explanatory variables. Both attributes were selected directly from the RP survey to better represent the actual
travel conditions experienced by commuters on the selected non-BRT corridors in Karachi.

The RP survey showed that most respondents reached public transport within about 10 minutes, while longer
access times were reported less frequently. Similarly, one-way travel times of 30-45 minutes were the most
common. Most commuters spent less than PKR 300 on a one-way trip, and travelling with one transfer was the
most frequently observed travel pattern, followed by direct trips without any transfer. These findings provided
the basis for constructing the SP choice scenarios used in this study.

The estimated mode choice model confirmed that all four travel attributes influenced commuters' travel decisions.
However, their relative importance was not the same. Figure 4 summarizes the overall importance of the selected
travel attributes based on the survey findings and model results. The figure shows that number of transfers was
the most influential attribute affecting commuters' mode choice, followed by access time and travel time, whereas
travel cost had a comparatively smaller influence. These findings indicate that commuters are generally more
sensitive to additional transfers than to moderate increases in access time or travel cost. The inclusion of access
time also provides additional insight into commuter behaviour, as this attribute has received relatively limited
attention in previous mode choice studies despite its practical importance in accessing public transport services.
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Figure 4: Relative importance of the selected travel attributes based on the RP survey and MNL model results.

MODE CHOICE MODEL SPECIFICATION

The stated preference (SP) data collected from the questionnaire survey were analysed using a Multinomial Logit
(MNL) model to examine commuters' preferences between the existing non-BRT service and the proposed BRT
alternative. The MNL model is based on the Random Utility Maximization (RUM) theory, which assumes that
commuters select the travel alternative that provides the highest utility [6,15]. Model estimation was carried out
using the Maximum Likelihood Estimation (MLE) method in SPSS Statistics.

According to the RUM framework, the utility of an alternative consists of a systematic component and a random
error component and can be expressed as:

Un=Vn+en

where Un is the total utility associated with alternative n, Vn represents the systematic utility explained by the
observed travel attributes, and en represents the random error term.

The systematic utility is assumed to depend on the selected travel attributes and is expressed as:
Vn=B0+plACC+P2TT+B3FAR+PATRF

where ACC represents access time, TT is the total travel time, FAR denotes travel cost, and TRF represents the
number of transfers. The coefficients B1—-f4 measure the contribution of each attribute to commuters' utility,
while B0 is the Alternative-Specific Constant (ASC).

Since this study considers two travel alternatives, namely the existing non-BRT service and the proposed BRT
service, the same utility specification was applied to both alternatives by substituting the corresponding attribute
values for each mode. The estimated coefficients were subsequently used to evaluate the influence of the selected
travel attributes on commuters' mode choice behaviour.
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Table 3 Variables used in the mode choice model

Variable | Description Unit
ASC Alternative-specific constant (Existing Non-BRT) —
ACC Access time min
TT Total travel time min
FAR Travel cost PKR
TRF Number of transfers Count

RESULTS AND DISCUSSION
Estimated Model Results

The Multinomial Logit (MNL) model was estimated using the stated preference (SP) dataset developed for this
study. The dataset comprised 960 observations obtained from 160 respondents, with each respondent evaluating
six stated preference choice scenarios. Table 4 presents the estimated model coefficients and the associated
statistical indicators. The estimated coefficients indicate the influence of each travel attribute on commuters'
preference between the existing non-BRT service and the proposed BRT service.

Table 4 presents the estimated model parameters together with the corresponding statistical indicators. Among
the selected travel attributes, the number of transfers exhibited the largest absolute coefficient (f = —0.428),
indicating that it had the strongest influence on commuters' mode choice decisions. This was followed by access
time (B = —0.072), travel time (B = —0.034), and travel cost (B = —0.010). Based on the estimated coefficients,
commuters were considerably more sensitive to additional transfers than to changes in travel time or travel cost.
This suggests that minimizing transfers would have the greatest impact on increasing the attractiveness of the
proposed BRT service. Although travel time and access time also influenced commuters' choices, their effects
were comparatively smaller, while travel cost showed the least influence among the selected travel attributes.

The estimated model demonstrated satisfactory statistical performance. All explanatory variables were
statistically significant at the 95% confidence level (p < 0.001), indicating that the selected travel attributes
provide meaningful explanatory power for commuters’ mode choice behaviour. Furthermore, the estimated
McFadden's pseudo-R?value of 0.123 indicates an acceptable level of model fit for stated preference mode choice
analysis, confirming that the proposed model adequately captures the observed travel preferences.

Table 4 Estimated parameters of the proposed MNL model

Variable Coefficient () | p-value
Alternative-Specific Constant (ASC) -1.493 <0.001
Access Time (ACC) -0.072 <0.001
Travel Time (TT) -0.034 <0.001
Travel Cost (FAR) -0.010 <0.001
Number of Transfers (TRF) -0.428 <0.001

Table 5: Summary Statistics of the MNL Model

Statistic Value
Number of respondents 160
Number of observations 1,280
Choice scenarios per respondent 6
BRT choice share 64.9%
Non-BRT choice share 35.1%
McFadden's Pseudo-(R?) 0.123
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Table 6 Comparison of Estimated Utility Coefficients with Previous Mode Choice Studies

Study Study  [Model |[Travel |Travel |Access |Transfers |Key Findings
Area Time Cost Time (TRF)
(TT) (TC) (AT)
Chowdhury et|New MNL |- - — Negative |Additional transfers significantly
al. (2015) [7] |Zealand reduce public transport
preference.
Soomro et al.|Karachi, |Binary |Negative |Negative |[Negative |- Better accessibility and shorter
(2022) [21] Pakistan |Logit travel time increase commuters'
willingness to adopt BRT.
Ranjan & (India MNL |Negative |Negative |— - Travel time and travel cost are
Sinha (2024) significant  determinants  of
[18] commuters' mode choice.
Altarifi et al.|Amman, [MNL |Negative |Negative |- Negative |Service quality and transfer-
(2023) [4] Jordan related  attributes  strongly
influence commuters' travel
preferences.
This Study Karachi, [IMNL [-0.034 [-0.010 |—0.072 |—0.428 |Transfers have the greatest
Pakistan influence on commuters’ mode

choice, followed by access time,
travel time, and travel cost.

The comparison presented in Table 6 shows that the estimated coefficients obtained in this study are generally
consistent with those reported in previous mode choice studies, with all selected travel attributes exhibiting
negative effects on commuters' utility. However, an important distinction of the present study is that the number
of transfers emerged as the most influential factor affecting commuters' mode choice, followed by access time,
travel time, and travel cost. This indicates that commuters using non-BRT services in Karachi are more sensitive
to service convenience and journey continuity than to fare levels alone. The comparatively strong influence of
access time increases the importance of first-mile connectivity and convenient access to public transport station.
These outcomes suggest that future BRT planning should prioritize by minimizing transfers, improving feeder
services, and enhancing station accessibility alongside reducing travel time. Such enhancements are likely to
attracts a greater mode shift from conventional non-BRT services to the proposed BRT system. Furthermore, the
estimated McFadden's pseudo-R? value of 0.123 indicates an acceptable model fit for stated preference mode
choice analysis and is comparable to values commonly reported in the travel behaviour literature [6], [18].

Mode Choice Probability Analysis

The estimated Multinomial Logit (MNL) model was further used to evaluate commuters' probability The
estimated Multinomial Logit (MNL) model was further used to estimate the probability of commuters choosing
the proposed BRT service over the existing non-BRT service. Based on the estimated utility functions, the choice
probability for each alternative was calculated using the Multinomial Logit probability function:

eV

i T =
Zj . EEJ

Where, Pi is the probability of selecting alternative i, Vi is the systematic utility of specific alternative, and J is
the set of available travel modes.

Overall, 64.9% of the predicted choices favored the proposed BRT service, whereas 35.1% of the choices
remained with the existing non-BRT service. The higher probability of chossing the proposed BRT service is due
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to lower access time, shorter travel time, reduced travel cost, and fewer transfers. Futhermore, improvement in
service quality can also increase the attractiveness of BRT service.
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Figure 5 Predicted mode choice probabilities between the existing non-BRT service and the proposed BRT
service.

The results indicate that commuters exhibit a clear preference for the proposed BRT service with improved
attributes. The relatively higher probability of selecting BRT demonstrates the potential of an efficient mass
transit system to attract existing non-BRT users which is higly effective for the policy maker to plan accordingly.

Sensitivity Analysis

Sensitivity analysis is a common method in discrete choice modelling to understand how changes in individual
variables affect the probabilities of predicted choice, whereas all other variables are constant. It provides a
practical way to assess the relative importance of different travel attributes and to evaluate the behavioural
response of commuters to potential policy and service upgradation. This approach has been widely applied in
Multinomial Logit (MNL) mode choice studies to investigate the impact of changes in travel time, travel cost,
and other service attributes on mode choice decisions [8, 18].

For this study, a sensitivity analysis was performed by varying one travel attribute at a time while holding the
remaining attributes constant. The predicted probability of selecting the proposed BRT service was recalculated
after each change using the estimated MNL model. The results are presented in Figure 5.

The analysis shows that travel time and the number of transfers have the strongest influence on commuters' mode
choice. A reduction in travel time and the number of transfers shows a noticeable increase in the predicted
probability of choosing the proposed BRT service. In addition, similar but relatively smaller effect was observed
for access time, where shorter access times increased the likelihood of selecting the proposed BRT service.
Besides, travel cost also influenced traveler decisions, but having less impact than of travel time and transfers.
Its shows that most of the user are willing to pay slightly higher fare cost without compromising travel time and
number of transfer attributes.

Overall, the sensitivity analysis confirms that improvements in travel time, service accessibility, and route
connectivity are likely to produce a greater shift towards the proposed BRT service than fare reductions alone.
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Figure 6: Sensitivity analysis showing the effect of access time, total travel time, travel cost, and the number of
transfers on the predicted probability of choosing the proposed BRT service

CONCLUSIONS

This study examined commuters' mode choice behaviour between the existing non-BRT service and a proposed
BRT service using a stated preference (SP) and revealed approach (RP) surveys. Survey was conducted on three
major junction at Liaquatabad No. 10, Sindhi Muslim Society, and Gulshan Chowrangi. Four travel attributes
access time, travel time, travel cost, and the number of transfers were identified for the development of the SP
experiment. These attributes were used to developed the MNL model to evaluate commuters' travel preferences.

The estimated model results indicate that all four travel attributes significantly influence travel mode choice
selections. The estimated coefficients exhibited the expected negative signs, indicating that increases in access
time, travel time, travel cost, and the number of transfers reduce the probability of selecting a travel alternative.
The transfers variable having he biggest impact on transoport user travel choices among the other selected
variables, followed by trip time and access time. Travel expenses, on the other hand, had very less impact
relatively.

The probability analysis shows that the proposed BRT service achieved a predicted choice share of 64.9%,
indicating a considerable potential shift from the existing non-BRT system with improved travel attributes. The
sensitivity analysis further confirmed that reducing travel time and lesser transfers noticeably increase the
attractiveness of the proposed BRT service.

The findings of this study highlight the importance of operational variables efficiency, reducing unnecessary
transfers, and enhancing accessibility, while designing and planning future BRT corridors in the study area. These
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improvements make the transportation towards more sustainable transportation mode. This study also encouagre
and strengthen the policy maker and other stakeholder to quicly implement the proposed BRT project. Probability
also suggest that the project is a long waited service for tranport user in last three decades.

Although the present study considered four major travel attributes, future research may incorporate additional
factors such as service reliability, comfort, waiting time, and socio-economic characteristics further to improve
the predictive capability of the proposed model. The modelling framework developed in this study can also be
applied to evaluate future public transport projects and support evidence-based transportation planning in
Karachi.
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