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Abstract

Rapid urbanization and an increase in private vehicle ownership in India's major cities have contributed to increased traffic congestion, 

pollution, and accidents. These challenges could be addressed in part by encouraging commuters to use public transport instead 

of private vehicles. The integration of different transport systems would be essential for increasing the utilization and efficiency 

of public transportation. It is essential to evaluate the existing level of integration among various transport systems to improve it. 

Consequently, the objective of this research is to adapt a methodology for evaluating the existing level of integration between metro 

and feeder buses while keeping sustainability as a goal. For evaluation, 18 sustainable transportation indicators were considered. 

To estimate the Sustainability Integration Index (SII) value, data were collected from transport hubs and nearby bus stops in Bengaluru, 

India. The multi-criteria method was used for the homogenization of transportation indicators. Based on the expert opinion survey, 

additional appropriate weights were obtained for each indicator, and the final SII value for selected metro stations was estimated 

in the range of 0 to 100. The adapted methodology was used to evaluate three transport policies in Bengaluru city relating to the 

integration of metro and feeder bus services. According to the analysis, the policy of increase in bus frequencies had the highest SII 

value, with an average increase of 4.97%, followed by policies of relocating bus stops and single ticketing systems, which had average 

increases of 3.49% and 4.58%, respectively.

Keywords

sustainability, metro station, feeder buses, transport policies

1 Introduction
1.1 General
The rapid urbanization of developing countries is posing 
a variety of challenges, particularly in the sector of trans-
portation, such as adverse environmental effects caused 
by increasing vehicle emissions, excessive consumption of 
fossil fuels, and so on. These challenges could be addressed 
in part by encouraging commuters to use public transport 
instead of private vehicles. Due to concerns about trans-
port utilization, all developing countries are adopting 
a new trend for planning and implementing an integrated 
public transport system. Global trends toward planned and 
integrated public transport system development have been 
influenced by promoting public transportation as a via-
ble alternative to private vehicles (Matas, 2004; Ülengin 
et al., 2007). In general, integration refers to having the 
ability to use a local or regional public transportation net-
work regardless of mode of transportation, tariffs, fares, 

timetables, ticketing procedures, and so on. Integration 
of transportation systems is required to enhance comfort, 
travel cost, and trip time (Kutz, 2004). Transportation sys-
tems can be integrated in terms of operational, physical, 
and fare aspects (Dhingra, 2008). As part of operational 
integration, routing, itineraries, and frequencies must be 
coordinated. Fare integration refers to the use of the same 
media (such as paper or electronic fare cards) to authen-
ticate payment. Due to institutional, legal, and economic 
constraints, the transport service is provided without 
coordination by various government agencies (such as 
buses, trains, and metros), commercial operators, and 
private operators. From this perspective, making public 
transportation more accessible may induce some people to 
use it. Consequently, increasing the use and effectiveness 
of public transportation would rely greatly on the inte-
gration of various transport systems. Understanding and 
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evaluating the integration between these systems, as well 
as examining the practicality of new plans for integrat-
ing existing public transportation systems, are critical for 
resolving integration difficulties between mass transit sys-
tems (Errampalli et al., 2020).

The integration of different public transport modes, 
including metro systems, buses, trams, and feeder ser-
vices, is a widely documented challenge experienced by 
cities around the world. Rapid urban development and 
the growing use of private vehicles have contributed to 
fragmented networks that often lack effective connec-
tions in terms of operations, infrastructure, and fare sys-
tems. For example, studies in Europe have pointed out that 
inconsistent scheduling and the absence of unified ticket-
ing continue to limit seamless travel across modes (Kolak 
et al.,  2011). In Latin America, research in São Paulo 
revealed that adopting integrated fare policies led to signifi-
cant increases in public transport ridership, demonstrating 
the value of coordinated planning (Hidalgo, 2009). North 
American evidence also indicates that multimodal inte-
gration improves access and supports sustainability objec-
tives by decreasing dependence on private cars (Mihyeon 
Jeon and Amekudzi, 2005). Within India, similar patterns 
have been observed, with cities such as Delhi encounter-
ing challenges like weak coordination among operators 
and limited last-mile connectivity between metro stations 
and buses (Errampalli et al., 2020). These examples make 
clear that transport integration is not solely an issue in 
India but rather a global concern requiring locally tailored 
strategies. The present research contributes to this inter-
national discourse by examining integration in Bengaluru 
as an  illustrative case of a growing metropolitan area 
working toward more sustainable mobility.

1.2 A sustainable perspective on public transportation
The sustainable development concept gained popularity in 
the 1970s due to extensive media coverage (Beatley, 1995). 
The commonly used definition emphasizes transporta-
tion that meets current needs without compromising the 
ability of future generations to meet their own needs. 
This concept emphasizes the significance of considering 
the present and the future, as well as the long-term con-
sequences of current actions that might not be immedi-
ately obvious. Sustainability is the study of the interaction 
between social, economic, and environmental systems at 
various spatial scales, either benefiting or harming one 
another. Sustainable planning involves finding long-term 
solutions to achieve economic, social, and environmental 

goals by enhancing system efficiency, without necessarily 
requiring trade-offs between these objectives (Litman and 
Burwell,  2006). When comparing door-to-door mobil-
ity between private and public transport, public trans-
port is clearly at a disadvantage. The present status of 
transportation, particularly the widespread usage of pri-
vate vehicles in cities, creates difficulties in achieving 
long-term levels of economic, social, and environmen-
tal resilience. As  a  result, one of the key sustainability 
goals is to reduce the usage of private vehicles in urban 
areas (Batterbury,  2003). Public transportation emerges 
as a potential alternative for achieving sustainability, 
as it offers higher occupancy rates for energy consumption 
and generates lower overall emissions compared to pri-
vate vehicles. Enhancing the operational efficiency of pub-
lic transportation and encouraging greater utilization can 
contribute to sustainability goals (Vassallo et al., 2012).

The primary objective of this study is to apply an exist-
ing methodology with modified indicators for evaluating 
the existing level of integration between metro rail and 
feeder buses to achieve sustainability. For assessing and 
evaluating the integration of feeder buses and metro rail, 
a total of 18 sustainable transportation indicators were 
used. The existing sustainability index of integration 
levels between the metro rail and feeder bus services in 
Bengaluru city has been analyzed using the adopted meth-
odology. The evaluated integration levels are presented 
by Sustainability Integration Index (SII) values ranging 
from 0 to 100. Bengaluru city transportation hubs such 
as Baiyappanahalli Metro Station, Mejastic Metro Station, 
and Yeswantpur Metro Station operated by Bangalore 
Metro Rail Corporation Limited (BMRCL), and nearby 
feeder bus stops operated by Bengaluru Metropolitan 
Transport Corporation (BMTC) were chosen as study area 
for data collection.

2 Literature review
2.1 Public transport sustainable indicators
Researchers suggested the concepts of a sustainable trans-
port and land use system, as well as the goals that would 
serve as a framework for selecting relevant performance 
indicators, after a thorough review of the literature (Black 
et al., 2002). The paper enlisted several indicators that 
contribute to less sustainable growth in developing coun-
tries, including shifting urban patterns, motorization, 
global urbanization trends, dependency on personal 
vehicles, and  declining public transportation. In addi-
tion, researchers investigated the relationship between 
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sustainability and transportation as well as the contribu-
tion of technological innovation. The study found a funda-
mental connection between sustainability, transportation, 
land use, and technology (Sinha, 2003). The authors syn-
thesized various sustainability concepts, with a focus on 
the transportation sector. The commonly used definition 
emphasizes transportation that meets present and future 
needs without compromising the ability (Carey, 2004). 
The authors performed a multi-criteria assessment of 
selected European countries' transport networks and pro-
vided a framework for assessing the transport network's 
sustainability (Kolak et al., 2011). Sustainable transpor-
tation management considers economic, environmental, 
and resource consumption, and assists in increasing the 
efficiency of the transportation system and improving 
social life (Amirazodi, 2012). Researchers investigated 
the impact of urban mobility patterns on energy consump-
tion and emissions in Indian cities and made solutions 
to minimize transport energy consumption and emis-
sions (Sudhakara Reddy and Balachandra, 2012). Authors 
explored individual attitudes of experts and non-experts 
towards sustainable transportation, and the parameters 
that impact these attitudes (Xenias and Whitmarsh, 2013). 
Researchers presented assessments of public transport 
sustainability principles, with an emphasis on enhancing 
investigations of holistic composite sustainability indi-
ces. Some of these indices are to study the performance 
of public transport systems and for worldwide compar-
ative performance assessment (De Gruyter et al., 2017; 
Miller et al., 2016a; Miller et al., 2016b). The authors pro-
posed a set of public transport sustainability indicators 
that can be used to examine sustainability using an indi-
cator-based approach  (Karjalainen and Juhola,  2019). 
The authors investigated transport indicators for devel-
oping countries, concentrating on the Jakarta metropol-
itan region. According to the findings, quality service 
of public transportation, safety, travel cost, pollution, 
and accessibility are contextual factors for use in develop-
ing nations (Shiddiqi et al., 2022).

2.2 Evaluation of public transportation system
Public transport evaluation framework was developed 
by incorporating cost-benefit analysis and multi-criteria 
analysis, to assess public transportation projects. User-
friendly spreadsheet-based tool was applied for regular 
and comprehensive evaluation of initiatives (Lake and 
Ferreira, 2002). Multi-criteria method was used to evaluate 
alternative transportation options in Delhi, India  (Yedla 
and Shrestha, 2003). Delhi metro rail system was evaluated 

concerning capacity, travel duration, and  accessibility. 
The authors developed evaluation indices based on com-
muters' opinions and identified the importance of a feeder 
system to address transfer wait times and expenses. 
The  authors recommended the purchase of an integrated 
ticket valid for both bus and metro travel (Advani and 
Tiwari, 2005). The researchers developed a  methodol-
ogy for the evaluation of transportation systems based on 
six criteria: information, amenities, security and safety, 
access, connection, and reliability. The  authors surveyed 
transit users, assessing the significance and satisfaction 
levels of various service features. The study also examined 
the association between transit stops/station attributes and 
user satisfaction (Iseki et al., 2007).

Multi-criteria analysis is used for evaluating the sus-
tainability of urban rail. By comparing different scenar-
ios (with and without the project), the methodology calcu-
lated the benefits and aggregated the percentage variations 
with weights assigned to indicators (Cascajo,  2005). 
The authors analyzed the transit integration in Sao Paulo, 
Brazil. Boarding increased by 49% and transit trips 
increased by 15% between 2002 and 2006 (Hidalgo, 2009). 
Researchers conducted research in 30 Indian cities to eval-
uate public transportation systems and selected indica-
tors and assigned weights to assess the overall effective-
ness of each city’s transportation system (Wilbur Smith 
Associates, 2008). The authors studied the smart card 
system, analyzing its challenges, solutions, and impact. 
The  study found that smart card system enhances the 
share of public transportation (Yedla and Shrestha, 2003). 
The public transportation system was evaluated using 
GIS in Jaipur. The authors highlighted the effectiveness 
of GIS as a user-friendly tool for evaluating public transit 
options (Vimal et al., 2011). A capacity and quality-based 
performance measurement approach was proposed for the 
Zurich public transportation system. Critical performance 
indicators were evaluated at different levels: individual 
elements, route segments, and the entire network (Orth 
et al., 2012). A comprehensive literature review on pub-
lic transportation quality criteria was conducted to attract 
drivers. Service reliability and frequency are crucial fac-
tors in this regard (Redman et al., 2013).

Based on public demand and the public transport network, 
an optimization algorithm for the maximum profit optimal 
approach was proposed. In addition, the regional public 
transit network was optimized, and the operation was finan-
cially sustainable (Guzman et al., 2018; Wen et al., 2020). 
The authors presented guidelines to improve the frequency 
of metro systems to deliver more benefits to users and 
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transportation agencies (Wen et al., 2020). The researchers 
developed a method for optimizing bus lines based on metro 
and bus integration. A qualitative relationship between bus 
and metro lines was introduced by considering the geo-
graphical location and service range. Changsha Metro Line 
was used as a case study for model validation. There is no 
global set of standards that would be adequate to evaluate 
the performance of a metro system, requiring further inves-
tigations in this area of study (Wei et al., 2020).

The discussion above illustrates the many studies that 
have been conducted worldwide to evaluate transportation 
infrastructure using a range of approaches with sustain-
ability as a goal. But there is no set of standard sustainable 
indicators and methodology to evaluate the performance of 
transportation systems and further research is required in this 
area. The indicators are identified and measured using a wide 
range of methods. Consequently, a multi-criteria method has 
been appropriate for the sustainability analysis of public 
transport systems in India. The outcome of the study will be 
significantly affected by the evaluation perspective.

3 Methodology
3.1 Study methodology and indicators
In the present study, the methodology is applied for the 
calculation of SII value between metro rail and nearby 
feeder buses in Bengaluru city. The applied methodology 
was similar to that proposed by Errampalli et al.  (2020). 
However, the indicator list was different. BMRCL and 
BMTC are Bengaluru's two primary public transport 
providers. To improve the city's overall public transport 
mode share, route integration is essential. One method 
would be for BMTC to provide feeder service to metro. 
The multi-criteria analysis method was employed for eval-
uating the present level of integration between metro rail 
and feeder buses. The study methodology is depicted in 
Fig.  1. For the evaluation, eight dimensions such as ser-
vice availability, travel time, ticketing, customer services, 
comfort level, safety, hygiene, and image were consid-
ered. The 18 indicators representing these dimensions 
were selected based on an extensive literature review and 
expert consultations to ensure relevance and suitability 
for the Bengaluru context. Previous studies (Advani and 
Tiwari, 2005; Errampalli et al., 2020; Kolak et al., 2011) 
have highlighted similar factors as critical for evaluat-
ing integration effectiveness. Additionally, feedback from 
transport professionals and preliminary user discussions 
confirmed that these indicators reflect the operational 
characteristics and user priorities of the local metro and 
feeder bus system. Cleanliness and safety of metro stations 

were included because they serve as enclosed, high-vol-
ume transfer hubs, while feeder bus stops are primarily 
open-air facilities where aspects like frequency, transfer 
distance, and accessibility were considered more import-
ant. All indicators were assessed through data collection 
via surveys and were normalized to a standardized scale 
from 0 to 1. The final SII value was calculated by aggre-
gating the normalized indicator scores weighted accord-
ing to expert evaluations (Table 1).

3.2 Homogenization
Homogenization is a mathematical method that trans-
forms all indicators into standardized values for com-
parison to other variables. In the present study, some of 
the sustainable indicators would have a positive impact, 
while others would have a negative impact. For instance, 
the SII value is influenced negatively by the transfer time 
indicator. Hence, it is necessary to describe a method for 
turning all indicator variations into a common homoge-
nized number that is typically between 0 and 1. To homog-
enize an  indicator, for example, the ratio of users who 
use the metro and bus together to complete their journey 
was compared to those who use any other mode to con-
tinue their journey after using the bus or metro. When the 
data is compared, a fraction between 0 and 1 is obtained. 

Fig. 1 Study methodology (Errampalli et al., 2020)
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A score of "1" implies that everyone uses the bus or metro, 
whereas a value of "0" suggests that everyone uses other 
modes after taking the bus or metro. The following Eq. (1) 
is used to calculate the homogenized value of an indicator 
for positive impact indicators, whereas Eq. (2) is applied 
for negative impact indicators:
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where ui is the normalized value of the i-th indicator, 
Ri denotes the average rating assigned by survey respon-
dents to the i-th indicator, Rmin is the minimum possible rat-
ing score, and Rmax is the maximum possible rating score.

3.3 Weightage and aggregation
The weighting procedure includes emphasizing data indi-
cators' contributions to a final impact or decision. That is, 
instead of each indicator having an equal impact on the out-
come, indicators have been adjusted to have greater signif-
icance. This was achieved by surveying transport expert 
professionals working at private companies with a prede-
signed questionnaire. The indicators are rated from 0 to 10, 
with 10 being the most important in terms of assessing inte- 

gration. To determine the individual weightage for each 
indicator as given in Eq. (3), a weighted average was taken. 
The aggregate weighted individual indicators in the range 
of 0 to 100 are aggregated to provide the final SII value as 
given in Eq. (4), which represents the present level of inte-
gration. With a fully integrated system, the value can reach 
a maximum of 100 and a minimum of 0 with no integration.
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i
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3.4 Applicability of the methodology
The methodology presented in this study – including the 
formulation of sustainability indicators, the normalization 
of parameters, and the multi-criteria evaluation frame-
work – is designed to be broadly transferable beyond metro 
and feeder bus integration in Bengaluru. Previous research 
has demonstrated that comparable assessment frame-
works are effective in various transport planning contexts. 
For instance, Errampalli et al. (2020) implemented a sim-
ilar multi-criteria indicator approach to evaluate multi-
modal integration between metro and bus operations in 
Delhi, while Kolak et al. (2011) applied related methods to 
assess the performance of integrated transport networks 
in several European cities, encompassing tramways and 
suburban rail services. The methodology is inherently 
modular, enabling transport planners and practitioners to 
customize the indicator set to align with the operational 
characteristics, policy objectives, and user priorities of 
the study area. Additionally, the weighting of indicators 
can be calibrated through expert elicitation techniques 
to reflect local governance structures, regulatory frame-
works, and stakeholder preferences in different countries 
or regions. This adaptability ensures that the framework 
can be utilized to analyze a range of multimodal integra-
tion scenarios, such as coordinating metro systems with 
tram corridors, commuter rail, or Bus Rapid Transit net-
works, provided that context-specific adjustments are 
made to indicator selection and weighting. Consequently, 
the approach offers a robust and replicable tool for trans-
portation engineers, urban mobility researchers, and pol-
icymakers aiming to assess and enhance public transport 
integration in diverse metropolitan environments.

4 Study area and data collection
Bengaluru city acts as a benchmark for other cities in devel-
oping countries that are constructing metro train systems. 
Bengaluru has a population of almost 12 million people 

Table 1 Indicators for the estimation of SII value

Factors Indicators

Availability of service

Frequency

Speed

Reliability

Parking facility

Travel time
Transfer- time

Transfer-distance

Ticket Ticket prices

Customer services
On-board information

Information at stations

Comfort level

Seating capacity inside metro

Waiting conditions at metro

Crowding

Temperature and ventilation conditions at 
metro stations

Safety
Safety measures adopted inside metro

Safety measures adopted at metro stations

Hygiene 
Level of cleanliness in metros

Level of cleanliness at the station

Image Users' willingness to use Integrated metro 
and feeder bus services
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spread throughout a 741 km2 municipal region and the sur-
rounding metropolitan area. The city now has 48.69 km 
of operational metro rail network spread across two lines, 
with 42.3 km of that network which began operations in 
June 2017. Another 127 km of metro network is being con-
structed and will be operational by 2025. The  system is 
owned and operated by the BMRCL. After the launch of 
the Bengaluru metro reach in 2011, the BMTC launched 
a few feeder bus services. With the completion of metro 
Phase-I in 2017, BMTC added new feeder bus services. 
The existing feeder services connect areas to neighbor-
ing metro stations as well as metro stations themselves. 
The existing metro feeder routes have an average route 
length of 15 km and a frequency of 10–20 min. In com-
parison, Bengaluru Metro services operate at higher fre-
quencies, with headways typically ranging from 4–6 min 
during peak hours and 8–10 min during off-peak peri-
ods. This frequent metro schedule means that the wait-
ing time for transferring passengers is mainly determined 
by the feeder bus arrival intervals. Bengaluru city tran-
sit hubs  (Baiyappanahalli Metro Station, Mejastic Metro 
Station, and Yeshwanthpur Metro Station) and bus stops 
within walking distance of the transit hubs were chosen to 
collect data. Transit hubs are locations that provide access 
to various modes of public transport in the area.

A perception survey was conducted to measure the 
selected indicators, and data was collected using a ques-
tionnaire survey at transportation hub stations and nearby 
bus stops. On a five-point Likert scale, commuters were 
asked to rate metro and bus facilities and infrastructure. 
A passenger survey was conducted at each study location. 
An adequate sample size was found using a simple ran-
dom sampling approach at each metro station and nearby 
bus stop. Interviews would begin at each station during 
a morning commute time of 8:30 a.m. to 10:30 a.m. at bus 
stops, and a full-day commute schedule of 8:30 a.m. to 
5:30 p.m. at metro stations. The survey samples collected at 
metro stations and feeder bus stations are shown in Table 2.

5 Evaluation of SII
5.1 Computation of weightage of indicators
The methodology used to homogenize each indicator is 
explained in the preceding sections. By using the homog-
enization method, each indicator value was converted in 
the range of 0 to 1. The results of an expert survey con-
ducted among transport expert professionals working at 
private companies used to assign weights to the indica-
tors. The primary objective of this study was to calculate 
the SII value for the study locations, which indicates the 
level of existing integration. Table 3 shows a summary of 
the sustainability indicators calculated from survey data 
at metro stations and near bus stops. The values of each 
indicator are shown as out of 1. As there are 18 indicators, 
the total value is out of 18. Based on these findings, the 
Mejastic metro station has the highest sustainability value 
when all factors are given equal weight.

5.2 Computation of SII value
The SII value is calculated for all metro stations and 
nearby bus stops, such as Baiyappanahalli, Mejastic, and 
Yeshwantpur. The weighted value of each indicator is cal-
culated by multiplying its homogenized value by the indi-
cator’s expert survey weight. The weighted value of each 
indicator is then combined to obtain the final SII value 
of metro stations, which is shown in Table 4. Fig. 2 pres-
ents a visual representation of the SII values between 
metro rail and nearby bus stops. It can be observed that 
Baiyappanahalli metro station and nearby bus stops have 
a  sustainability index of 72.11%, Mejastic metro station 
and nearby bus stops have a sustainability index of 77.16%, 
and Yeshwantpur metro station and nearby bus stops have 
a sustainability index of 64.11%. Several reasons contrib-
ute to the highest sustainability index reported at Mejastic 
metro station. To begin, there are multiple bus stations 
around the station, as well as many bus fleets operating 
in the vicinity. In addition, adequate connections, such 
as underpasses and footpaths, have been created to allow 
access to these bus stations. On the other hand, the lowest 
index value reported at Yeshwantpur metro station can be 
attributed to specific limitations in connectivity between 
the metro station and bus stop. In this scenario, the bus 
stations are located a long distance from the metro station 
and lack adequate facilities to allow access. Furthermore, 
the metro station is served by a small number of bus fleets. 
These issues all contribute to Yeshwantpur metro sta-
tion's lower sustainability index value. As there are no 

Table 2 Survey samples collected at metro stations and nearby bus stops

Sl. 
No. Location

Survey samples size

Metro stations Bus stations Total

1 Baiyappanahalli 
metro station 388 411 799

2 Mejastic metro station 382 415 797

3 Yeshwantpur 
metro station 385 412 797
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Table 3 Sustainability indicators obtained from perception and expert surveys

Indicators Ratings from 
an expert survey 

Homogenization of individual indicators

Baiyappanahalli 
metro station

Mejastic 
metro station 

Yeshwantpur 
metro station

Frequency 8.9 0.88 0.94 0.86

Users' willingness to use Integrated metro and feeder bus services 5.2 0.96 0.92 0.88

Reliability 8.1 0.92 0.85 0.82

Seating capacity inside metro 5.2 0.83 0.86 0.86

Level of cleanliness in metros 7.1 0.89 0.87 0.73

Ticket prices 6.2 0.75 0.8 0.77

Safety measures adopted at metro stations 7.2 0.56 0.7 0.43

Waiting conditions at metro 4.1 0.76 0.45 0.4

Level of cleanliness at the station 4.0 0.95 0.88 0.78

Parking facility 6.1 0.31 0.55 0.3

Temperature and ventilation conditions at metro stations 6.4 0.22 0.45 0.3

Transfer distance 3.1 0.46 0.55 0.35

Crowding 6.0 0.77 0.89 0.65

Transfer time 3.4 0.93 0.78 0.79

Speed 3.6 0.47 0.96 0.75

Information at station 3.2 0.79 0.88 0.66

Onboard information 3.1 0.79 0.87 0.56

Safety measures adopted inside metro 9.1 0.74 0.69 0.65

Total value 100 12.98 13.89 11.54

Table 4 SII values of selected metro stations and nearby bus stops

Indicators
Weighted value

Baiyappanahalli 
metro station

Mejastic 
metro station 

Yeshwantpur 
metro station

Frequency 7.83 8.366 7.654

Users’ willingness to use Integrated metro and feeder bus services 4.99 4.784 4.576

Reliability 7.45 6.885 6.642

Seating capacity inside metro 4.32 4.472 4.472

Level of cleanliness in metros 6.32 6.177 5.183

Ticket prices 4.65 4.96 4.774

Safety measures adopted at metro stations 4.03 5.04 3.096

Waiting conditions at metro 3.12 1.845 1.64

Level of cleanliness at the station 3.80 3.52 3.12

Parking facility 1.89 3.355 1.83

Temperature and ventilation conditions at metro stations 1.41 2.88 1.92

Transfer distance 1.43 1.705 1.085

Crowding 4.62 5.34 3.9

Transfer time 3.16 2.652 2.686

Speed 1.69 3.456 2.7

Information at station 2.53 2.816 2.112

Onboard information 2.45 2.697 1.736

Safety measures adopted inside metro 6.73 6.279 5.915

Final SII value 72.42 77.23 65.04
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universally accepted thresholds for categorizing SII val-
ues, interpretation in this study was based on relative com-
parison among the three stations and reference to similar 
research (Errampalli et al., 2020). In this context, SII val-
ues above approximately 75% can be considered indica-
tive of strong integration performance, while values below 
60% reflect notable deficiencies in coordination and user 
satisfaction. Scores in the range of 60–75% suggest moder-
ate integration with areas for improvement. Accordingly, 
Mejastic station demonstrates relatively good integration, 
Baiyappanahalli station reflects moderate integration, 
and Yeshwantpur station indicates the need for targeted 
enhancements in service connectivity and infrastructure.

6 Evaluation of transport policies
The following three policies regarding the integration of the 
metro and feeder bus services in Bengaluru city were eval-
uated using the methodology that was used in this study:

1.	 Single ticketing system: a mechanism for collecting 
bus and metro fares together using an electronic card.

2.	 Bus stop relocation: moving the bus stops near the 
metro stations and building a direct link there will 
make switching between the metro and the bus easier.

3.	 Increasing bus frequency: waiting times are 
decreased by increasing the frequency of buses at 
the bus stops near metro stations.

The impact of the transport policies was evaluated for the 
selected indicators as well as the level of integration between 
metro rails and feeder buses as indicated by the sustainabil-
ity index value. Table 5 shows the SII value for the metro 
station and nearby bus stops after the deployment of a single 
ticketing system, bus stop relocation, and increase in bus fre-
quency. The SII value has increased by 4.73%, 4.38%, and 
5.09%, respectively, because of the single ticketing system 
policy, bus stop relocation, and increase in bus frequency. 
Fig. 3 depicts a comparison of the average increase of the SII 
value of the three proposed transport policies. The policy of 
increasing bus frequency has the greatest impact on the SII 
value, followed by the policy of a single ticketing system 
and, finally, the policy of bus stop relocation.

7 Conclusions
The current study applied a methodology for evaluating 
integration between metro and feeder buses while keeping 
sustainability in view. For the evaluation of existing inte-
gration, a total of 18 sustainable transport indicators were 
considered. Data were collected from three transport hubs 
and nearby bus stops in Bengaluru city, India, to estimate 
SII value. The study methodology was used to assess three 
transport policies in Bengaluru city concerning the inte-
gration of metro and feeder bus services. The following 
conclusions were drawn from the present study:

•	 A total of 18 indicators have been identified to eval-
uate existing integration between metro rail and 
feeder bus services in developing countries. They 
are frequency, speed, reliability, parking facil-
ity, transfer-time, transfer-distance, ticket prices, 
on-board information, information at stations, seat-
ing capacity inside the metro, waiting conditions at 

Table 5 Evaluation of SII value for different policies

Metro stations

SII value

Existing 
condition

Single 
ticketing 
system

Bus stops 
relocation

Increase 
in bus 

frequency

Baiyappanahalli 
metro station 72.11% 77.08% 75.99% 77.47%

Mejastic 
metro station 77.16% 81.97% 81.51% 82.16%

Yeshwantpur 
metro station 64.11% 68.53% 69.01% 69.03%

Metro stations

Percentage increase in SII value
Average 

increase in 
SII value

Single 
ticketing 
system

Bus stops 
relocation

Increase 
in bus 

frequency

Baiyappanahalli 
metro station 4.97% 3.88% 5.36% 4.73%

Mejastic 
metro station 4.81% 4.35% 5.00% 4.38%

Yeshwantpur 
metro station 4.42% 4.90% 4.92% 5.09%

Fig. 2 Estimated SII values for different metro stations and nearby 
bus stops

Fig. 3 Average percentage increase in SII value under various transport 
policies
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metro, crowding, temperature and ventilation con-
ditions at metro stations, safety measures adopted 
inside metro, safety measures adopted at metro sta-
tions, level of cleanliness in metros, level of cleanli-
ness at the station and users' willingness to use inte-
grated metro and feeder bus services.

•	 According to the findings, Mejastic metro station and 
its nearby bus stops have a sustainability index of 
77.16%, Baiyappanahalli metro station and its nearby 
bus stops have a sustainability index of 72.11%, and 
Yeshwanthpur metro station and its nearby bus stops 
have a sustainability index of 64.11%. The Mejastic 
metro station is more integrated than the other two 
metro stations.

•	 The highest SII value for Mejastic metro station can 
be attributed to various bus stops surrounding the 
station, as well as many bus fleets operating nearby. 
Furthermore, suitable connections, such as under-
passes and footpaths, have been built to provide 
access to these bus stops. The lowest SII value for 
Yeshwanthpur metro station can be attributed to spe-
cific limitations in connectivity between the metro 

station and the bus stop. The bus stations are located 
a long distance from the metro station and lack ade-
quate facilities to allow access. Furthermore, the metro 
station is served by a small number of bus fleets.

•	 The SII value has increased by 4.73%, 4.38%, 
and 5.09% for the policy of a single ticketing system, 
bus stops relocation, and increase in bus frequency, 
respectively. The highest SII value can be observed 
for the policy of increase in bus frequency.

The adopted methodology can help planners and poli-
cymakers with city-wide planning and integration of pub-
lic transport systems. The current study is primarily con-
cerned with public transportation service indicators, with 
no monetary benefits considered for system evaluation. 
To enhance the accuracy of findings, the number of indi-
cators might be increased further.
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