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Abstract
To achieve a well-balanced sustainable public transport system in an Indian sce-
nario, a thorough performance assessment and benchmarking of existing systems in 
conventional and sustainable dimensions is necessary. Although institutionalisation 
of sustainable benchmarking of public transport systems is habituated across the 
globe, it is not largely practised in India. Based on this, we aim at developing a com-
prehensive mode-specific benchmarking framework for the urban bus system under 
Indian conditions with a case study of Hyderabad city. The developed framework 
consists of 29 evaluators structured into eight indicator groups. As the significance 
of these indicator groups and evaluators varies in the framework, the same has been 
determined by an expert opinion survey by applying multi-criteria decision-making 
techniques such as ‘analytic hierarchy process’ and ‘direct weighting.’ The assess-
ment revealed that the overall performance of the urban bus system is approximately 
70%. The parameters associated with the sectors of ‘passenger information systems’ 
and ‘social sustainability’ were found to underperform and required improvement. 
A better performance was observed among the service- and quality-oriented sectors. 
The associated intangibility in weighting and ranking during the process of bench-
marking was addressed through the application of a fuzzy logic technique, and the 
‘overall normalised rate of performance’ of the urban bus system was determined to 
be 74%. Based on these factors, the present study achieves a successful development 
and application of mode-specific benchmarking of public transport systems in the 
Indian context.
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1 � Background and introduction

Approximately 190 million motor vehicles have been registered in India as of 31st 
March, 2016, and the compounded annual growth rate for 2011–2016 was 94.40% 
(MoRTH 2016). On the other hand, planning authorities and urban local bodies 
(ULB) have been investing huge amounts of funds for expanding the road infra-
structure to manage the prevalent travel demands. The increase in travel demands in 
conjunction with the increased vehicular ownership is causing negative externalities 
such as decreased ambient air quality and increased congestion and accidents. This 
is a frightening call towards sustainable development. Thus, to alleviate this situa-
tion, a well-balanced sustainable public transport system should be established by 
understanding the current performance of the system. Moreover, for the same pur-
pose, a comprehensive performance assessment and subsequent benchmarking with 
a broad vision towards achieving long-term sustainability is necessary.

The Ministry of Urban Development (MoUD) defines benchmarking as a ‘pro-
cess of comparing performance levels against set targets or best practice cases’ 
(MoUD and CEPT 2013). Benefits associated with benchmarking are as follows:

•	 Creating a consistent and comparable local and national database
•	 Providing a platform to identify the critical problems and formulating necessary 

policies
•	 Establishing a competitive environment between cities.

Although the benchmarking of public transport (PT) is an institutionalised prac-
tice at the global level, it is not largely practised in the Indian scenario. Hence, there 
is a need for developing a standardised mode-specific framework to evaluate and 
strengthen the performance of PT systems in the Indian context. The establishment 
of new PT systems and the implementation of any improvement measures require 
heavy financial investments. In the present scenario of rapid urbanisation, prioriti-
sation, and wise allocation of funds play a key role in addressing such challenges. 
Establishing PT benchmarking tools and standardised frameworks at the national 
level will certainly encourage a competitive environment between different cities 
and ULBs, thus resulting in an overall improvement in the PT systems in the Indian 
context.

The MoUD has released guidelines for service level benchmarking (SLB) of 
urban transport systems (MoUD 2010). These guidelines are broader in nature and 
not specific towards the comprehensive benchmarking of any PT system in an Indian 
condition. As PT is multi-modal in nature, a dedicated mode-specific benchmarking 
framework is necessary to assess the overall performance of any system, such as 
urban bus, Metro, and Monorail. The objective of the present study was to develop 
such a mode-specific benchmarking framework for ensuring sustainable benchmark-
ing of urban bus systems, thus capturing all possible attributes that influence the 
performance of the system in the Indian context. The framework was developed 
after reviewing the existing global practices, prevailing guidelines, and local poli-
cies. The proposed framework was structured with 29 evaluators nested into eight 
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indicator groups (IGs). Subsequently, prioritisation of these IGs and evaluators was 
logically derived using multi-criteria decision-making (MCDM) techniques, such 
as the ‘analytic hierarchy process’ (AHP) and ‘direct weighting’ by conducting an 
expert opinion survey. Moreover, the associated intangibility in the ranking of the 
benchmarking process was addressed by applying fuzzy logic. As the application 
of AHP in combination with fuzzy logic is not practised in any institutionalised or 
standardised benchmarking framework in the Indian system, this study experiments 
the same to achieve better benchmarking results and making them more reliable.

This article presents a comprehensive overview of various practices in the 
research area, followed by a case study of Hyderabad city focusing on mode-specific 
benchmarking of the urban bus system. The MCDM techniques used for benchmark-
ing that are supported by the fuzzy logic approach to nullify the intangibility effect 
are discussed in detail. The article concludes with a discussion on specific contribu-
tions and the lessons learnt.

2 � Review of Indian and international benchmarking processes

In this section, a comprehensive overview of the literature affiliated to different 
aspects of PT benchmarking and sustainability are presented with a summary of 
performance measures considered by various researchers. Although a considerable 
number of studies are available on benchmarking in general, only specific studies 
that are relevant to the objectives and the proposed methodology of this study are 
covered in this section.

The global practices on performance evaluation and benchmarking can be 
broadly categorised as either attribute- or framework-based practice. Although the 
former approach concentrates on evaluating a system based on the key service and 
quality attributes, the latter approach concentrates on a comprehensive framework-
based assessment that includes various aspects of the system. The attributes such 
as accessibility, mobility, availability, and connectivity are considered as the parts 
of the service-oriented assessment process. Martens (2015) juxtaposed accessibil-
ity and potential mobility to assess a public transport system. Mamun and Lownes 
(2011) developed a composite index for evaluating accessibility in three dimensions 
viz. spatial, temporal, and trip coverage. Gahlot et al. (2013) developed numerical 
indexes such as public transit coverage index, ideal and actual stop accessibility 
index, and stop coverage ratio index to assess the availability and accessibility of 
PTs for a specific case of the city of Jaipur, India.

In addition to the service attributes, a predominant focus on quality attributes, 
such as passenger comfort and overall convenience, was laid towards the assessment 
and benchmarking of PT systems. Kinsella and Caulfield (2011) conducted impor-
tance performance analysis (IPA), a technique for prioritising attributes based on 
measures of importance and performance, for assessing the service quality of PT of 
the city of Dublin, Ireland. The perception of tourists and the native public was used 
during the analysis. The results concluded that the tourists gave greater importance 
to reliability and passenger information aspects of service.
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Moreover, it was observed that the quality-centric assessment studies attract 
multi-criteria and fuzzy logic approaches to address the subjective nature of these 
variables and to strengthen the results. Adding strength to this observation, Vaidya 
(2014) and Patrick and Mulley (2013) adopted data envelopment analysis (DEA) 
to evaluate the performance of bus and metro systems, respectively. Moreover, the 
AHP and partial factor productivity were adopted in combination with DEA. Simi-
larly, Kanuganti et al. (2013) calculated an overall level of service rating for public 
transit routes in the city of Jaipur, India, by using different multi-criteria approaches, 
such as numerical rating, fuzzy set theory, AHP, and a fuzzy-AHP approach. They 
found that the fuzzy set theory and fuzzy-AHP approaches perform better as they 
annihilate fuzziness.

For framework-based assessment, Balachandra and Reddy (2013) developed a 
framework for benchmarking different dimensions of sustainability such as envi-
ronmental, economic, social, and governance aspects for the cities of Mumbai and 
Bangalore, India. These results were compared with those of London, Shanghai, and 
Singapore to assess the relative performance in terms of sustainability. Amongst 
the five cities, Singapore has emerged as the most sustainable city, while the two 
Indian cities occupied the bottom positions. Eboli and Mazzulla (2012) evaluated 
both subjective and objective measures of performance by setting benchmarks in 
accordance with the ‘Transit Co-operative Research Programme’ report 88. Buzási 
and Csete (2014) offered recommendations to effectively evaluate the sustainability 
of transport systems with 43 indicators classified under economic, environmental, 
and social categories.

The SLB guidelines released by MoUD (2013) were exercised on six Indian cities 
(MoUD and CEPT 2013). This framework was focused on a broader scope of urban 
transport with its own set of limitations in terms of spatial transferability because 
the framework was found to be slightly biased towards metropolitan cities. India 
is currently switching towards the modern PT systems such as Mass Rapid Transit 
System (Metro and Monorail), Light Rail Transit System, and Bus Rapid Transit 
System. Such modern PT systems attract huge investments from various bilateral 
and multilateral funding agencies, and timely repayment of these loans symbolise a 
nation’s pride. Hence, a comprehensive evaluation and benchmarking of the existing 
PT system in integration with sustainability aspects is mandatory to ensure the right 
investment at the right time. Thus, a mode-specific sustainable benchmarking frame-
work is developed and exercised on the city of Hyderabad, India, during this study. 
In addition to the discussed literature, the adopted practices by Paz et  al. (2013), 
Bickford (2013), Buehler and Pucher (2011), Bruun and Vanderschuren (2017), 
Fu and Xin (2007), Kittelson and Associates (2003), Jasti and Ram (2016, 2018), 
Mishra et al. (2012), Derrible and Kennedy (2010), Litman (2014, 2018), were also 
examined while developing the framework.

A summary of the performance measures/evaluators considered by various 
researchers in both attribute and framework-based benchmarking practices is pre-
sented in Table 1.
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3 � Development of sustainable benchmarking framework

From literature, it is evident that the practice of mode-specific benchmarking for the 
existing public transportation systems with an emphasis on sustainability is missing 
for Indian conditions. Hence, the proposed benchmarking framework of the urban 
bus system is targeted towards assessing the real-world scenario of the existing sys-
tem in various conventional and sustainable dimensions with 29 evaluators nested 
in eight IGs. As the current benchmarking is a framework-based approach, every 
IG is nested with multiple evaluators, and every evaluator has its own formulation 
towards a respective performance evaluation. On a broader perspective, the frame-
work is structured based on international practices and guidelines, such as MoUD’s 
framework (MoUD 2010) of the conventional benchmarking of urban transport, 
European Commission’s BESTRANS guidebook (2004), National Center for Tran-
sit Research’s ‘Benchmark Rankings for Transit Systems in United States’ (NCTR 
2004), and a detailed review publication on various global sustainability practices 
by Bongardt et al. (2011).

The developed framework is expected to assess and benchmark the performance 
of urban bus systems in Indian cities. A brief description of the target evaluation of 
all the IGs is presented with the framework in Table 2. Formulations of the evalua-
tors are further presented under the section titled ‘Integrated and Sustainable Bench-
marking of the Urban Bus System’ in this article.

It is illogical to weigh all the IGs and evaluators equally because their impact on 
the overall performance varies. Hence, a weight-based ranking system was devel-
oped through an expert opinion survey by applying multi-criteria decision-making 
techniques such as AHP and ‘direct weighting.’

4 � Determining weights for IGs and evaluators through expert 
opinion

The perception of significance and weight of IGs and evaluators varies from person 
to person as this is a subjective judgement. Hence, an expert opinion is sought by 
using the AHP method for determining the weights of IGs, which offers a pair-wise 
comparison between the eight IGs. Then, weights of evaluators under the IGs were 
also determined by expert opinion through the ‘direct weighting’ technique. AHP 
was selected over other MCDM techniques due to the convenience in terms of the 
possible pair-wise comparisons, ability to check inconsistencies, and the intuitive 
appeal to the decision makers (Gavade 2014). A wide range of experts working in 
the discipline of urban transport were selected for the expert opinion survey. They 
include industry practitioners, professionals working in PT agencies, academicians, 
and young research professionals who have a better understanding of the practical 
scenario of PT and associated policies. The expert opinion was collected by circulat-
ing the developed questionnaire to the experts through an e-mail. The opinions of 
senior professionals were collected through a direct interview. The experience of the 
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experts participating in the opinion survey ranged from 25 to 3 years, thus providing 
the required blend of experience and ingenuity.

4.1 � Procedure adopted for determining the weights of IGs by using the AHP 
method

In AHP, Saaty (1980) indicated that the decision maker (the expert in this case) 
assigns his or her priority in a pair-wise comparison among the available alterna-
tives. Similarly, in the present case, the pair-wise ranking was obtained for the avail-
able eight IGs from the experts on the ‘Scale of Relative significance’, as shown in 
Table 3.

The opinions received from an expert are assigned to a group to form a matrix 
which is named as judgement matrix or decision matrix. In the present case of eight 
IGs, the experts have to offer 28 judgements through pair-wise comparisons. One 
such judgement offered by an expert is presented in Table 4 as a sample.

After obtaining a judgement matrix, the consistency of the matrix is checked in 
this study prior to utilising the sample to assess the degree of randomness in the 
judgement. Saaty (1980) proposed a measure of consistency that is known as the 
consistency index (CI). Moreover, to determine the consistency, a normalised rel-
ative weight has to be derived, in which the summation of the columns equals 1. 
Furthermore, the normalised principal eigenvector is obtained by taking an average 
across the rows. This eigenvector is also called a priority vector. The priority vector 
shows relative weights among the IGs being compared, as shown in Table 5.

To assess the consistency in the expert opinions, the principal eigenvalue (λmax) 
is obtained by summing the products between all elements of the eigenvector and 
the sum of the columns of the reciprocal matrix, as shown in Table 5. Now, as λmax 
is calculated, the CI can be calculated using Eq. (1) as follows. In the equation, ‘n’ 
represents the number of alternatives (IGs in this case):

The CI is then compared with the average CI of randomly generated reciprocal 
matrices or the random consistency index (RI). The average RI for a sample size of 
500 matrices that was proposed by Saaty (1980) is presented in Table 6 for reference.

Saaty (1980) also proposed the consistency ratio (CR) between CI and RI, as 
shown in Eq. (2):

Moreover, Saaty (1980) indicated that an acceptable CR should be less than 10%. 
However, a CR of less than 20% is considered tolerable (Wedley 1993). Accord-
ingly, the expert opinions within 20% CR are only considered as accepted samples, 
and the rest are dropped. The CR of the judgement by an expert illustrated above is 
7.65%, which is < 20% and thus is acceptable.

(1)CI =
�max − n

n − 1
=

8.759 − 8

8 − 1
= 0.108

(2)CR =
CI

RI
=

0.108

1.41
= 7.65%
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With these criteria, only eight out of the 12 expert opinions (66.67% of the total 
collected samples) were found to be within the ‘tolerable’ limits and thus were con-
sidered for further analysis. The weights were determined by taking the arithmetic 
mean of the accepted samples and the final resultant weights for the eight IGs are as 
shown in Table 7.

4.2 � Procedure adopted for determining the weights of evaluators

In the ‘direct weighting’ technique, the experts are requested to offer their judge-
ments or decisions in the form of simple numerical weights for evaluators nested in 
an IG, which is equivalent to 10. For instance, consider that an IG ‘service availabil-
ity’ has five evaluators. Then, the expert shall offer his or her judgement in the form 
of weights to these five evaluators whose collective sum would be equivalent to 10. 
Accordingly, the experts have offered their judgements for all the evaluators, and the 
resultant weights of the same are presented in the section ‘Integrated and Sustain-
able Benchmarking of the Urban Bus System’ of this article. The reason for adopt-
ing ‘direct weighting’ over AHP for determining evaluator weights is the associated 
complexity due to the exhaustive pair-wise comparisons, which are expected to be 
more than 400 for 29 evaluators. Moreover, as evaluators are the micro-level aspects 
in such a comprehensive framework, ‘direct weighting’ within an IG shall suffice.

4.3 � Summarising the expert opinion

The expert opinions revealed that ‘service availability’, ‘service reliability’, and 
‘social sustainability’ have to be prioritised for achieving a better urban bus system 
for Indian conditions. On the contrary, quality-oriented IGs such as ‘comfort’ and 
‘PIS’ are placed. On a broader perspective, experts prioritised the service-oriented 
IGs, followed by the sustainability-oriented IGs. This behaviour signifies the need 
for attaining long-term sustainability.

Table 4   judgement matrix of an expert for IGs in AHP

Indicator groups SA SR Comfort Fare PIS ES EFS SS

Service availability (SA) 1 3 3 3 3 3 1 1
Service reliability (SR) 1/3 1 3 1 5 1 1 1
Comfort 1/3 1/3 1 1/3 1/3 1/3 1/3 1/3
Fare 1/3 1 3 1 3 1 1 1
PIS 1/3 1/5 3 1/3 1 1 1 1
Environmental sustainability (ES) 1/3 1 3 1 1 1 1 1/3
Economic and financial sustainability (EFS) 1 1 3 1 1 1 1 1/3
Social sustainability (SS) 1 1 3 1 1 3 3 1
SUM 4.67 8.53 22.00 8.67 15.33 11.33 9.33 6.00
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5 � Exercising the framework on Hyderabad

Hyderabad is considered as one of the fastest growing metropolitan cities in India. 
The Hyderabad Metropolitan Region Development Authority (HMDA) in a study 
indicated that 95% of the PT mode share in Hyderabad belongs to the urban bus 
system (HMDA 2013). This is one of the reasons for selecting the Hyderabad Met-
ropolitan Area (HMA) as the study area for the current study. This aspect shall serve 
as an additional objective towards verifying the soundness of the developed frame-
work. HMDA through a recent study indicated that HMA, with a population of 9.5 
million as per the 2011 census, is expected to attain the 19 million mark by 2041 in 
terms of the population when estimated using a very moderate growth rate (HMDA 
2013). As per the HMDA (2012), HMA is spread over 7200 km2 in terms of area, 
thus forcing longer trip lengths and automobile dependency. The quantum of travel 
can be understood from the fact that approximately 44,000 intra-city bus trips occur 
on a daily basis in Hyderabad. The following are the PT carriers within the city as 
per the HMDA (2012).

•	 Telangana State Road Transport Corporation (Erstwhile Andhra Pradesh State 
Road Transport Corporation) is a state transport undertaking holding above 97% 
of the buses and service coverage.

•	 Set-win is a private contract carrier with approximately 3% buses and service 
coverage.

Among the vast bus network of 2400  km, the study routes or corridors are 
selected in a way that they reflect the overall passenger trip pattern within HMA and 
cover all major corridors. Thus, a list of 70 routes (to and fro routes) are selected. A 
map of the selected bus routes with their service numbers and route lengths is shown 
in Fig. 1.

Table 6   RI proposed by Saaty 
(1980)

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Table 7   Resultant weights 
of IGs by AHP from expert 
opinion

Indicator groups Resultant weights

Service availability 18.65
Service reliability 17.56
Comfort 6.61
Fare 10.06
Passenger information system 7.31
Environment sustainability 13.32
Economic and financial sustainability (EFS) 10.01
Social sustainability 16.48
SUM 100
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The sustainable benchmarking based on a comprehensive evaluation with a 
weight-based ranking system demands extensive data such as vehicle operating 
costs (VOCs), passenger opinions, CO2 emission levels, traffic volumes, and speed 
and delay data. The collection of raw data and its requisite analysis to draw proper 
conclusion plays a key role in the successful assessment of the system.

A systematic mechanism of data collection was adopted to optimise time and 
avoid any repetitive exercises. The formulations developed for all the evaluators 
were closely examined, and the methodology of requisite analysis was finalised. As 
majority of the formulations attract customised analysis, requisite data for conduct-
ing such analysis was collected through primary and secondary data collection.

6 � Integrated and sustainable benchmarking of the urban bus system

The developed framework was exercised on the urban bus system of Hyderabad 
after the completion of necessary data collection and analysis. By post-feeding the 
data, the trailing procedure is adopted to finally arrive at a conclusion on the overall 
performance of the urban bus system of Hyderabad.

Evaluator performance was assessed with respective formulations. Moreover, an 
exclusive quality of service was derived based on the output of ‘evaluator quality of 
service’ (EQoS) and ranked on a scale of 1–4 (set target). Most of the EQoS scales 

Fig. 1   Map displaying the selected routes and operating service numbers. Source: HMDA (2012)
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were equally distributed among these four levels on a range of 0–100 or 0–1, which-
ever is suitable. The evaluators for which the scaling cannot be defined on the said 
basis, such as ‘frequency’, ‘waiting time’, and ‘fuel consumption’, the scaling (set 
target) was defined on the basis of the practical situation in the Indian scenario. The 
respective EQoS achieved by every evaluator is highlighted in Table 8 (Column 4).

The IGs in the framework are also assessed individually and an ‘indicator quality 
of service’ (IQoS) is derived using Eq. (3):

WE i represents the weight of Evaluator i (where i = 1, 2, 3, … n).
For better convenience and for further application of the fuzzy logic approach, 

the ‘indicator rate of performance’ (IRoP) is represented using Eq. (4):

Similarly, the ‘overall quality of service’ (OQoS) for the entire urban bus system 
is represented using Eq. (5):

WIG i represents the weight of IGs i (where i = 1, 2, 3, … n) and 400 represents 
that the scaling set has four intervals. Hence, 400 would be the maximum attainable 
value.

Finally, the overall rate of performance (ORoP) of a given system is represented 
using Eq. (6) for an easy resemblance:

The exercise of the developed framework on Hyderabad’s urban bus system is 
presented in Table 8. In the table, the data/analysis output is fed into the formula-
tions. Based on the result, the evaluator is ranked against EQoS as shown. As afore-
mentioned, the evaluator weights derived from the expert opinion survey are also 
presented in Table 8 (Column 5).

Now, OQoS of the entire system was computed using Eq. (5) by assigning respec-
tive indicator weights derived from expert opinion (Table 7), as shown in Eq. (7):

Finally, the ORoP of the entire system, expressed in percentage terms, is calcu-
lated using Eq. (6), resulting in a value of 68.27%. This clearly indicates that the per-
formance of Hyderabad’s urban bus system is moderately satisfactory with almost 
68% of the rated performance. However, efforts need to be continued to improve the 

(3)IQoS =

∑n

i=1
WE i × EQoS of i

10

(4)IRoP(%) =

(

IQoS

4

)

× 100

(5)OQoS Score =

∑n

i=1
WIG i × IQoS of IG i

400

(6)ORoP (%) = OQoS × 100

(7)
OQoS Score =

(18.65 × 3.37) + (17.56 × 3.23) + (6.61 × 3.38) + (10.06 × 3.49)+

(7.31 × 1.38) + (13.32 × 1.99) + (10.01 × 3.20) + (16.48 × 1.67)

400
= 0.68
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performance further. The proposed framework gave a direction towards the logical 
and realistic evaluation of the existing urban bus system with considering the sus-
tainability aspects.

7 � Application of fuzzy logic and linguistic ratings

Although the subjective judgements, such as weights, are assigned logically using 
the AHP and ‘direct weighting’ techniques by expert opinion, the proposed scal-
ing and benchmarking in the framework is expected to have some intangibility and 
vagueness. To address and neutralise the same, the fuzzy logic approach was used 
with a triangular membership function (TMF). Fuzzy logic operates on membership 
functions for processing data and facilitates an effective method for arriving at a 
precise conclusion based on imprecise, vague, or uncertain information. In the pre-
sent study, several evaluators were assessed and ranked under the criteria of multiple 
IGs.

The IRoP calculated using Eq. (4) is categorised on a scale of five with linguis-
tic ratings, as shown in Table 9. As these ratings are perceptive and qualitative in 
nature, the ratings have to be normalised to avoid uncertainty in benchmarking while 
using fuzzy logic membership functions.

Moreover, TMF is adopted in this study due to its computational simplicity. Only 
three parameters are required, that is, lower and upper width (a and c) that represent 
the ‘feet’ and a nodal point (b) that represents the peak. Note that for the majority of 
the practical applications, triangular fuzzy numbers are popularly used.

The triangular curve in TMF is based on the three scalar parameters (a, b, and c) 
and presents a function of the vector X, as shown in Eq. (8):

Based on the realistic scenario of public transport in India, the scalar parameters 
for all five linguistic variables are perceived as shown in Table 10.

The above scalar parameters are applied using the TMF to the IGs, based on the 
respective linguistic ratings achieved. After application of the TMF and defuzzifica-
tion function, the corresponding rating for IGs is as listed in Table 11.

By applying the fuzzy logic approach using TMF and a defuzzification function, 
the ONRoP of Hyderabad’s urban bus system is obtained to be 73.76%.

(8)f (x;a, b, c) = max

{

min

(

x − a

b − a
,
c − x

c − b

)

, 0

}

Table 9   Linguistic ratings of the 
benchmarking for IRoP

Linguistic variables IRoP interval (%)

Very good (VG) > 90
Good (G) 71–90
Fair (F) 51–70
Poor (P) 36–50
Very poor (VP) ≤ 35
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8 � Specific contributions

Specific contributions, made from the study involving the development of the frame-
work and its subsequent application for the case study of Hyderabad city, are listed 
below for reference:

•	 The attempt towards integrating the conventional and sustainable aspects for PT 
performance evaluation and benchmarking is a pioneering effort, in particular for 
the Indian context. The standardisation of this framework for performance com-
parison across various Indian cities will provide long-term sustainability.

•	 Application of appropriate MCDM techniques, i.e. AHP and ‘direct weighting’, 
through expert opinion has made the results of the weight-based ranking system 
more reliable.

•	 Successful application fuzzy logic approach for the framework-based bench-
marking to address the built-in intangibility has made the process robust.

•	 The developed mode-specific framework presents a simplified decision-making 
tool for the local and central government officials for prioritising the develop-
ment schemes.

Table 10   Scalar parameters of 
linguistic variables

Linguistic variable Scalar parameters Defuzzied 
values (a+b+c)

3a b c

Very good (VG) 0.90 1.00 1.00 0.97
Good (G) 0.75 0.90 1.00 0.88
Fair (F) 0.50 0.75 0.90 0.72
Poor (P) 0.35 0.50 0.75 0.53
Very poor (VP) 0.10 0.35 0.50 0.32

Table 11   Performance rating after defuzzification

Indicator group IQoS IRoP (%) Linguis-
tic rating

Defuzzied value 
(DV) (Table 10)

Indicator 
weights 
(WPI)

Service availability 3.37 84.19 G 0.88 18.65
Service reliability 3.23 80.83 G 0.88 17.56
Comfort 3.38 84.38 G 0.88 6.61
Fare 3.49 87.30 G 0.88 10.06
Passenger information system (PIS) 1.38 34.44 VP 0.32 7.31
Environmental sustainability 1.99 49.83 P 0.53 13.32
Economic and financial sustainability 3.20 79.88 G 0.88 10.01
Social sustainability 1.67 41.63 P 0.53 16.48
Overall normalised rate of performance (ONRoP) = WPI × DV 73.76
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9 � Conclusions and discussion

This study was conducted after realising the importance of sustainable benchmark-
ing of PT in general. The lack of a standardisation process for performance evalu-
ation and prioritisation for effective fund allocation in India makes this study more 
relevant. The major lessons learnt during this study are summarised below for 
reference:

•	 The practice of mode-specific benchmarking of urban public transportation sys-
tems with an emphasis on sustainability is missing for Indian conditions.

•	 By considering the upgrade towards modern transport and considering the multi-
modal nature of PT systems in India, mode-specific PT benchmarking is recom-
mended for accurate performance assessment.

•	 Application of MCDM techniques such as AHP and ‘direct weighting’ are found 
to be suitable for framework-based benchmarking for determining the signifi-
cance (in terms of weights) of IGs (alternatives) and evaluators, respectively. 
However, note that the significance varies due to the ever-changing urban trans-
port scenario, thus establishing the need to update the same in accordance with 
the prevailing conditions.

•	 Though the present study has taken care of planned delays during peak hours, 
it does not account the disturbances due to un-expected incidents such as acci-
dents, special events. Addressing this limitation in the future scope shall further 
strengthen the proposed benchmarking approach.

The study reveals that Hyderabad’s urban bus system is performing at an ‘ORoP’ 
of 68%. Upon application of fuzzy logic, the resultant ‘ONRoP’ was calculated to be 
74%. Moreover, the specific performance of various IGs was summarised as below 
for reference.

•	 The performance of service- and quality-oriented sectors such as ‘service avail-
ability’, ‘service reliability’, ‘comfort’ and ‘fare’ are identified to be satisfactory 
with an IRoP of over 80%. However, the improvement of ‘frequency’ and ‘aver-
age waiting time’ of the services shall further uplift the sectoral performance.

•	 With an ‘IRoP’ of 49.83%, the performance of ‘environmental sustainability’ is 
observed to be poor.

•	 The sectoral performance of ‘social sustainability’ is not encouraging with an 
‘IRoP’ of 41.63%. Although the urban bus ‘modal share’ is observed to be mod-
erately acceptable with a value of 22%, the ‘accessibility’ facilities for the dif-
ferently abled appear to be notional. Moreover, there are no initiatives towards 
‘social priority’ and ‘signal priority’, which is a discouraging fact towards 
achieving long-term social sustainability.

•	 The sectoral performance of ‘PIS’ is observed to be the least with an ‘IRoP’ of 
34.44%. This is because, only 15% of the bus stops are equipped with basic PIS 
facilities and only 32% of the buses are equipped with GPS, thus leaving huge 
scope for improvement.
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In addition to the above, it can be observed that substantial funding for the devel-
opment of urban PT systems in India is obtained from multilateral and bilateral 
funding agencies. Timely repayment of such huge loans is not only a responsibil-
ity but also plays a key role in maintaining the respect of the country in the global 
market. In this regard, it is vital to select and prioritise the funding distribution of 
PT projects within India. Thus, a perfect assessment of the existing performance of 
public transportation systems is required. Hence, the developed framework is rec-
ommended to be institutionalised and exercised in Indian cities of similar size and 
scale to keep track and compare the performance of urban bus systems.
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