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Abstract: Increased urbanization implicated in the form of increased vehicles on roads which bur-
dened limited resources and caused environmental deterioration. To reduce these effects, a Bus
Rapid Transit (BRT) system was considered the right solution, requiring minimal infrastructure, as
compared to other mass transit options, yet demanding great expertise. This research analyses BRT
systems in four cities of Pakistan and the performance evaluation of BRT standards is conducted by
developing a statistical model to evaluate predictive BRT standard, which results in identifying the
parameters used to improve the performance of the BRT, thus resulting in improved BRT Institute for
Transportation and Development Policy (ITDP) standard. As per ITDP, Peshawar BRT was ranked
as Gold, whereas Lahore BRT, Rawalpindi/Islamabad BRT and Multan BRT were ranked as Silver.
Research describes that ITDP rating can be significantly enhanced if worked in the right direction,
taking into account the standards; Peshawar BRT is an example to follow for existing and future BRT
in Pakistan. If fully integrated networks of routes and corridors for Lahore, Rawalpindi/Islamabad
and Multan BRT have been developed, the model predicts the enhancement of ratings. This paper
will assist transport policy makers to strategize in accordance with ITDP standard developed to
evaluate and improve the quality of BRT.

Keywords: BRT standard; integration; predictive standard; transportation policy

1. Introduction

Health, quality of life and social inclusion boost long-term economic growth and
should be central to considerations when prioritizing and planning projects that will
impact generations to come. The concept of the Bus Rapid Transit system (BRT) was
developed and implemented successfully, as derived from Rail Transit with its replacement
by buses. BRT is a preferred mode of public transport due to its flexibility in design, cost
and convenience when compared with Rail Transit. The best BRT examples are found in
Brazil and Columbia, where its capacity is compared equal to the Metro Rail [1-3].

BRT was first introduced in Lahore, Pakistan as an inspiration from Istanbul BRT,
Turkey, which was greatly valued and adopted by the local passengers [4-7]. Construction
on the unique design was completed in 11 months and the BRT concept was fully functional
in 2014.

BRT is one of the most suitable and reliable mass transit systems, which can be imple-
mented in urban areas due to lower construction time and cost. In Pakistan, a total of four
BRT operational projects are located in Lahore [5,8], Rawalpindi/Islamabad [9-11] and
Multan [2,3,12] (operated and maintained by Punjab MassTransit Authority-PMA, Govern-
ment of the Punjab) [13] and one in Peshawar (operated and maintained by TransPeshawar,
Government of Khyber Pakhtunkhwa) [14].
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BRT and LRT provide high speed, reliable and passengers satisfaction service [15,16].
Flexibility in BRT design and operations involves the integration of a BRT system and
other public transport systems [17]. These systems involve dedicated right of way for
busses, secured stations, communication for passenger information to develop exclusive
character of BRT [1]. Integration between public transport and land-use facilities leads to
the provision of successful BRT corridors. Maintaining steady headway, sustainable travel
time reliability and schedule adherence quantifies BRT higher than conventional public
buses [18]. More than 4200 km of BRT has been developed in more than 160 countries that
has enabled more than 30 million of daily passenger trips. Due to enhanced congestion on
roads, BRT has transformed more cities in last decade and has been incorporated as the
preferred mode of public transport (brtdata.org (accessed on 1 February 2021)).

Moreover, aspects related to Integrated Transportation Policy incorporates passengers
that are willing to use integrated transport if it is cost effective and time efficient [19]; intro-
duction of hierarchical transport systems [20]; BRT cannot bring success as a stand-alone
policy [21]; bring all agencies to work for a common goal to achieve BRT integration [22];
commute to a BRT station should be safe during the evening to encourage riders [21,23];
direct access to several employment centres [24]; long walking distances to BRT stations
reduces access [25]; defined distance between the bus stops [20,24].

The planning, design and operations standards of BRT in four cities of Pakistan
essentially requires an assessment for improvement in existing cities and to fill the gaps in
future BRT services in Pakistan. Cost and time factors have negative impact on passengers
preference and their satisfaction [26]. This requires collecting data for existing BRT system
in Pakistan and understanding and evaluating the results of the best BRT system in the
world. Currently, only the ITDP BRT standard of 2016 is the most recognizable rating
medium, which may result in identifying parameters to improve the performance of the
BRT system in Pakistan, thus resulting in improved BRT ITDP standards [27-30].

2. Objectives of this Research

The research aims to identify the obvious areas where the Pakistani BRT system are
lacking; moreover, the intensity of the lag could also be quantified through this scoring.
The main objectives of this research are as follows:

o To evaluate and rate the existing BRT systems at Lahore, Rawalpindi/Islamabad,
Multan and Peshawar, as per the ITDP rating guidelines.
To identify the deficiencies in the current operational BRT systems of four cities.
To develop a statistical model to evaluate predictive BRT standards.
To analyse the BRT system based on compiled operational key performance indica-
tors (KPI).

e Torecommend the improvements in current operational BRT operations in four cities
for enhancing ratings.

3. Materials and Methods
3.1. ITDP BRT Approach

Four BRT systems in Pakistan were assessed based on the BRT standard (ITDP 2016) [9].
The ITDP evaluation process comprises 30 categories in 6 sections: Gold, Silver, Bronze
and Basic BRT standards are achieved, as mentioned in Table 1.

Data incorporated for this research have been collected from Punjab MassTransit
Authority (PMA) and Trans-Peshawar. These data were used to score each category and
the total scores were evaluated.

All the corridors claimed to be BRT are analysed in two scores; Design and Operations
which are also known as design score and full score. The design score consists only in the
design and services which are implemented for the particular BRT system. It delineates
the potential for performance the system holds. All the indicators are elements of corridor
design, accentuating quality of service, BRT speed, capacity and reliability. The full score
not only contains the design score but also the deductions to be done due to the operational
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lags, which lower the quality performance, hence making BRT scoring more reliable
and robust.

Figure 1 shows the evaluation of performance variables of 39 BRT around the world as
per “The BRT Standard by ITDP”. These variables were (1) number of stations with passing
lanes (percentage), (2) longest BRT station (m), (3) average distance between BRT stations
(m), (4) total length of dedicated right of way (km), (5) number of vehicles/h/one-way
during peak hours in the city centre, (6) average operating speed during peak hours (km/h).
(Source; ITDP BRT Standard, 2016) [27].
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Figure 1. Performance Evaluation of 39 BRT around the world as per “The BRT Standard by ITDP”
by using (1) number of BRT stations with passing lanes (percentage), (2) longest BRT station (m),
(3) average distance between BRT stations (m), (4) total length of dedicated right of way (km), (5)
number of vehicles/hour/one-way during peak hours in the city centre, (6) average operating speed
during peak hours (km/h) (source: data coded from ITDP) [27].
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Table 1. Summary of the BRT Standard by ITDP-BRT Standard Scoring Criteria.

(a) Detail of Total Scores for Each Section (b) Detail of Score Ranges Required for Each Category
Sections Total Score Categories Score Category
BRT basics 38 5 85-100 Gold Category
Service planning 19 7 70-84.99 Silver Category
Infrastructure 13 5 55-69.99 Bronze Category
Stations 10 5 Below 54.99 Basic BRT Category
Communications 5 2
Access and integration 15 6
Total Score 100 30

3.2. Statistical Model to Develop Predictive BRT Standard (Earlier Research)

Research by Zheng Li and David A. Hensher (2020) evaluates and identifies whether
an expert’s assessment can be replaced by a statistical approach. Ordered choice model
that was adopted discusses the mechanism to find out ranges of categories based on the
defined thresholds. This model has been successfully used for conducting analysis for bank
rating, investor belief, interest rate decision and injury severity, shown as below:

y' = Pxi+e 1)
where y* is continuous, y; is shown:

yi= 0, ify"< po;
=1 ifpo < y* < py;
=2,ifp <y < @)

=], lfy* > Hj—1

P describes the explanatory variable x;; j¢} is the threshold value based on  and ¢; are
disturbance terms.

Zheng Li and David A. Hensher [30], investigated the Ordered choice model that
reveals sixteen (16) variables which have statistical impact on the BRT standard. (Figure 1,
was developed for 39 different BRT’s currently operational around the world. Gold Cate-
gory = 4, Silver Category = 18, Bronze Category = 9 and Basic BRT = 7.)

Details of Quantitative and Qualitative variables used to develop BRT standards
through statistical modelling are shown in Table 2. These variables are as follows:

Table 2. Six quantitative variables and ten qualitative variables were used to develop BRT Standards through statistical
modelling. (Source: Zheng Li, David A. Hensher (2020)).

BRT Standards BRT Systems Operational around the World
Gold Guangzhou, Yichang, Lima, Bogota
Silver Istanbul, Leon, Cali, Johannesburg, Mexico City, Chengdu, Lanzhou, Curitiba, Xiamen, Brisbane
Bronze Yancheng, Ahmedabad, Lianyungang, Cape Town, Jakarta, Quito, Guayaquil, Jinan, Bangkok, .Yinchuan, Changzhou, Los
Angeles, Kuala Lumpur, Zhengzhou, Islamabad *, Nantes, Zhongshan, Buenos Aires, Nanning
Basic Dalian, Zhoushan, Changde, Seoul, Beijing, Zaozhuang, Hefei

* Rawalpindi/Islamabad design and operations were evaluated at an initial stage, since then operations of Islamabad has improved and
current evaluation of the system scores Rawalpindi/Islamabad BRT at Silver.

Six Quantitative Variables:

1.  Average operating speed during peak hours in the city center (km/h);
2. Number of vehicles/hour/one-way during peak hours in the city centre;



Sustainability 2021, 13, 1957 50f 19

Dedicated right of way (km);

Distance between two stations (m);

Longest BRT station (m);

Number of stations with passing lanes (percentage).

ISARR LI N

Ten Qualitative Variables:

Integrated network of bus lines and corridors;

Off-car fare collection system;

Higher operating speed during peak hours (greater than 20 km/h);

Covered station entrance;

Improved station waiting environment (not just shelter from wind and rain);
More than 75% of stations have overtaking lanes;

Automatic fare collection system;

High-quality passenger information instructions in the station;

Wheelchair accessible platforms;

Public bicycles are near the BRT station.
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e

4. Study Area Characteristics
4.1. Lahore BRT System (Shahdara to Gajjumata)

Lahore BRT system between Shahdara chowk to Gajjumata provides an alternate and
convenient mode of transport to the public, (Japan International Cooperation Agency-JICA
2012). The Punjab MassTransit Authority (PMA) Lahore was established to manage opera-
tions and the maintenance of Lahore BRT. Lahore BRT was inaugurated on 11 February 2013.

Lahore BRT encompasses a 27 km long corridor starting from Gajjumatta to Shahdara,
with a commercial speed of 26 km/h and the peak frequency is 23 bus/h/direction. It is
18 km at-grade and has 9 km of elevated structures, as shown in Figure 2. In total, 64 buses
operate on the corridor to cater for over 150,000 passengers per day with a headway of 3 min.
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Figure 2. Route Map of Lahore BRT System.
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4.2. Rawalpindi/lslamabad BRT System (Saddar to Pak Secretariat)

To provide convenient, affordable and secure transport service to the people of
Rawalpindi and Islamabad, the Rawalpindi/Islamabad BRT system was executed. The
operations and maintenance of the Rawalpindi/Islamabad BRT system is also managed by
the Punjab MassTransit Authority (PMA). The BRT system in Rawalpindi/Islamabad was

inaugurated on 4 June 2015.

The Rawalpindi/Islamabad BRT system encompasses the 23.2 km long corridor start-
ing from Saddar (Rawalpindi) to Pak Secretariat (Islamabad), with a commercial speed
of 25 km/h and the peak frequency is 23.5 bus/h/direction. It is 14.9 km at-grade and
has 8.3 km of elevated structures, as shown in Figure 3. In total, 68 buses operate on the
corridor to cater for over 100,000 passengers per day with a headway of 3 min.
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Figure 3. Route Map of Rawalpindi/Islamabad BRT System.
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4.3. Multan BRT System (Bahauddin Zakria University to Chowk Kumharanwala)

The Multan BRT system is the third BRT in the Punjab Province. The operations
and maintenance of the Multan BRT system is also managed by the Punjab MassTransit
Authority (PMA) Lahore. The Multan BRT system was inaugurated on 24 January 2017.

The Multan BRT system encompasses an 18.5 km long corridor starting from Bahaud-
din Zakria University to Chowk Kumharanwala with a commercial speed of 25 km/h and
the peak frequency is 18 bus/h/direction. It is 6 km at-grade and has 12.5 km of elevated
structures, as shown in Figure 4. In total, 35 buses operate on the corridor to cater for over
45,000 passengers per day with a headway of 3 min.
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Figure 4. Route Map of Multan BRT System.

4.4. Peshawar BRT System (Chamkani Chowk to Karkhana Morr)

After the lessons learned from the operations and maintenance of three BRT systems in
Pakistan, the first fully integrated BRT system of Pakistan was developed at Peshawar. Fare
and physical integration are provided to facilitate the movement from the feeder route to
the main corridor in the Peshawar BRT system. Hybrid buses were introduced at Peshawar
BRT, providing a healthy environmental impact. The BRT system in Peshawar has three Bus
Depots at Chamkani, Hayatabad, and Dabgari along with three Park and Ride Facilities. A
bicycle lane is provided along the corridor to facilitate the integration with BRT for the first
time in Pakistan. Three feeder routes are operational to facilitate the commuters’ travel.
Pedestrian mobility is managed by providing escalators, elevators, stairs and pedestrian
bridges. The operations and maintenance of the Peshawar BRT system are managed by
TransPeshawar. The Peshawar BRT system was inaugurated on 13 August 2020.
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Peshawar BRT encompasses a 26 km long corridor, starting from Chamkani Chowk
to Karkhana Morr, with a commercial speed of 27 km/h and the peak frequency is
38 bus/h/direction. It has a 15 km at-grade and 8 km of elevated buildings and 3 km
of underpasses, as shown in Figure 5. In total, 115 buses (79 main corridor and 36 off
corridor) operate on the corridor to cater for over 100,000 passengers per day with an
average headway of 2.5 min.

== Underground
Transportation Network
Arterial Road

Collector Road
=== Motorway (M-1}

National Highway
===== Peshawar Ring Road

—+—+—+ Railway Line

7l e T il
Legend ~ i p
@  BRT Station ) ' 5
| BRT Cooridor e Y
e 25
. At-Grade ) \ s %4
——— Elevated Bty

Fins
mAGDARzAT

s,
BATHIRARAD aari (6UN
5L

PALoSI TALRRZA

Latinage .
e rownsza 5,

inaga crRozZ ABAD
g Pl

FrarEsiges o PRINEMER SAREILEND PORA
Cara RAHAT A0AT L

rorg e
) LT

- Coton |
FoResT CorDHER Lahere, , Old Haji “Faisal - |
Ad

4

Bahar da” 5 G Amp Célony,

S
EASHONERE 1

Karkhana
o kARKNESMop

i - Hi ital
ST

a0l Lawwn

o

%%

013 Wy -:PDA
2.

% % Tarara

B Pak

Road S

)
& ;—u'y‘ﬁiai;ad ApreRA
Phéis‘eis

o Susa OHER! g nurman B4R KA
= - ’
AT e v
e MOJEL FoNn o
i serom Pavan nisensadn |8
| fre cann ATy G
PIASET HUHAMMER a? O
4 ggeror e Pty e Q0% Vecanl
. Avat
owase s 20
- A 3 Taon waL)
amapana e O ek EHAEANDS
e izt . A : S
BT e i
L5 MOHALLAK =0 vz gemp
L A et = bt
g E) v Sunevano
et wl iR
¥
S 8
Bt i Fizat e WonaNwan
& Y S0 swnnee
5 >
i AT RaLas sand
i suaano M ey
l BESA AREA HAsSaAN KHEEL
Ehknee
B s
3 L SAEFD AHWED
A - GHARRE Tk R
: i ~ ot
s £ [ 0 25
5 = i km
: s da

=
RAZHEED Towh ot
L Abdara
Road,
University
of Peshawarg
KoTLA WonsIH
r H
S Frasdanain

FHANDU UEHR

ADARRE LanD) ARRAZ
Sl

chERHANA
v

Surarp buERl
nougen mALa "Rl

{3
A Tann
e

Figure 5. Route Map of Peshawar BRT System.

5. Results and Discussion.
5.1. Ratings of BRT System in Pakistan as Per the BRT Standard by ITDP

As mentioned in previous sections, Pakistan has four BRT systems, i.e., Lahore,
Rawalpindi/Islamabad, Multan and Peshawar. As per the mentioned criteria of scor-
ing BRTs as per ITDP standards, the BRT systems of Pakistan were rated and the results are
shown in Table 3.
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Table 3. Ratings of BRT systems in Pakistan as per the BRT standards by ITDP.

BRT Standard Scorecard (All BRT’s of Pakistan)

Category Masximum Peshawar Lahore BRT Pindi/Isbd Multan
core BRT Score Score BRT Score BRT Score
BRT Basics

Dedicated Right-of-Way 8 8 7.85 8 8
Busway Alignment 8 8 8 8 8
Off- Board Fare Collection 8 8 8 8 8
Intersection Treatments 7 7 7 7 7
Platform- Level Boarding 7 7 7 7 7
38 38 37.85 38 38

Service Planning

Multiple Routes 4 4 0 0 0
Express, Limited-Stop, and Local Service 3 3 0 0 0
Control Center 3 3 3 3 3
Located in Top Ten Corridors 2 2 2 2 2
Demand Profile 3 3 3 3 3
Hours of Operations 2 2 2 2 2
Multi-Corridor Network 2 2 2 0 2
19 19 12 10 12
Infrastructure
Passing Lanes at Stations 3 3 2 3 3
Minimizing Bus Emissions 3 1 0 0 0
Stations Set Back from Intersections 3 3 3 3 3
Center Stations 2 2 0 2 2
Pavement Quality 2 2 1 1 1
13 11 6 9 9
Stations

Distances Between Stations 2 2 2 2 2
Safe and Comfortable Stations 3 3 3 3 3
Number of Doors on Bus 3 3 3 3 3
Docking Bays and Sub-Stops 1 1 1 1 1
Sliding Doors in BRT Stations 1 1 1 1 1
10 10 10 10 10

Communications
Branding 3 3 3 3 3
Passenger Information 2 2 2 2 2
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Table 3. Cont.

BRT Standard Scorecard (All BRT’s of Pakistan)

Category Masximum Peshawar Lahore BRT Pindi/Isbd Multan
core BRT Score Score BRT Score BRT Score
Access and Integration
Universal Access 3 3 0 2 2
Integration with other Public Transport 3 3 2 0 2
Pedestrian access and Safety 4 4 4 4 4
Secure Bicylce Parking 2 0 0 0 0
Bicycles Lanes 2 1 0 0 0
Bicycle-Sharing Integration 1 0 0 0 0
15 11 6 6 8
Total Score 100 94 76.85 78 82
Points Deductions Maximum Peshawar Lahore Pindi/Isbd Multan
Score BRT Score BRT Score BRT Score BRT Score
Commercial Speeds —-10 0 0 0 0
Peak Passenger per hour per direction (pphpd) 5 0 0 0 0
below 1000
Lack of Enforcement of Right-of-Way -5 0 0 0 0
Significant Gap Between Bus Floor and Station 5 0 0 0 0
Platform
Overcrowding -5 0 0 0 0
Poorly Maintained Infrastructure —14 0 0 0 0
Low Peak Frequency -3 0 0 0 0
Low off-Peak Frequency -2 0 0 0 0
Permitting Unsafe Bicycle Use -2 0 0 0 0
Lack of Traffic Safety Data -2 0 0 0 0
Buses Running Parallel to Brt Corridor —6 0 0 0 0
Bus Bunching —4 0 0 0 0
Total Score —63 0 0 0 0
BRT Gold 85-100 X
BRT Silver 70-84.9 X X X
BRT Bronze 55-69.9
Not BRT Below 54.9

5.1.1. Discussion on Lahore BRT

The Lahore BRT system, being the first ever BRT system in Pakistan, provided valuable
experiences that could be drawn from it. The Lahore BRT system was ranked as “Basic
BRT” by ITDP in 2014, with an overall score of 52. According to Table 3, the rating of the
Lahore BRT system has since improved to enter the “Silver” Category of ITDP (2016) [9],
with an overall score of 76.85. This increase is a result of improvements in the available
facilities, such as removing at-grade signalised intersections along the BRT corridor and
improvement in the maintenance operations of the buses. The current ranking can be
further improved by providing better access to passengers, enhancing the level of branding,
minimizing crowding by adding more buses in the fleet, improving access to physically
impaired people, etc.
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Frameworks for Key Performance Indicators (KPIs) for the Lahore BRT system eval-
uates average monthly trip realization as 98.66%, trip punctuality as 99.95%, travel time
reliability as 96.81% and schedule adherence as 97.04%, as shown in Table 4. Percentages
above the desired benchmarks determine a higher performance quality for the Lahore
BRT system.

Table 4. Key Performance Indicators for Lahore BRT system (Source: PMA).

Lahore BRT
Months
Trip Realization (%) Trip Punctuality (%) Travel Time Reliability (%) Schedule Adherence (%)
September 2019 99.69% 99.94% 97.59% 97.83%
October 2019 99.71% 99.96% 96.80% 97.04%
November 2019 98.80% 99.94% 95.94% 96.18%
December 2019 99.48% 99.92% 95.33% 95.56%
January 2020 95.11% 99.96% 96.67% 96.90%
February 2020 97.86% 99.98% 98.14% 98.37%
November 2020 99.95% 100% 97.19% 97.43%
Monthly Average 98.66% 99.95% 96.81% 97.04%
5.1.2. Discussion on Rawalpindi/Islamabad BRT
The Rawalpindi/Islamabad BRT system was inaugurated in 2015 and was rated as
“Silver” in this study when analysed in line with ITDP-2016. For the improvement of
scores, integration and access hold huge potential, since universal access for pedestrians,
bicycles and those with disabilities is something that is still lacking. Frameworks for Key
Performance Indicators (KPIs) for the Rawalpindi/Islamabad BRT system evaluates aver-
age monthly trip realization as 99.86%, trip punctuality as 99.45%, travel time reliability as
90.19% and schedule adherence as 70.01%, as shown in Table 5. The decline in the perfor-
mance for travel time reliability and schedule adherence for the Rawalpindi/Islamabad
BRT system from September 2019 until February 2020 was due to maintenance at the
Rawalpindi Package II and the Islamabad Packages I and II, which involved working at
eight stations of the Rawalpindi/Islamabad BRT system. For these performance indicators,
the reduction was to 99.95%, for travel time reliability it was to 96.81%, and for schedule
adherence, it was 97.04%, as shown in Table 4. Percentages above the desired benchmarks
determine higher performance quality for Lahore BRT.
Table 5. Key Performance Indicators for Rawalpindi/Islamabad BRT (Source: PMA).
Rawalpindi/Islamabad BRT
Months
Trip Realization (%) Trip Punctuality (%) Travel Time Reliability (%) Schedule Adherence (%)
September 2019 99.99% 99.54% 92.77% 76.99%
October 2019 100.00% 99.73% 91.57% 67.62%
November 2019 100.00% 99.19% 87.41% 63.42%
December 2019 100.00% 99.31% 87.95% 67.39%
January 2020 99.07% 99.62% 88.68% 64.88%
February 2020 100.00% 99.10% 87.76% 73.24%
November 2020 99.99% 99.69% 95.17% 76.50%
Monthly Average 99.86% 99.45% 90.19% 70.01%

5.1.3. Discussion on Multan BRT

The Multan BRT system runs between Bahauddin Zakariya University and Chowk
Kumharanwala, and it is the third BRT system in Pakistan, anticipated to cater to the daily
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commuting needs of the residents of the city. ITDP has not yet rated the Multan BRT
system. According to the results from this study, the Multan BRT system falls into the
“Silver” category of the ITDP BRT rating scale. This rating may also further increase by
providing better access to the physically impaired and improved maintenance facilities.

The framework for Key Performance Indicators (KPI) for the Multan BRT system
evaluates average monthly trip realization as 99.99%, trip punctuality as 99.61%, travel time
reliability as 99.83% and schedule adherence as 96.40%, as shown in Table 6. Percentages
above the desired benchmarks determine higher performance quality for the Multan
BRT system.

Table 6. Key Performance Indicators for Multan BRT system (Source: PMA).

Multan BRT
Months
Trip Realization (%) Trip Punctuality (%) Travel Time Reliability (%) Schedule Adherence (%)
September 2019 100.00% 99.52% 99.75% 95.60%
October 2019 100.00% 99.46% 99.77% 96.23%
November 2019 100.00% 99.61% 99.82% 96.22%
December 2019 99.99% 99.78% 99.92% 96.31%
January 2020 100.00% 99.72% 99.80% 96.62%
February 2020 99.97% 99.71% 99.88% 97.07%
November 2020 100% 99.49% 99.88% 96.73%
Monthly Average 99.99% 99.61% 99.83% 96.40%
5.1.4. Discussion on Peshawar BRT

The Peshawar BRT system was inaugurated in August 2020. As per this study, it is
anticipated to be the highest ranked BRT service in Pakistan. As per the ITDP BRT rating
scale, Peshawar BRT is rated in the Gold category.

The framework for Key Performance Indicators (KPI) for the Peshawar BRT system
evaluates average monthly trip realization as 98.99%, trip punctuality as 97.85%, travel time
reliability as 99.998% and schedule adherence as 98.50%. Percentages above the desired
benchmarks determine higher performance quality for Peshawar BRT. Table 7 shows the
details for the Peshawar BRT.

Table 7. Key Performance Indicators for Peshawar BRT (Source: TransPeshawar).
Peshawar BRT
Months
Trip Realization (%) Trip Punctuality (%) Travel Time Reliability (%) Schedule Adherence (%)

September 2019 - -* - -

October 2019 -* -* -* -*

November 2019 =¥ =¥ =¥ =¥

December 2019 -* -* -* -*

January 2020 - - - -

February 2020 -* -* - -*
November 2020 98.996% 97.85% 99.998% 98.50%
Monthly Average 98.996% 97.85% 99.998% 98.50%

* Peshawar BRT was inaugurated in August 2020, so data were not available from September 2019 to February 2020.

5.2. Statistical Model to Develop Predictive BRT Standard (The Current Research)

The Peshawar, Lahore, Rawalpindi/Islamabad and Multan BRT systems were not
evaluated and ranked by ITDP (2016). The ITDP (2016) procedure was used to evaluate and
rank the four BRT systems in Pakistan as shown in Table 8. Table 3 explains the procedure
to calculate the ratings for the BRT system, based on ITDP.
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Table 8. The BRT Standards were evaluated by adopting ITDP Standards (2016).

BRT Systems at Four Locations of Pakistan Ratings as per the BRT Standards—ITDP (2016)
Peshawar Gold
Lahore Silver
Rawalpindi/Islamabad Silver
Multan Silver

Predictive BRT standard are evaluated based on the information provided in Table 9.
Threshold values (y* is the latent preference variable) have been defined from 0-18.3130
for predictive BRT standards from Basic to Gold standards.

Table 9. Threshold values for the Predictive BRT Standard.

Threshold Values Predictive BRT Standard
y*<0 Basic
0<y*<12.183 Bronze
12.183 < y* < 18.3130 Silver
y* >18.3130 Gold

Four BRT systems in Pakistan were evaluated by as per ITDP BRT standard by using
six variables. These variables are (a) number of stations with passing lanes, (b) longest
BRT station, (c) average distance between BRT stations, (d) total length of dedicated right
of way, (e) number of vehicles/hour/one-way during peak hours in the city centre, (f)
average operating speed during peak hours in the city centre as shown in Figure 6.

ITDP BRT STANDARDS FOR FOUR CITIES OF PAKISTAN LEGENDS
ber of i with ing lanes
(Percentage)

— D Longest BRT station (m)

. Average distance between stations (m)

. Total length of dedicated lane (km)
Number of vehicles/hourione-way during
peak hours in the city center

. Average operating speed during peak
hours in the city center ( km/h)

225 185

31
26

21
22

PESHAWAR LAHORE PINDVI/ ISLAMABAD MULTAN

Figure 6. Evaluation of performance variables of 4 BRT systems in Pakistan, as per “The BRT Standard by ITDP” by using
number of stations with passing lanes (percentage), longest BRT station (m), average distance between BRT stations (m),
total length of dedicated right of way (km), number of vehicles/hour/one-way during peak hours in the city centre, average
operating speed during peak hours in the city centre (km/h) (source: data coded from ITDP) [27].

Parameters defined and evaluated by Zheng Li and David A. Hensher (2020) were
utilized to develop predictive BRT standards for four BRT systems developed, operated
and maintained in Pakistan, as defined in Table 10. Table 10, provides the Predicted
BRT Standards projection for Lahore, Rawalpindi/Islamabad, Multan and Peshawar BRT
systems, operational in Pakistan. The latent preference variable, y*, is calculated, pre-
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dictive BRT standards are determined by comparing them with threshold values. The
predictive BRT standards from this model define the Bronze BRT system for Lahore,
Rawalpindi/Islamabad and Multan BRT and the Gold BRT system for Peshawar BRT.

Table 10. Forecasting of four BRT systems in Pakistan, based on the predictive BRT standard.

A B C D EFGHTI J y* Threshold B;Tresciﬁzr 4
Peshawar 27 38 26 80 1 1 1 1 1 1 217666 y*>18.3130 Gold
Lahore 26 23 287 1030 0 1 0O 1 1 1 1019581 0<y*<12.183 Bronze
Rawalpindi/islamabad 25 23 225 90 1 1 0 1 1 1 1200925 0<y*<12.183 Bronze
Multan 25 18 185 900 1 1 0 1 1 1 1192605 0<y*<12.183 Bronze

A peak hour speed; B peak frequency; C total length of dedicated right of way; D average distance between BRT stations; E over 50%
of BRT stations with passing lanes; F pre-board fare collection and fare verification at all stations; G fully integrated network of routes
and corridors; H all Stations being enhanced station; I automated fare collection and fare verifications at all stations; J all stations being

covered accessible.

Calculations of predictive BRT standards explains how an improvement made in the
existing BRT system results in raising it to the next category of BRT standard. Figure 7
evaluated the (a) Peshawar BRT, (b) Lahore BRT, (c) Rawalpindi/Islamabad BRT and (d)
Multan BRT by using the forecasted values and the results are tabulated in Table 10. We
have provided a waterfall graphic representation of the four BRT systems in Pakistan.

5.2.1. Discussion on Peshawar BRT Based on Predicted BRT Model

BRT Standard: The predictive BRT standard from the model (Table 10) and waterfall
graphic representation (Figure 7) defines “Gold” BRT standard for Peshawar BRT.

Integration (Physical and Fare): For Peshawar BRT, a ‘Direct-service” operational
integration model is used, where Feeder BRT buses enter the BRT corridor through the
dedicated entrance and travel along the BRT corridor and use the BRT stations, and then
exit the BRT corridor through the exclusive exit. Passengers do not have to change the
stations to shift from feeder BRT bus to BRT corridor bus when they are in the designated
BRT system.

Stations: For Peshawar BRT, all the stations have bus passing lanes, this will assist
the operation of express and feeder buses along the main BRT corridor. Average distance
between the stations of Peshawar BRT are designed and executed as per the desired BRT
standards. All the required facilities have been provided at all the stations of Peshawar BRT.

5.2.2. Discussion on Lahore BRT Based on Predicted BRT Model

BRT Standard: The predictive BRT standard from the model (Table 10) and waterfall
graphic representation (Figure 7) defines Bronze BRT standard for Lahore BRT.

Integration (Physical and Fare): Lahore BRT has separate main and feeder system, this
requires passengers to transfer from feeder service to BRT main service. This transfer might
be economical in fare, but loss in time and walking distance required to change buses and
wait for the connecting service will discourage passengers to use BRT, resulting in poor
integration.

Table 10 shows that there is no integration between routes and corridors (Table 10—
Column G shows “0 = No”) for Lahore BRT. If integration exists (Table 11—Column
G shows “1 = Yes”) between the routes and corridors, Predictive BRT standard model
determine improvement in the BRT standard to “Silver” for Lahore BRT.
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Figure 7. Evaluation of (a) Peshawar BRT, (b) Lahore BRT, (c¢) Rawalpindi/Islamabad BRT and (d)
Multan BRT by using waterfall graphic representation and by using performance variables; A: peak
hour speed (km/h), B: peak frequency (bus/hour/direction), C: the total length of dedicated right of
way (km), D: average distance between BRT Station (m), E: over 50% of stations with passing lanes

(1 or 0), F: pre-board fare collection and fare verification at all stations (1 or 0), G: fully integrated

network of routes and corridors (1 or 0), H: all Stations being enhanced station (1 or 0), I: automated

fare collection and fare verifications at all stations (1 or 0), J: all stations being covered accessible (1 or 0).
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Table

11. Improvement in Predictive BRT Standard of Lahore, if integration exists.

A

B

C

D E F GHTI ] y* Threshold Predicted BRT Standard

Lahore

26

23

28.7

1030 0 1 1 1 1 1 1724961 12.183 < y* < 18.3130 Silver

Stations: For Lahore BRT, no bus passing lanes exist at the stations (Table 11—Column
E shows “0 = No”), this will avoid the operation of express and feeder buses along the
main BRT corridor. Average distance between the stations of Lahore BRT is more than the
desired BRT standards (Table 11—Column D).

5.2.3. Discussion on Rawalpindi/Islamabad BRT Based on Predicted BRT Model

BRT Standard: The predictive BRT standard from the model (Table 10) and waterfall
graphic representation (Figure 7) defines Bronze BRT standard for Rawalpindi/Islamabad BRT.

Integration (Physical and Fare): Rawalpindi/Islamabad BRT has no feeder bus service.
Travel of people from home or work without a feeder route would require more time
and walking distance to get on the BRT and wait for the existing connecting service will
discourage people to use the BRT.

Table 10 shows that there is no integration between routes and corridors (Table 10—
Column G shows “0 = No”) for Rawalpindi/Islamabad BRT. If feeder routes are introduced
and integration exists (Table 12—Column G shows “1 = Yes”) between the routes and
corridors, Predictive BRT standard model determine improvement in the BRT standard to
“Gold” for Rawalpindi/Islamabad BRT.

Table 12. Improvement in Predictive BRT Standard of Rawalpindi/Islamabad, if integration exists.

Predicted BRT

*
A°B C D EFGHTI]J .y Threshold Standard

Rawalpindi/Islamabad

25 23 225 90 1 1 1 1 1 1 19.06305 y*>18.3130 Gold

Stations: For Rawalpindi/Islamabad BRT, all the stations have bus passing lanes
(Table 10—Column E shows “1 = Yes”), but due to the non-existence of operations of
express and feeder buses and their integration, predictive BRT standards reveal the chance
of improvement. It is important that integrated (physical and fare) feeder routes to be
introduced for Rawalpindi/Islamabad BRT. The average distance between the stations of
Rawalpindi/Islamabad BRT are designed and executed as per the desired BRT standards.
All the required facilities have been provided at all the stations of Rawalpindi/Islamabad
BRT. The Provision of overtaking lanes influences the increase in BRT system ridership,
peak-hour speed and frequency [25].

5.2.4. Discussion on Multan BRT System Based on Predicted BRT Model

BRT Standard: The predictive BRT standard from the model (Table 10) and waterfall
graphic representation (Figure 7) suggests awarding the Bronze BRT standard to the Multan
BRT system.

Integration (Physical and Fare): The Multan BRT has separate main and feeder system,
this requires passengers to transfer from feeder service to BRT main service. This transfer
might be economical in fare, but in time and the walking distance required to change buses
and wait for the connecting service will discourage passengers to use BRT, resulting in
poor integration.

Table 10 shows that there is no integration between routes and corridors (Table 10—
Column G shows “0 = No”) for Multan BRT. If integration exists (Table 13—Column
G shows “1 = Yes”) between the routes and corridors, predictive BRT standard model
determine improvement in the BRT standard to “Gold” for Multan BRT.
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Table 13. Improvement in Predictive BRT Standard of Multan, if integration exists.

A

B

C

D E F GHTI ] y* Threshold Predicted BRT Standard

Multan

25

18

18.5

%00 1 1 1 1 1 1 1897985 y*>18.3130 Gold

Stations: For the Multan BRT system, all the stations have bus passing lanes (Table 10—
Column E), but the operations of express and feeder buses within the trunk corridor are
missing. So, this facility exists but it has not been utilised yet. The average distances
between the stations of the Multan BRT system are designed and executed as per the
desired BRT standards. All the required facilities have been provided at all the stations of
the Multan BRT system.

6. Conclusions and Policy Implications

Health, quality of life, and social inclusion boost long-term economic growth and
should be central considerations when prioritizing and planning projects that will impact
generations to come. To create infrastructure that is not only the best in the world, but
the best for the world, social impact should be a key driver when deciding how we build
back better. ITDP BRT standards guide in upgrading the operational BRT systems and
suggest the possible improvements that could enhance the ratings. Using information
available from the BRT systems developed around the world, this paper compares the
ITDP BRT system ratings with the statistically developed Predictive BRT standards. Four
BRT systems of Pakistan were analysed using the key contributors used for effective BRT
operations. In this study we used sample of BRT systems and predicted the scored and
unscored BRT systems to evaluate requirements for moving from the existing BRT rating
to the higher BRT rating.

The research suggests that ITDP rating can be significantly enhanced if worked in the
right direction, taking into account the standards. The Peshawar BRT system is an example
to follow for existing and future BRT systems in Pakistan. If the fully integrated network
of routes and corridors for the Lahore, Rawalpindi/Islamabad and Multan BRT systems
are developed, the model predicts that the Lahore BRT system will upgrade to Silver BRT
standard, whereas the Rawalpindi/Islamabad and Multan will be upgraded to Gold BRT
standard. Key Performance Indicators (KPI) discussed in the study show that the operation
and maintenance of all four BRT’s in Pakistan are operating within the desired range of
performance, required as per the International Standards.

The Ratings of BRT corridors could be improved if efforts are made to improve scores
under identified sections, such as service planning, universal access and integration. If the
fully integrated network of routes and corridors for the Lahore, Rawalpindi/Islamabad and
Multan BRT systems are developed, the model predicts that the Lahore and Rawalpindi/
Islamabad BRT systems will upgrade to Silver BRT standard and the Multan BRT sys-
tem to Gold BRT standard. The rankings pave the way for better quality BRT system:s,
encompassing service, cost effectiveness and efficiency.

This research recommends the following key policy implications for future BRT sys-
tems in Pakistan:

e ITDP BRT standards should be followed strictly for future BRT lines to be constructed
in Pakistan.

e Improvements in several sectors of the available BRT lines of Pakistan should be
made under the umbrella of ITDP Rating Guidelines, so that the BRT system rating is
improved.

e A Mass Transit Authority should be established at federal level to make sure that the
standardization of BRT lines may be done country wide.

e  Policies should be made to ensure that people maximize the use of public transport as
their daily mode of travel.
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