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Abstract
Bangladesh is one of the world’s most densely populated developing countries, and so is its capital Dhaka, where ever-
growing travel demand is causing congestion and numerous other transportation problems. To improve the situation, the 
“Strategic Transport Plan for Dhaka (STP)” was conceptualized in 2005 with the plan of developing mass transit systems 
(buses and rail), which was revised in 2016. The revised STP proposes two BRT bus routes for Dhaka city: BRT Line 3 and 
7. Bus stops on the proposed routes are the ultimate point locations where people at large will access these BRT services. 
Therefore, determining the locations of bus stops is crucial for these proposed routes’ overall efficiency and accessibility. In 
this study, we proposed a bus stop selection technique for the BRT Line 3 in Dhaka, which considers multi-variate influencing 
factors, including travel demand, population density, land use, accessibility of pedestrians, and accessibility of rickshaws. 
We collected data on these factors through a field survey for 77 intersections along the study route. After that, a composite 
score is assigned for each study intersection based on the five factors’ relative value and priority weights obtained via the 
Analytical Hierarchical Process technique. Finally, based on the composite score and selection criteria, we suggested 25–40 
intersections for suitable bus stop locations along the study route. The methodology used in this study to select suitable bus 
stop locations will provide citizens with better utilization and transit experience as envisioned by the BRT routes.

Keywords  Bus Rapid Transit · Bus stop locations · Suitability score · Dhaka city · Analytical Hierarchy Process

Introduction

Dhaka is the capital of Bangladesh and the sixth megacity 
in the world with a 21 million population, where more than 
23,000 persons live per sq. km [1]. Dhaka city, being the hub 
of administration, commerce, trade, education, and economic 
activities, attracts many people from different parts of the city. 
The population of this city is predicted to rise to 25 million in 
2025 [2]. The ever-increasing population induces an increas-
ing number of trips at an unprecedented rate. However, the 
transportation system is not developed in commensuration 
with the necessity of this growing population. Besides, inef-
ficient road use, inadequate traffic management, and poor 
quality of public transportation facilities worsen the traffic 
situation day by day. The deteriorating traffic conditions cause 
significant delays in everyday life and thus adversely affect 
the quality of life.

The “Strategic Transport Plan (STP) for Dhaka” con-
ceptualized a plan in 2005 for developing mass transit sys-
tems (buses and rail) to improve the situation, which was 
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revised in 2016 and named RSTP [3, 4]. Bus Rapid Transit 
(BRT) is one of such mass transit projects that introduces a 
road-based mass transport system connecting the farthest 
city points in Dhaka by these end-to-end bus routes. BRT 
buses will operate as an initiative to improve and replace 
Dhaka city’s current public bus service [3]. BRT is con-
sidered one of the most cost-effective public transportation 
systems compared to the expensive urban rail investments 
[5, 6]. This service can deliver a rapid and high-quality 
service with its route flexibility, better passenger carrying 
capacity, and cost-effectiveness [7].

In Dhaka, where the service quality of buses is 
extremely poor, BRT should aim to provide more efficient 
service to the customers than existing bus services [3, 
4]. Service quality of any transport mode is linked with 
ensuring a comfortable trip by a mode and other factors 
necessary to avail the service [7]. One such factor is 
allocating bus stops, contact points between buses and 
passengers, in a suitable place to avail this service. Studies 
reveal that when a bus stop is located in a suitable place 
with due consideration of travel demand, accessibility, and 
other factors, it can play a vital role in improving urban 
mobility. Therefore, appropriate locations of bus stops 
can increase service quality as well as users’ satisfaction. 
Because of this reason, it is of paramount importance to 
allocate bus stops in suitable locations [8–11].

The feasibility study report for BRT recommended locating 
bus stops along these routes based on a single trip generation 
criterion, passenger travel demand [2, 12]. In that, the locations 
that generate a higher volume of travel demand are considered 
more suitable as candidates for bus stops. We argue that travel 
demand is indeed an important factor but should not be the 
only decider. Instead, a combination of a handful of attributes 
with social, spatial, and trip generation parameters needs to 
be considered, all of which contribute, albeit with different 
degrees of impact on bus stops’ selection and integrated under 
a framework to determine bus stop location. For this, it is nec-
essary to follow a multi-criteria-based approach to allocate bus 
stops. As Analytical Hierarchy Process (AHP) is a multi-cri-
teria approach to determining the significance of diverse fac-
tors influencing a phenomenon and unifying the factors into a 
single framework with due consideration of trade-offs between 
them for the decision-making process, AHP might be an ideal 
approach to determining bus stop location [12]. AHP has been 
used in several studies to make important transport planning 
decisions, such as the assessment of alternate corridors to find 
a feasible route [12], prioritizing public transportation projects 
[13], and solution of logistic transportation problems [14]. But 
it has not been applied to unify various criteria in a single 
framework for determining suitable bus stop locations. This 
study aims to fill that gap in the literature.

To this end, this study proposes a bus stop selection tech-
nique that considers four more factors besides passenger 

travel demand. Among these five factors, there is one current 
trip generation factor: travel demand, two trip generation 
potential factors: land use and population density, and two 
spatial accessibility factors: accessibility for pedestrians and 
accessibility for rickshaws. Arguably, not all factors contrib-
ute equally to the selection; some factors may weigh higher 
or less than others. The degree to which each factor affects 
the bus stop selection is subject to the expert’s opinions. 
We accommodate that by taking opinions from experts and 
determining the relative importance value of these five fac-
tors via the AHP technique. We then propose a bus stop 
selection technique based on these five factors weighted by 
the expert suggested values and apply it to BRT Line 3 as a 
case study route.

Study Area Profile

The Revised Strategic Transport Plan (RSTP) for Dhaka was 
prepared considering a 20-year (2016–2035) urban transport 
policy. It prioritized the improvement of mass transit sys-
tems by proposing two major corridors for Bus Rapid Transit 
(BRT) and three routes for Mass Rapid Transit (MRT) (e.g., 
commuter rail) [3, 4, 15]. We selected “BRT Line 3” for this 
study among the two proposed BRT corridors (as shown in 
Fig. 1). BRT Line 3 ranges from Gazipur to Jhilmil. In this 
study, we have only considered the Airport to Jhilmil sec-
tion as the study route due to the time, financial, and human 
resource constraints. This study route is selected based on 
the following criteria: (i) it serves the central corridor of 
Dhaka City Corporation and runs between the new city area 
(e.g., the International Airport) and the old city part (termed 
as Old Dhaka), (ii) the government of Bangladesh provides 
top priority for this route, and (iii) the feasibility and detailed 
design study for BRT has already been conducted for a por-
tion of this route by Dhaka Transport Coordination Author-
ity [15]. The route is 22.4 km long. The number of lanes 
varies between three to four on each side of the corridor.

With regard to the land use distribution of the Dhaka 
City Corporation (DCC) area, where most of the corridor 
under study belongs, the total land area comprises 44% of 
residential areas, 4% of commercial, 4% of mixed-use, and 
7% of public facilities (e.g., medical centers, universities) 
[2]. Some of the significant planned residential areas are 
located close to the proposed BRT Line 3 corridor, for 
example, Gulshan and Banani residential areas. Higher-
income groups typically occupy these areas. One of the 
significant industrial areas (Tejgaon) is located in the 
middle of the corridor, where many industries, including a 
large number of garment factories, are located. The major 
commercial activities are primarily located on the southern 
side of the corridor. In addition, the Bangladesh Railway 
system has four rail stations near the BRT corridor. Other 
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Fig. 1   Proposed BRT Line 3 (Airport to Jhilmil) route in Dhaka (yellow-marked line) (colour figure online)
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transport infrastructures, such as International Airport, the 
larger inter-district bus terminal (Tejgaon), and the river 
terminal in (Sadarghat) are also located close to the corridor. 
This BRT corridor also includes major public facilities, 
parks, and playgrounds in the DCC area [2].

Literature Review

This section considers relevant studies on Bus Rapid Transit 
(BRT) and bus stop allocations. The rapid global expansion 
of the BRT system has generated a tantamount of literature 
on different aspects of the BRT system in developed and 
developing countries. Studies have been conducted on 
the service performance of China, India, Indonesia, USA, 
Turkey [5]; Columbia [7]; challenges of planning and 
implementing BRT in the USA, Brazil, China, UK, France, 
India, Columbia, Vietnam, Singapore [16]; socio-economic 
and environmental impact of BRT in Mexico, Turkey, 
Columbia, and South Africa [17]. Several studies focused 
on the design [15], feasibility [18], and environmental 
benefits of BRT [8] for Dhaka. However, no study has been 
conducted yet on systemically allocating BRT bus stops for 
Dhaka.

Previous studies were also reviewed to explore the 
influence of relevant factors in allocating bus stops or 
optimizing the number of bus stops along a route. APTA 
study suggests that the location of major trip origin and 
destination points on corridor, population density, and land 
use characteristics should be the significant deterrents of 
allocating bus stops [9]. Another APTA research published 
a detailed study providing guidelines to allocate bus stops 
in an accessible location [10]. The TCRP report provided 
guidelines on allocating bus stops based on the street side 
and curbside factors [19]. Several studies also investigated 
the impacts of factors including travel demand, accessibility, 
and land use on bus stop locations. Jahani et al. determined 
suitable locations for the bus stop in Tehran, maximizing 
demand coverage and minimizing access time [20]. Ahsan 
identified the optimum location of bus stops based on 
pedestrian accessibility for Dhaka city [11]. Islam et al. 
studied allocating bus stops along Kaptai Road, Chittagong, 
Bangladesh, based on four factors: public transportation 
demand, slope, land use, and available setback from the 
road using the overlay method in GIS [21]. Furth and 
Rahbee used a combination of ridership data and GIS data 
to determine the optimal number and location of bus stops 
using a dynamic programming model in Massachusetts [22]. 
George suggested that bus stops should be allocated adjacent 
to land uses with high trip generation potential [23]. Cooper 
proposed a methodology to consolidate bus stop stops 
based on transit ridership, transfer points, and existing bus 
stop locations for Route-1 California, USA [24]. Xuebin’s 

study focused on optimizing bus stop numbers by trading 
off between walking accessibility and travel demand [25]. 
Gauncha and Mejia’s research determined the number of 
BRT stations needs to be provided to minimize downtimes 
and operation costs by considering waiting time and using a 
multi-objective function [26]. Behal et al. studied the impact 
of accessibility of paratransit on bus stop allocation in New 
Delhi, India [27]. Table 1 shows a brief overview of the 
factors considered for allocation of bus stops.

The above-mentioned literature primarily focuses on 
sorting out factors influencing bus stop allocation, the impact 
of a particular factor(s) on bus stop allocation, or optimizing 
bus stop allocation by the trade-off among a limited number 
of factors. There is rarely any defined methodology or 
framework to allocate bus stops combining multiple factors 
with diversified characteristics.

Methodology and Data

To make an effective and high-quality bus transit system, bus 
stops should be allocated in suitable locations by considering 
relevant factors [7, 24]. The detailed methodology and data 
collection process are discussed in this section.

Identification of Factors Influencing Bus Stop 
Locations

In prior studies, population density is considered one of the 
critical factors in determining the locations of stops [7, 28, 
29]. While allocating bus stops, priority should be given to 
providing stops near high-density residential areas as these 
areas tend to generate more potential transit trips than low-
density neighborhoods. Passenger travel demand is also 
recognized as an influential determinant of bus stop location 
choice [3, 15, 24]. In detail, bus stops should be located near 
the major activity centers where passenger demand for buses 
is higher. It will enable a large portion of current bus riders 
to access buses easily and attract new riders [30, 31]. Since 
non-residential land uses, such as commercial, recreational, 
shopping, educational, and healthcare facilities act as 
potential generators and attractors of traffic [32], bus stops 
should be allocated considering these land-use distributions 
along the BRT corridor [33, 34].

Moreover, accessibility to pedestrians is a key element 
for an urban transit system since walking is typically con-
sidered the primary access or egress mode for urban sta-
tions [35]. Therefore, bus stops should be located in a place 
where pedestrians have a better degree of access [36, 37]. 
Intermodal connectivity with BRT, particularly a better con-
nection with non-motorized transport at stations, is also cru-
cial for a successful BRT system. In Bogotá, Curitiba, and 
Guangzhou cities, bicycles are effectively integrated with the 
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BRT system to provide better access to transit stops [38, 39]. 
In the context of Dhaka, a rickshaw, a three-wheeler non-
motorized transport, covers 38.7% of all trips [20]. People 
usually prefer rickshaws (a three-wheeled non-motorized 
mode) over other modes for short-distance travel [32]. Also, 
the rickshaw provides better modal integration between bus 
stops and trip origins and/or destinations. Besides, this mode 
is highly accessible and provides a convenient option for 
older and disabled people who cannot walk to transit stops 
[21]. The Strategic Transport Plan for Dhaka (2016–2035) 
suggested an integration of rickshaws with BRT to ensure 
an accessible BRT system [15].

Based on a comprehensive literature review, five factors: 
passenger travel demand, population density, land use, 
accessibility for pedestrians, and accessibility for rickshaws, 
which can be quantified directly, were selected to determine 
BRT bus stop locations. We did not consider median 
width as a factor since DTCA already chose BRT Line 3, 
evaluating the adequacy of median width. Topography and 
weather conditions were also not included as a factor as they 
were not quantifiable directly. In addition, as the route of 
BRT Line 3 is on flat land [15], we did not consider slope as 
the determining factor of bus stop location choice.

Collecting Data on the Identified Factors

We considered 77 intersections along the BRT Line 3 route 
for this study. After identifying the five factors, we collected 
data on each factor for each intersection from both field 

surveys and secondary sources in 2013. The detailed data 
collection process is discussed in this section.

Population Density

To collect data on population density, we first demarcated 
a circular buffer area surrounding each intersection to iden-
tify potential residential areas that can generate trips. We 
demarcated a buffer area of 1.5 km (~ 1 mile1) surrounding 
each intersection. There is a particular rationale behind this 
choice. We assumed that travelers would primarily access 
or egress from BRT stations either by walking or rickshaw 
riding. We then explored the convenient access or egress 
distances for walking or rickshaw riding. Since the Strategic 
Transport Plan for Dhaka (2005) suggested a maximum of 
0.5 km for walking and a maximum of 1.5 km for rickshaw 
riding as convenient access/egress distances [3], we consid-
ered the largest one (1.5 km) as the radius of a buffer so that 
a buffer can include possible pedestrians and rickshaw riders 
living in residential areas adjacent to intersections.

We then intersected the buffer layer with the land-use 
map to extract a layer of residential land uses within the 
demarcated buffer area. The land-use map of the study area 
was collected from a GIS database developed by RAJUK 
(i.e., the Capital Development Authority of the Government 

Table 1   A brief overview of the literature on factors influencing bus stop allocation

Literature Factors influencing bus stop allocation

APTA [9] Location of major origin and destination (places with higher travel 
demand), population density, land use

APTA [10] Accessibility to potential bus stop locations
TCRP [19] Street side factors: stop spacing, types of bus stops, location of traffic 

signal and stop sign, safety, availability of space
Curb-side factors: pedestrian accessibility, connectivity with nearest 

residential and commercial development, accessibility for people with 
disability to potential bus stop location, availability of amenities like 
benches, lighting, trash receptacles, bicycle storage facilities

Jahani et al. [20] Maximizing coverage of travel demand and minimizing travel time to 
bus stops

Ahsan [11] Pedestrian accessibility
Islam et al. [21] Public transportation demand, slope, land use, and available setback 

from the road
Furth and Rahabee [22] Allocating minimum number of bus while meeting maximum travel 

demand
George [23] Land uses with high trip generation potential
Cooper [24] Transit ridership and location of transfer points
Xuebin [25] Pedestrian accessibility and travel demand
Gauncha and Mejia [26] Minimizing downtimes and operation costs by considering waiting time
Bahl et al. [27] Accessibility of paratransit

1  In planning studies, walkable distance is considered ranges from 
1/8 mile to a mile (Layton, 2017).
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of Bangladesh) for the Detailed Area Plan (DAP) of Dhaka 
Metropolitan Development Plan (DMDP) 1995–2015 [40]. 
After demarcating the residential land uses, a household 
survey is conducted in each household to collect the number 
of people residing in those designated catchment areas. 
Finally, the total number of people was divided by the entire 
residential ground coverage area to compute population 
density (i.e., the number of people living per square km). 
This process was repeated for each of the 77 intersections.

Passenger Travel Demand

Since no secondary data was available on passenger travel 
demand of buses for BRT Line 3, the field survey method 
has been applied. We considered the peak hour passenger 
demand for buses as a representative measurement unit 
of passenger travel demand at intersections with the 
assumption that current bus users will shift to BRT after 
the implementation of the BRT project [41]. The data 
collection process is similar to the intersection volume 
survey, but instead of counting the number of vehicles at 
intersections, we counted the total number of passengers 
boarded on buses during the morning (6 am–10 am) and 
evening (4 pm–8 pm) peak hours. For each intersection, 
data is collected for one single weekday. While scheduling 
the weekdays, we avoided days of bad weather conditions 
and unusual events for the survey. We then calculated the 
average number of passengers over the eight peak hours for 
each of the 77 intersections. In this way, we only considered 
the number of current bus riders as possible BRT riders. 
There are certain limitations to this selection. For example, 
there could be modal shifts from other modes as well, for 
example, private cars, rickshaws, and other para-transits. 
In addition, there could be an increase in the number of 
bus riders when the BRT is implemented. But, due to time 
and resource constraints, this study is only limited to the 
current bus riders as a representation of passenger travel 
demand. Our major goal was to prioritize those intersections 
as bus stop locations where the composite scores are higher 
considering all the five selected factors. We believe that the 
relative scores of the factors among the bus stop locations 
(intersections) play a more significant role than the absolute 
scores of the factors at an intersection.

Non‑residential Land Use

Trip generation can be treated as a function of residential 
and non-residential land use [41]. Thus, it can be anticipated 
that a higher concentration of different land uses will gener-
ate a higher number of BRT trips. Since trip generation rate 
is proportional to the total floor area of various land uses 
[42], we considered the total floor area of non-residential 

land uses (residential uses are measured in population den-
sity) as a representative unit of potential trip generators.

Similar to the process of collecting population data 
with the assumption of people who come to a bus stop 
by rickshaw, a 1.5 km circular buffer was at first drawn 
surrounding each intersection and the buffer layer was then 
intersected with the land-use map to extract a layer of non-
residential land-uses within the designated buffer area. 
After demarcating various non-residential land uses, such 
as manufacturing and processing activities, offices, banks, 
shopping centers, educational institutions, health care, and 
recreational activity centers, a field survey was conducted to 
collect data on the number of floors for each non-residential 
building (building height) within the target zone. The 
number of floors was then multiplied by the gross floor area 
of the building (available in the DAP GIS database [40] to 
calculate the total floor areas of the building. Note that the 
gross floor area of the buildings represents the floor area 
enclosed by the outer walls of the buildings and excludes the 
setback and the roof [31, 32]. The exact process was applied 
to each intersection.

Accessibility of Pedestrians

In the context of Dhaka, accessibility of pedestrians is an 
important consideration in the bus stop location choice 
as the majority of BRT riders are anticipated to access or 
egress from stations by walk [2]. To measure the degree 
of accessibility for an intersection, we applied a technique 
called Stop Coverage Ratio Index (SCRI) measure [35]. 
According to this technique, SCRI for an intersection is 
determined by dividing the actual coverage area by the ideal 
coverage area of the pedestrian networks. The advantages of 
this technique are that it determines pedestrian accessibility 
to a bus stop based on the geometry of the road network, 
does not overestimate accessibility, and allows comparison 
among bus stop locations based on the same denominator 
[35]. A higher value of SCRI denotes greater pedestrian 
accessibility. SCRI can be expressed with the following 
equation:

In detail, at first, we demarcated a 500-m (~ 1/3 mile) 
circular buffer surrounding an intersection and recognized 
the area as the ‘ideal coverage area’ for pedestrians. We con-
sider a 500-m buffer area for an intersection as a pedestrian 
catchment area based on the suggestion provided by STP 
[3] for Dhaka. The road network map is collected from the 
DAP GIS database [40]. On the other hand, to calculate the 
actual coverage area for an intersection, we digitized a poly-
gon by connecting each point where road networks intersect 

Stopcoverageratioindex(SCRI) =
Actualcoveragearea

Idealcoveragearea
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the radius of the ideal coverage area and then consider the 
area of that polygon as an actual coverage area. Figure 2a 
shows an example of an actual and ideal coverage area for 
an intersection. Finally, the actual coverage area was divided 
by the ideal coverage area to compute the stop coverage ratio 
index, which determines the degree of pedestrian accessibil-
ity for an intersection. The exact process is repeated for all 
77 intersections.

Accessibility of Rickshaws

The accessibility of rickshaws is measured by using a 
technique suggested by Handy et  al. [43] and Tal and 
Handy [44], who applied the technique to measure bicycle 
accessibility. Here, accessibility is considered a function 
of road network connectivity. A route connected with a 
higher number of links at a node or intersection implies 
greater access to different points [44]. An indicator called 
Link to Node Ratio (LNR) is used in this study to measure 
the accessibility of rickshaws for an intersection. LNR can 
be expressed by the following equation. A higher value 
of LNR denotes greater connectivity and accessibility of 
non-motorized vehicles with the intersections (bus stop 
locations) and vice versa.

The road network map required for this calculation is col-
lected from the DAP GIS database [40]. To compute the 
link-to-node ratio, at first, we determined the number of links 
connected to each node. Since the collected road network 
map had separate shapefiles for nodes and links, we spatially 
joined them to identify the connected links with each node. 
Then, both node and spatially joined link shapefiles are 

LinkstoNodeRatio(LNR)

=
Totalnumberoflinksconnectedtonodesinanetwork

Totalnumberofnodesinanetwork

clipped with a 1500-m buffer area (suggested by STP [3]) as 
a catchment area of rickshaws to access/egress public transit 
stops) surrounding an intersection (Fig. 2b). The number of 
links and nodes in the clipped area was then computed by 
using the statistical tools of ArcGIS. A similar process is 
applied to all the intersections.

Normalization of Factor Values

Since each factor is in a different unit, we normalized 
them to bring them to a single scale of 0–1 by using the 
min–max normalization method. This method is one of the 
most common ways to normalize data. For every feature, the 
minimum value of that feature gets transformed into a 0, the 
maximum value transforms into a 1, and every other value 
transform into a decimal between 0 and 1. The min–max 
normalization equation is provided below:

where,NFij = normalized value for factor j at intersection 
i.Fij = original value of factor j at intersection i.Fj(max) = the 
maximum value of factor j among all intersections.Fj(min) = 
the minimum value of factor j among all intersections.

Assigning Priority Weight to Each Factor by AHP

Each identified factor has different levels of significance in 
allocating locations for a BRT bus stop. To prioritize the 
factors based on their degree of importance, we applied 
Analytical Hierarchy Process (AHP) proposed by Saaty 
[45]. The most significant advantage of incorporating AHP 
in this methodology is that it can be used to determine bus 
stop locations by combining any number of factors with 
diversified characteristics [45]. This technique is usually 

NFij =
Fij − Fj(min)

Fj(max) − Fj(min)

Fig. 2   a Actual and ideal bus stop coverage within a 500-m buffer and b links to node ratio within the 1500-m buffer area
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applied to situations where ideas, feelings, and emotions 
affecting the decision process need to be quantified to 
provide a numerical scale for prioritizing the alternatives. 
AHP can effectively quantify both subjective and objective 
judgments in a logical way [46]. The detailed methodology 
of the AHP process used in this study is discussed below.

Determination of weights for Factors from Expert 
Judgement

At first, a reciprocal matrix of pair-wise comparison between 
the factors needs to be developed to determine the relative 
importance of one factor with respect to others. For each 
pair of criteria, the decision-maker is required to respond to 
a question of “How important is factor 1 relative to factor 
2?” Suppose a decision problem considers “n” numbers of 
factors at a certain level of hierarchy for a given decision 
problem, then a “n × n” comparison matrix “A” is required 
to be developed. Comparison matrix “A” quantifies the deci-
sion maker’s judgment of the relative importance of different 
factors. The pair-wise comparison is made such that factors 
in rows “i” ( i = 1, 2, 3,… , n ) are ranked relative to every 
other factor. Letting aij define the element (i, j) of “A”, AHP 
uses a numeric scale from 1 to 9 in which aij = 1 denotes 
that i and j are of equal importance whereas aij = 5 implies 
that i is strongly more important than j, and aij = 9 indicates 
that i is extremely more important than j. Other interme-
diate values between 1 and 9 are interpreted correspond-
ingly. Consistency in judgment means that if aij = k, then 
aji = 1/k. Also, all the diagonal elements aii of “A” equal 1, 
because these elements rank each criterion against itself. The 
value of weights ranges from 9 to 1/9 [46]. Table 2 shows 
a sample pairwise comparison matrix with correspond-
ing priority weights given to the five factors by one of the 
experts and their calculated normalized scores. Here, for 
example, non-residential land uses are weighted two times 
more important than population density in allocating bus 
stops, and consequently population density is weighted 0.5 
(1/2) times less essential than non-residential land use. In 
our study, the value of weights ranges from 4 to 1/4, which 
indicates that the maximum weight given to a factor by the 
experts is 4. However, the range of weights varies among the 
experts. For example, Table 2 shows the priority weights of 
the expert who weighted the factors in the range of 3 to 1/3. 
After getting the priority weights, we calculated the normal-
ized scores, and priority vector and checked the consistency 
of the overall comparison matrix as shown in Table 2. The 
detailed calculation process is discussed in the following 
sections.

With regard to the number of experts required to carry 
out AHP appropriately, Saaty did not suggest any specific 
number of experts to be included [45]. Hamurcu and Eren Ta
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Fig. 3   Algorithm for identifying 
suitable bus stop locations

conducted a study on prioritizing public transportation 
development projects where the factors were weighted 
by six experts from the relevant government agencies and 
academia with more than 15 years of experience working 
in the public transportation sector [13]. In our study, ten 
recognized experts in the transportation field assigned pri-
ority weights in the pair-wise comparison matrix (which 
consisted of five factors). We selected these experts from 
a combination of professionals: transportation engineers, 
transportation planners from Dhaka Transportation Coor-
dination Authority (DTCA), Roads and Highway Depart-
ment, Capital Development Authority of Bangladesh, and 
academicians from the Department of Urban and Regional 
Planning of various public universities with experience of 
at least 15 years of work or research across multiple trans-
portation issues of Dhaka.

Computing Normalized Matrix and Priority Vector

We now have ten pair-wise comparison matrices assigned 
by ten experts. A normalized matrix is produced for each 
comparison matrix by dividing all the entries in a compari-
son matrix by the respective column total or column vector. 
We also computed a row average of weights, which is also 
called a priority vector. Any entry in the normalized matrix, 
aLij =

aij

Columetotal
 and the Row average of weight, wRij =

∑

aRij

N
 

[46].

Consistency Check of Comparison Matrix

A consistency check is necessary to identify the actual 
inconsistency in the judgment. The degree of inconsistency 
is determined to measure the logical inconsistency in the 
experts’ judgment. More compactly, given that “w” is the 
column vector of relative weightswi , wherei = 1, 2, 3,… , n , 

comparison matrix “A” would be consistent ifAw = nw . If 
a comparison matrix “A” is not consistent, then the relative 
weightwi, is approximated by the average of the “n” ele-
ments of the row “i” in the normalized matrix. If the com-
puted average vector isw , then Aw=nmaxw , where nmax ≥ n 
. The closer nmax is ton , more consistent is the comparison 
matrix “A”. Based on this observation, the consistency ratio 
is measured,CR = CI∕RI , where CI = Consistency index of 
A =

nmax−n

n−1
 and RI = Random consistency of A = 1.08 ×

n−2

n
 . 

If CR ≤ 0.1, the level of inconsistency is acceptable and tol-
erable [35]. In our study, we checked the consistency in an 
above-mentioned way for all the experts’ judgments, which 
all appeared consistent. A sample calculation of a consist-
ency check is provided in the results section.

Determining Overall Priority of the Factors

After the consistency check, we determined the overall 
priority of each factor. For each factor, we calculated a 
geometric mean of all the corresponding values of the 
priority vectors (calculated from ten experts’ weights).

Computing Suitability Score for Each Intersection

We computed a suitability score for each intersection. A suit-
ability score is defined as the weighted sum of factor (five) 
values. The reason behind multiplying factor values with 
respective weight is to prioritize each factor. As discussed, 
each factor’s weight is determined using the AHP technique. 
Required data for this technique were collected from expert 
opinion surveys. The following equation defines the suit-
ability score used in this study.

ui =

5
∑

j=1

wj × vij
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where,ui = suitability score at the intersection iwj = prior-
ity weight calculated from experts’ opinion for factor jvij = 
normalized value for factor j at intersection i

Identification of Suitable BRT Stop Locations

Figure 3 shows the algorithm for identifying suitable bus 
stop locations (intersections). The algorithm works as fol-
lows. It first arranges all intersections in their ascending 
order of cumulative distance from the first stop. The pro-
cess then iterates over the intersections one by one (indexed 
by i) and selects the best suitable intersections as a solu-
tion. The process starts with selecting the first intersection 
(i = 1) [line 1 in Fig. 3]. For each last selected intersection 
(index i), the process finds a set of “suitable” intersections 
that immediately follow the last selected intersection and 
those that are within a distance of min and max as speci-
fied by the configuration [line 4]. Let this set be Y. If more 
than one intersection becomes suitable (that is, Y contains 
more than one element), the intersection with the largest 
u-value (suitability score) is selected and added to the solu-
tion [lines 5–6]. The last selected intersection index is then 
updated to this selection, and the process continues until all 
intersections are considered. Suppose the very last intersec-
tion of the route is not selected so far. In that case, the last 
intersection is unconditionally added to the solution [lines 
9–10] because the last intersection needs to be selected as a 
bus stop location.

Most BRT stops are located 500–600 m apart in built-up 
urban areas. On the other hand, in comparatively lower 
population density countries, for example, in the US and 
Australia, the average spacing is considerably longer 
(1.5 km) [5]. IDTP [47] reports that the spacing ends up 
between 450 and 500 m (quarter mile) in most contexts. 
Beyond this, more time is required for bus riders to walk 
to stations than is saved by higher bus speeds. Below this 
distance, bus speeds will be reduced by more than the 
amount of time saved by shorter walking distances. Thus, in 
keeping reasonably consistent with optimal station spacing, 
ITDP has suggested average distance between stations 
should be between 300 and 800 m [48].

In this study, we run the iteration process to select suit-
able locations of bus stops by specifying different configu-
rations described by the minimum distance between two 
successive bus stops and the maximum allowable distance 
between two stops. If bus stops are allocated too close, stops 
will be underserved, and the operating speed of BRT buses 
will be negatively affected. On the other hand, if bus stops 
are allocated too far, there will be access problems for peo-
ple to reach the stops. We wanted to explore how the selec-
tion of bus stops varies as we change the configuration. For 
example, (300, 800) meter configuration implies that no 
bus stop should be selected less than 300-m distance from 

the immediate prior bus stop. Also, the distance should not 
exceed more than 800 m. We tried several other configura-
tions as well to select the bus stops, such as (300, 1200), 
(300, 1500), (400, 1200), and (400, 1500) meters. The com-
plete conceptual framework used in this study to identify 
suitable locations for bus stops is shown in Fig. 4.

Determining Journey Speed of the BRT

According to DTCA, it will require 42 min = 2520 s for a 
BRT bus to travel between two terminal points of BRT Line 
3, excluding dwelling time on bus stops [15]. DTCA has 
considered 20 s of dwelling time for each bus stop; if total 
“n” bus stops are provided along the route, total dwelling 
time will be 20n seconds. BRT buses will not stop for any 
other reasons.

Total journey time TT = 2520 + 20n seconds = 2520+20n
3600

 
hours.

As BRT Line 3 is 22.4 km long, journey speed = 22.4
TT

 
=  22.4

2520+20n

3600

 km/hr.

DTCA mentioned that BRT bus stops will be allocated 
to maintain at least a journey speed of 23 km/h, considering 
total dwelling time [15].

Results and Discussion

This section discusses the field survey data, priority scores 
from the expert survey, and a discussion on the suitable 
location of bus stops.

Data on Five Identified Factors

Figure 5 shows the histogram and cumulative distribution 
function (CDF) of the five factors for all 77 intersections. 
One common observation is that all five factors have uni-
modal distributions (one peak in their histogram). Figure 5a 
shows the histogram of population density measured in the 

Fig. 4   Conceptual framework to identify suitable bus stop locations 
for BRT
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logarithm of population density (number of people per square 
kilometer). Since population density varies in a wide range 
(some values are way higher than the rest of the values), we 
took a logarithm to offset the large variation. This is natural 
to observe in the context of a crowded city like Dhaka that 
some intersection points may be way more crowded than 
others, as the population is not uniformly distributed but 
rather skewed in the areas. We observe that around 20% of 

intersections serve less than 10,000 (104) people per square 
kilometer, whereas 95% of intersections serve less than 106 (1 
million people) per square kilometer. Exactly three intersec-
tions serve more than 1 million people per square kilometer.

Figure 5b plots the distribution of the number of pas-
sengers boarded on buses during peak hours across the 
intersections, and we note that the median value is 140. 
We observe that 25 intersections are located in a location 

dnamedlevartregnessaP)b(ytisnednoitalupoP)a(

(c) Non-residential land uses 

(e) Accessibility of pedestrians (d) Accessibility of rickshaws 

Fig. 5   Histogram for five identified factors
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where nearly 200 people ride on buses during peak hours, 
whereas 80% of intersections have this value less than or 
equal to 200. Furthermore, the total floor area of non-
residential land use varies from 2500 thousand to 40,000 
thousand square kilometers (Fig. 5c), and the overall 
distribution appears to be quite normal-like bell-shaped 
across the intersections. Figure 5d and Fig. 5e display 
the degree of accessibility of pedestrians and rickshaws, 
respectively that the candidate intersection locations 
offer. This accessibility is measured in the bus stop to 
coverage ratio and link of node ratio, respectively. The 
median accessibility indices are 0.855 and 1.74, respec-
tively. We notice that around 70 percent of intersec-
tions have a bus stop to a coverage ratio of less than 0.9, 
whereas 80 percent of intersections have a link to node 
ratio of less than 1.8. All intersections have pedestrian 
accessibility equal to or higher than 0.8, and no intersec-
tions are observed to have a rickshaw accessibility index 
less than 1.7.

Table 2 shows the correlation between all pairs of 
these five factors. We observe that all pairs of factors 
have positive correlations except the rickshaw accessibil-
ity index, which has negative correlations with the other 
factors. Population density is positively correlated with 
land use, whereas higher land use leads to higher travel 
demand. It indicates that more bus trips are generated 
in areas where more people reside. Highly dense areas 
have fewer road networks for non-motorized vehicles, so 
rickshaw accessibility decreases with a higher density of 
population (correlation − 0.156). Again, the areas with 
higher rickshaw accessibility generate less travel demand 
by buses (correlation is negative). This is because there 
can be other modes of transportation available (private 
cars or others) in those areas, so fewer people make bus 
trips. Similarly, in the locations where rickshaw acces-
sibility is low, more people tend to travel by bus because 
there are no other better options.

Priority Weight Value for Each Factor

After collecting data on five factors, we normalized the 
factor values. Then we prioritized the factors based on 
their degree of importance by applying the Analytical 
Hierarchy Process (AHP). According to AHP, pairwise 
comparison matrices between factors are developed based 
on ten experts’ judgments (step 1). A normalized matrix 
is then produced for each of the comparison matrices by 
dividing all the entries in a comparison matrix by the 
respective column total (step 2). After that, we calcu-
lated the priority vector by dividing the row total by the 
number of factors (step 3). We also checked the degree of 
inconsistency in the judgments and found all the incon-
sistencies within an acceptable limit (step 4). Finally, 

we calculated the priority weight of each factor (step 5). 
The detailed step by step process of this calculation is 
discussed in the methodology section (Sections “Deter-
mination of weights for Factors from Expert Judgement”, 
“Computing Normalized Matrix and Priority Vector”, 
“Consistency Check of Comparison Matrix”, “Determin-
ing Overall Priority of the Factors”).

Table 3 shows a detailed calculation of all steps for 
one of the experts as a sample. The first 5 × 5 matrix 
represents the pairwise priority weights given to the five 
factors by the sample expert. The second 5 × 5 matrix 
shows the normalized score of each of the cells of the 
first matrix. As mentioned, the normalized score of each 
of cell in the second matrix was calculated by dividing 
the value of each cell of the first matrix by the respective 
column total of that matrix. For example, in the second 
matrix’s first cell, the value 0.25 was calculated by divid-
ing 1 (first cell of the first matrix) by 4 (first column total 
of the first matrix). The column titled “row total” was 
computed by summing up the values of each correspond-
ing row of the second matrix. For instance, the first cell 
of the “row total” column 1.26 was the summation of 
0.25, 0.30, 0.33, 0.11, and 0.27. The priority vector was 
then calculated by dividing the values of the row totals 
by the number of factors (e.g., the first cell of this vector 
is: 1.26∕5 = 0.25 ). We then checked the degree of incon-
sistency in the judgments. For example, the consistency 
measure for the factor population density was calculated 
in the following way:

C o n s i s t e n c y  M e a s u r e  f o r  P o p u l a t i o n 
Density = (1×0.25+1×0.29+2×0.19+2×.14+1×012)

0.252
= 5.268

As CR < 0.1 , pairwise matrix is consistent.
The consistency measures were calculated for other 

factors as well in the same way (shown in Table 2). The 
step-by-step calculation was repeated for all ten experts. 
The calculated priority vectors of all the experts are 
shown in Table 4. Last, we calculated the final prior-
ity weight of each factor by taking the average of the 
priority weight values of the ten experts. For exam-
ple, the final priority weight of population density is: 
0.25+0.28+0.30+0.22+0.18+0.25+0.25).22+0.27+0.25

10
= 0.2447

nmax =
5.268 + 5.303 + 5.322 + 5.285 + 5.218

5
= 5.27

CI =
5.27 − 5

5 − 1
= 0.069

Forn = 5,RI = 1.12

CR =
0.069

1.12
= 0.062
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Suitable Locations of BRT Bus Stops

Next, we computed the suitability score for each intersection. 
Then, we ran the program to identify suitable locations for 
BRT bus stops. We ran the iteration process to select suitable 
locations of bus stops by specifying different configurations 
(detailed discussion in the methodology section. The output of 
the program for different configurations is shown in Table 5.

According to Table 5, the average distance between 
two stops and operation speed is the lowest (560 m and 
24.78 km/h) in the (300, 800) meter configuration, and the 
number of bus stops is the highest among other configura-
tions. On the other hand, the lowest number of bus stops 
and operating speed is found for the (300, 1200) configura-
tion while the average distance is highest for it. Constraints 
should be fixed in such a way so that a balance can be estab-
lished between the choice of the number of stops (related to 
the economic constraints) and the average spacing between 
stops. The possible feasible configurations of distances for 
BRT Line 3 to maintain a journey speed of 23 km/h (rec-
ommended by DTCA) while not exceeding the average 
distance between bus stops of 800 m (recommended by 
ITDP) are configuration ID 1–9. Configuration ID 10–16 
reveals possible configurations of bus stop distances where 
the average distance is above 800 m and does not align with 
ITDP’s recommendation. But, configuration ID 16 will pro-
vide a higher speed. A sample illustration of BRT bus stop 
locations at (300, 1200) configuration is shown in Fig. 6.

Comparison of Proposed Bus Stop Allocation 
Method that of Concerned Authority

This section compares the methods of identifying bus stop 
locations between the concerned authority and this study. In 
this study, we identified suitable bus stop locations based on 
the composite value determined through AHP by combining 
the five factors while maintaining a balance between oper-
ating speed and accessibility. On the contrary, DTCA, the 
concerned authority for designing and implementing BRT 
in Dhaka, prioritized travel demand to allocate bus stops. 
DTCA showed a preference for intersections along with land 
use features with high trip generation potentials such as sta-
diums and airports to allocate bus stops [15]. They did not 
consider the trip generation potential of other surrounding 
land uses in allocating bus stops. Our study considers trip 
generation potential for all surrounding land uses. DTCA 
has emphasized accessibility for pedestrians but in terms 
of installing new overpass, underpass, and foot over-bridge 
after choosing bus stop locations [15]. They did not consider 
the existing road network, which ensures better accessibility 
at a lower expenditure. They also ignored accessibility for 
rickshaws as a factor in determining BRT bus stop locations.
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DTCA has suggested 16 bus stops maintaining an average 
distance of 1500 m among two consecutive bus stops, which 
is very high in the context of a highly dense urban area like 
Dhaka. Besides, when the average distance between bus 
stops is high, it will reduce accessibility for pedestrians. We 
suggest feasible solutions for maintaining the average dis-
tance between bus stops below 800 m. We propose different 
numbers of bus stops that can be provided while maintain-
ing a balance between accessibility and speed. Based on the 
availability of funding, a decision can be taken on how many 
bus stops are to be provided (Table 6).

Conclusions

This paper proposed a bus stop selection technique based on 
multi-factor analysis. We identified that five determinant fac-
tors, including population density, passenger travel demand, 
land use, accessibility of pedestrians, and accessibility of rick-
shaws affect the choice of the possible locations of bus stops 
for a mass rapid transit route. While these five factors influence 
the suitability of a candidate intersection to be chosen as a bus 
stop, their contribution to the choice is not uniform; instead, 

they have varying contributions. We conducted an opinion 
survey on experts and derived the relative weights of these 
factors by applying the Analytical Hierarchical Process (AHP). 
With that, we compose a suitability score for each intersection 
point and choose the locations that have the largest sum of 
these scores subject to the inter-bus stop spacing constraint. 
We applied the technique to 77 intersections of a proposed 
BRT route in Dhaka city (BRT Line 3 proposed in STP, 2005) 
and identified 25–40 suitable locations as bus stops.

Although this study considered five factors for 
determining bus stop location, it can be expanded to any 
number of relevant factors. The methodology followed in 
this study can also be applied to allocate bus stops on new 
bus routes and relocate bus stops in suitable locations on 
future bus routes for Dhaka as well as any other city in the 
world. As the study is not focused on design aspects of bus 
stops, physical and operational features are not included 
as factors. According to the layout plan of BRT stops, 
the issue of availability of pedestrian crossing and traffic 
signals, visibility, and safety will be addressed by installing 
the required amenities. For this, they were not considered 
as a factor influencing the bus stop locations of BRT Line 
3. Separate studies can be conducted incorporating the 
perception of people living in the surroundings of BRT Line 
3 regarding the visibility and safety of the intersections. As 
there are no designated rickshaw stops in Dhaka city, the 
location of rickshaw stops could not be considered a factor 
in allocating bus stops. Future studies can be conducted 
considering the travel time of bus riders to reach bus stops 
and network-based accessibility features in determining BRT 
bus stop locations. The study was focused on developing an 
efficient methodology to allocate bus stops. For this, issues 
such as transport equity was not taken into consideration 
while comparing methods followed by DTCA and this 
study. Research can also be conducted to allocate bus stops 
from the perspective of transportation equity, the potential 
of transit-oriented development, and the integration of non-
BRT services in the context of Dhaka.

Due to time and resource constraints, this study is only 
limited to the current bus riders as a representation of pas-
senger travel demand. However, we believe that the relative 
scores of the factors among the bus stop locations (intersec-
tions) play a more significant role than the absolute scores 
of the factors at an intersection. In addition, since this study 
involved extensive field survey in collecting data on five 
factors along the 77 intersections, due to the financial and 
human resource constraints, we could not collect data for 
the whole route of BRT Line 3 (Gazipur to Jhilmil) and 
thus, ended up considering only the Airport to Jhilmil sec-
tion of BRT Line 3 as the study route. We believe that bus 
stops can be allocated in the rest of the section of BRT Line 
3 by following the methodology discussed in this study. It 
can be concluded that the proposed way of selecting bus 

Fig. 6   Suitable BRT stop locations at (300, 1200) meters constraints
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stops provides better efficiency and transit experiences to 
city dwellers compared to DTCA’s method, particularly in 
terms of maintaining a balance between speed and acces-
sibility. It will also help transit authorities and government 
agencies to allocate bus stops systematically.
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