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ABSTRACT 1 
The changing wave of national transportation policies, shifting its course from ensuring mobility 2 
towards accessibility, has been quite a new phenomenon in developing countries. The National 3 
Integrated Multimodal Transport Policy (NIMTP) 2013, not only focuses on providing 4 
accessibility through integrated sustainable transportation modes but also emphasizes on transit 5 
equity when a transportation investment decision is made. Down this line, the government of 6 
Bangladesh has undertaken the development of Mass Rapid Transit (MRT) to curb the city’s 7 
transportation issues, among so many, namely traffic congestion. The study intended to assess 8 
accessibility and equity across TAZs using a multimodal network dataset. The study mainly 9 
focused to evaluate how the proposed MRT would impact accessibility and transit equity to the 10 
prevailing context created by the public bus network.  Working population across the TAZs were 11 
classified into low - income and high-income groups based on their association in low-skilled job 12 
industry and high-skilled job industry. The population of these groups were considered as 13 
demand, and the accessibility scores were compared against them to analyze how the 14 
introduction of MRT would influence equity. Accessibility estimates were made for 30 minutes, 15 
45 minutes and 60 minutes interval. Development of Lorenz curve and Gini index revealed that 16 
the introduction of MRT is less likely to contribute to improve inequity between these groups 17 
even though accessibility is likely to increase significantly within groups. These result would 18 
contribute to help understand the gap between the formulated national level policy and the extent 19 
of execution from the context of a developing country.  20 
 21 
 22 
Keywords: Public transit, Accessibility, Equity, Employment opportunity.  23 
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INTRODUCTION 1 
The aim of any integrated transport policy is to improve the travel mode choice that helps people 2 
to achieve opportunities that are not available at the trip origin. Accessibility measures provide 3 
an indicator as to what extent this aim is being met [1]. Accessibility measures have been gaining 4 
momentum as an indicator of public transit performance and affordable housing. This allows for 5 
a more balanced approach to transportation analysis than traditional measures such as mobility-6 
based measures of performance [2]. Litman described this phenomenon as a paradigm shift 7 
compared to the traditional way of identifying and evaluating transportation problems and 8 
investment decision making [3]. While mobility-based planning favors automobile-oriented 9 
development, accessibility-based planning considers improvement to alternative modes by 10 
offering more choices for the captive riders [4]. 11 
 12 
Transportation plans in Dhaka, the capital city of Bangladesh, has been mostly focusing on 13 
mobility-oriented solutions until the last decade where traffic congestion is causing a yearly loss 14 
of 3.2 billion working hour equivalent to billions of dollars’ worth of economy [5]. Although the 15 
national policies of Bangladesh highlighted ensuring accessibility, little has been done to 16 
implement them. Strategic Transport Plan (STP) considered accessibility as one of the primary 17 
goals and objective assessments [6]. National Integrated Multimodal Transport Policy (NIMTP) 18 
included accessibility as its prime objective [7]. This policy set increasing accessibility across all 19 
walks of lives as one of the investment criterions as well.  20 
 21 
A major share of longer distance home – to – work trips in Dhaka city are performed using 22 
public transport [8]. In this context, the Dhaka Mass Rapid Transit (MRT) project was proposed 23 
in the STP in 2010 and revised in 2015 [9]. MRT, as defined by the STP, consists of both the 24 
Bus Rapid Transit (BRT) and the Metro rail. The project seeks to modernize the city’s mass 25 
transit mode. However, the change in accessibility brought about by the project is yet to be 26 
evaluated with closer insights. The primary purpose of transportation is to enable people to reach 27 
their valued destinations such as employment opportunities and provide accessibility. So, the 28 
study focused on how the proposed MRT would change transit equity given the prevailing transit 29 
inequity created by the public bus network.  30 
 31 
 32 

LITERATURE REVIEW 33 
Ingram stated that the term accessibility is not well defined till now [10]. Even though the 34 
discussion was done in many literatures, a common definition for accessibility is hard to find 35 
[11]. Hansen first defined accessibility as a measure of overcoming spatial separation to some 36 
distributed activities [12]. In recent times, accessibility is referred to as the ease of reaching 37 
valuable destinations within a given travel time [13] [14]. Valuable destinations can be 38 
employment opportunities which are income generating activities [15]. Total employment can 39 
also be used as a measure of attractiveness of an area [16]. Distance, travel time or monetary 40 
units can be considered as cost to reach the destinations [17] [18]. 41 
 42 
Geurs & Eck identified three perspectives to measure accessibility – infrastructure-based, 43 
activity-based and utility-based measures [19]. Activity-based measures include potential-44 
accessibility measure. Potential measures estimate the accessibility of opportunities in zone i to 45 
all other zones under diminishing influences [20]. This measure is also known as the Hansen 46 
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measure and has widely been used for analyzing accessibility to different destinations such as 1 
jobs [21, 40]. This study used potential-accessibility measures to estimate and assess the 2 
variation of accessibility to employment opportunities. One of the advantages of this measure is 3 
that it works for assessing accessibility where data is scarce [20]. 4 
 5 
Studies show that employment accessibility varies with location and most job inaccessible areas 6 
are usually located at the periphery of a city or region [2]. It was also found in the same study 7 
that centrally located areas tend to have highest job accessibility in a city. Levinson found that 8 
accessibility was associated with economic productivity and property values [13].  9 
 10 
Accessibility to jobs or other interests is instrumental to the development of sustainable transport 11 
and sustainable urban development [22]. Sustainable urban development emphasizes the 12 
importance of accessibility for economic development, environmental objectives and equitable 13 
access. Transit’s inaccessibility can deter development to low-income people [23,41]. Early 14 
transportation equity focused on welfare and profit maximization without considering 15 
disproportionality for different classes and groups [24]. In developing countries, focus has turned 16 
towards how public transport can bridge the gap between welfare recipients and job locations in 17 
various forms since the last decade. Equity has been a major concern for providing public 18 
transport and demands for legislative attention in many countries [25]. 19 
 20 
DATA AND METHODS 21 
Dhaka City was divided into 92 TAZs by Dhaka Transport Coordination Authority (DTCA). 22 
These TAZs were used as the origins and destinations for network analysis. 23 

 24 
Figure 1: Study area (Source: Dhaka Transport Coordination Authority (DTCA), 2015) 25 
 26 
For this purpose, the centroids of the TAZs were chosen to represent the spatial unit [26] [27] 27 
[28] [29] [30]. According to a study, an area of 58 sq. km. or less can be represented with its 28 
centroid [31]. The average area of the TAZs is 1.46 sq. km. So, it can be assumed that the 29 
centroid of the TAZs would be an acceptable disaggregation of the entire study area. 30 
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Network Analyst tool of ArcGIS was used to simulate the traffic flow of the city and identifying 1 
the reachable destinations from each TAZ. For network analysis tool to work, complete road 2 
network including the bus routes and proposed MRT routes were developed. OpenStreetMap for 3 
Dhaka was used as the road network [32]. Bus and proposed MRT routes were collected from 4 
the DTCA [33]. There are 226 bus routes totaling in 194.87 km. The proposed MRT project has 5 
seven lines consisting of five Metro Rail lines and two Bus Rapid Transit (BRT) lines as shown 6 
in Figure 2. 7 
 8 

(a) (b) (c) 
Figure 2:  Routes of the study (Source: OpenStreeMap, DTCA) 9 
 10 
The bus stops and MRT stations were used as transfer points for switching between transport 11 
modes. It was assumed that rickshaws, a local non-motorized three wheeler, would work as 12 
feeder service to avail the prevailing public bus and proposed MRTs. Since travel Time was 13 
chosen as the deterrence function, speed of the modes was needed to calculate this variable. 14 
After extensive field survey and cross-checked with available references, the speeds were chosen 15 
as follows: seven km/h for bus ( [5], 30 km/h for metro rail [34], 23 km/h for BRT [35] and six 16 
km/h for rickshaws [33]. Waiting time for bus and rickshaws were considered as 15 minutes [33] 17 
and 4 minutes [36] respectively. In case of Metro rail and BRT, average waiting times were 18 
estimated 3.5mins [34] and 3mins [35] respectively. 19 
 20 
Using this multimodal network, an O-D Matrix was generated with the help of Network Analyst 21 
Tool. This matrix identifies the reachable destinations from each TAZ. Like many other 22 
developing countries, data availability is a big concern and always stands on the way of research 23 
work. Therefore, Total Persons Engaged (TPE) across TAZs was used as a proxy variable for job 24 
opportunity available assuming no vacancy exists. This data was collected from Economic 25 
Census, 2013 prepared by the Bangladesh Bureau of Statistics (BBS). 26 
 27 
 28 
 29 
 30 
 31 
 32 
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Employment Accessibility for each TAZ was calculated using the following formula: 1 
 2 ∑  [37] 3 

Where  = Accessibility measure of TAZ i to potential opportunities in TAZ j 4 
  = Number of jobs accessible from TAZ i in TAZ j 5 
  = Travel time on public transport between TAZ i and j 6 
 7 
Working population across the TAZs were classified into low - income and high-income groups 8 
based on their association in low-skilled job industry and high-skilled job industry. Economic 9 
census of Bangladesh confirms18 industry sectors prevailing in Dhaka. They were divided into 10 
low - skilled jobs and middle or high skilled jobs. Low skilled jobs include “Manufacturing”, 11 
“Construction”, “Whole sale and retail”, “Repair of motor vehicles and motorcycles”, and 12 
“Transportation and storage” [23].  High skilled jobs are comprised of “Mining and quarrying”, 13 
“Electricity, gas, steam and air conditioning supply”, “Water supply, waste management, 14 
sewerage and remediation activities”, “Hotel and restaurant”, “Information and communication”, 15 
“Financial and insurance activities”, “Real estate activities”, “Professional, scientific and 16 
technical activities”, “Administration and support service activities”, “Public administration and 17 
defense, compulsory social security”, “Education”, “Human health and social work activities”, 18 
“Art, entertainment and recreation” and “Other service activities” [23]. To measure equity, the 19 
Gini index was measured using an approximation formula which is: 20 
 21 

 [25] 22 
 23 
Where  = Gini Index 24 

 = Cumulated proportion of the population variable for k = 0, …., n with 0 and  25 
 1 26 

 = Cumulated proportion of the accessibility variable for k = 0, …., n with 0 and  27 
 1 28 

 29 
 30 
RESULTS AND DISCUSSIONS 31 
Figure 3 depicts that TAZ 1 experiences the lowest employment accessibility score among all the 32 
TAZs. Location of this particular TAZ has been identified as the reason behind this. Being 33 
isolated on the northern part of the city has caused this TAZ to have the lowest accessibility 34 
score. Figure 3 also offers that accessibility scores of 30 and 45 minutes interval for public bus 35 
and 30 minutes interval for proposed MRT are found to be affected by outliers. 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 

TRB 2019 Annual Meeting Paper revised from original submittal.TRB 2019 Annual Meeting Paper revised from original submittal.



Debnath, Hossain and Sreezon  7 
 

Public Bus 
30 Minutes interval 45 Minutes interval 60 Minutes interval 

   
MRT 

30 Minutes interval 45 Minutes interval 60 Minutes interval 

   
Figure 3: Distribution of accessibility score for 30, 45 and 60 minutes interval for Public Bus and 1 
MRT (Source: Author) 2 
 3 
This initial observation shows that proposed MRT is likely to provide better accessibility with 4 
greater time interval and brings up the areas with poor accessibility to a better off status. 5 
However, the shift is not proportional, the better off areas are even more benefitted by the 6 
proposed MRT project. When the accessibility scores are mapped with respect to the TAZs of 7 
Dhaka city (Figure 4, Figure 5, Figure 6), the highest employment accessibility appeared not in 8 
the city’s spatial center, rather a little towards Southern part of the city (Figure 6). This is 9 
because the southern part of Dhaka was the historical core of the city and earlier commercial 10 
regions are located there including Motijheel, the most dominant CBD of the city (RAJUK, 11 
2016). For the same time interval, MRT is likely to provide better accessibility, and some of the 12 
peripheral TAZs are likely to reach up to moderate accessibility. An estimated 52% of the TAZs 13 
shifts above the mean accessibility level in 30 minutes interval time when MRT is introduced. 14 
 15 
A significant spread effect can be seen for 45 minutes interval for proposed MRT (Figure 5). 16 
Public bus accessibility does not increase significantly, while most of TAZs including peripheral 17 
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areas are likely to acquire considerable accessibility up to moderate level due to MRT. When 1 
travel time is increased to 60 minutes, proposed MRT is likely to provide better accessibility to 2 
the peripheral areas in the north (Figure 6). More areas are covered in the higher accessibility 3 
regions. Even areas which did not have an accessibility score for MRT in 30 minutes interval is 4 
now able to reach valuable jobs. An estimated 88% of the TAZs would shift above the mean 5 
accessibility level for switching to MRT from public bus. Compared to current public bus routes, 6 
proposed MRT is more likely to significantly increase accessibility (p < 0.05).  7 

 8 
For the same travel times, proposed MRT provides better accessibility than public bus. 9 
Accessibility measured for proposed MRT under 45 minutes travel time demonstrates a better 10 
accessibility than the public bus could offer in 60 minutes travel time. Proposed MRT thus 11 
provides similar or better accessibility than public bus saving 15 minutes travel time. 12 
Accessibility, likely to be offered by proposed MRT and measured for 30 minutes time interval, 13 
makes it possible to reach around the same no. of jobs as compared to public bus for 60 minutes 14 
travel time. 15 
 16 
The changing color patterns reveal that improvement in accessibility scores are not uniform. The 17 
accessibility scores improve in the north-south direction much faster than in the East-West 18 
direction. As seen in Figure 2, most of the bus and proposed MRT routes in Dhaka are aligned in 19 
the north-south direction resulting in a likelihood for the TAZs near them to improve their 20 
accessibility faster. The eastern and western TAZs did not improve as much as compared to the 21 
northern TAZs. These TAZs are highly reliant on local and collector road system to get access to 22 
the arterial roads before they could avail the facility. 23 
 24 
  25 

Figure 4: Map of accessibility scores of the TAZs for 30 minutes interval (Left: Bus; Right: MRT) 
(Source: Author) 
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 1 
  2 

Figure 5: Map of accessibility scores of the TAZs for 45 minutes interval (Left: Bus; Right: MRT) 
(Source: Author) 

Figure 6: Map of accessibility scores of the TAZs for 60 minutes interval (Left: Bus; Right: MRT) 
(Source: Author) 
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SECTORAL COMPARISON 1 
It has been recognized that proposed MRT indeed improves public transit accessibility, adding to 2 
the current public bus transit system but the distribution of the benefit across various groups calls 3 
for the transit equity concern. Working population across the TAZs were classified into low - 4 
income and high-income groups based on their association in low-skilled job industry and high-5 
skilled job industry. Based on these two categories, analysis was conducted to identify whether 6 
the introduction of proposed MRT decreases the disparity between the two groups or does it 7 
favor one over the other. For this aspect, accessibility maps were prepared for both these groups 8 
(Figure 7, Figure 8 and Figure 9). 9 
 10 
Comparing before and after scenarios from the figures, it is evident that introduction of the 11 
proposed MRT benefits both the low and medium or high-income class jobs. Such as in Figure 7, 12 
before introducing MRT, both low and medium or high-income jobs have low accessibility 13 
scores. Only a handful of TAZs were in high accessibility zone with medium or high-income 14 
jobs having a more spread in moderate accessibility level. This situation is likely improves for 15 
both the groups when the proposed MRT would be realized. Medium or high-income jobs get 16 
benefitted more in terms of accessibility while a lot of TAZs get improved for low income jobs 17 
but still lagging behind medium or high-income class. Accessibility measured for 45 minutes and 18 
60 minutes travel time offer similar findings as well (Figure 8 and Figure 9 respectively). 19 
With increasing travel time interval public transit accessibility is likely to be improved for low 20 
skilled sectors. However, the growth is likely to be lagging behind compared to that of medium 21 
or high skilled sector. For low skilled sector, a much greater number of TAZs have now moved 22 
up from low accessibility zones for 45 minutes travel time. Medium or high skilled sectors 23 
display that for 45 minutes travel time, most of the TAZs now have moderate to high 24 
accessibility with only a handful suffering from low accessibility. 25 
 26 
Under 60 minutes travel time, it is observed that most of the TAZs are likely to experience 27 
higher accessibility for medium or high skilled jobs while for low skilled jobs, with a striking 28 
improvement in accessibility as compared to bus only situation, the improvement is still not as 29 
satisfying compared to the accessibility benefits likely to be enjoyed by the high-skilled jobs 30 
(Figure 9). The medium or high skilled sector has moved from the majority being in the low 31 
accessibility zones using bus for 30 minutes travel time to the majority being in the high 32 
accessibility zones using proposed MRT for 60 minutes travel time. Since proposed MRT 33 
increases accessibility, it has comparatively higher impact on high-skilled jobs shedding a sense 34 
of disparity between the groups.  35 
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Figure 5: Accessibility of low and medium or high-income jobs before and after MRT for 30 1 
minutes travel time (Source: Author) 2 
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Figure 6: Accessibility of low and medium or high-income jobs before and after MRT for 45 1 
minutes travel time (Source: Author) 2 
 3 
 4 
 5 
 6 
 7 
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Figure 7: Accessibility of low and medium or high-income jobs before and after MRT for 60 1 
minutes travel time (Source: Author) 2 
 3 
 4 
 5 
 6 
 7 
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 1 
If only one of the sectors is considered and the progress is cheked, then it reveals how the 2 
situation improves for the sector with travel time. In case of medium or high skilled sector, it 3 
reveals that the accessibility likely to take place due to the introduction of the proposed MRT for 4 
30 minutes travel time is almost comparable to that of provided by the bus with a travel time of 5 
60 minutes. Proposed MRT could reduce travel time required for by almost half for medium or 6 
high skilled jobs. At 45 minutes travel time, proposed MRT could provide a rather high 7 
accessibility to almost half of the TAZs in Dhaka, and at 60 minutes travel time, almost all of the 8 
work force engaged in high-skilled jobs would enjoy high accessibility. 9 
 10 
For the low skilled sector, similar pattern is realized when accessibility is likely to be offered by 11 
the proposed MRT within 30 minutes travel time is comparable to that of accessibility provided 12 
by the bus service to this sector in 60 minutes travel time. However, unlike middle or high 13 
skilled sector, for 45 minutes travel time the accessibility increase does not encompass the 14 
majority of the areas. For 60 minutes travel time, the situation improves even more and now 15 
almost half of the workforce engaged in this sector in Dhaka is likely to experience better 16 
accessibility. 17 
 18 
 19 
IMPACT ON EQUITY 20 
Lorenz curve and Gini indices were produced for all the scenarios in order to assess the change 21 
brought by the introduction of MRT.  22 
 23 
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Figure 8: Lorenz Curve for before and after introduction of MRT (Source: Author) 1 
 2 
For 30 minutes travel time, medium or high - skilled jobs have more equitable access as the 3 
index value for low income in present situation is 0.74 and high income is 0.69. Both of these 4 
values get decreased when MRT is introduced, and reduce to 0.63 and 0.60 respectively. For 45 5 
minutes travel time, the gini index under public bus context, for low skilled jobs is 0.63 and for 6 
high-skilled is 0.60. The index scores get lowered down to 0.56 and 0.54 for low-skilled jobs and 7 
high-skilled jobs when MRT would start rolling. For 60 minutes travel time, the gini indices 8 
appear to be .59 and 0.56 for low- skilled and high-skilled jobs which lowered down to 0.52 and 9 
0.48 respectively, when MRT would start operating.  10 
 11 
The results showed a decrease in Gini coefficient within group at the cost of keeping the indices 12 
relatively constant between groups when compared under different travel time scenarios and shift 13 
in mode.  14 
 15 

0

20

40

60

80

100

0 20 40 60 80 100

Cu
m
ul
at
iv
e 
pr
op

or
tio

n 
of
 a
cc
es
sib

ili
ty

Cumulative proportion of population

Perfect equity

Low income (G=0.63)

High income (G=0.60)

0

20

40

60

80

100

0 20 40 60 80 100

Cu
m
ul
at
iv
e 
pr
op

or
tio

n 
of
 a
cc
es
sib

ili
ty

Cumulative proportion of population

Perfect equity

Low income (G=0.56)

High income (G=0.54)

0

20

40

60

80

100

0 20 40 60 80 100

Cu
m
ul
at
iv
e 
pr
op

or
tio

n 
of
 a
cc
es
sib

ili
ty

Cumulative proportion of population

Perfect equity

Low income (G=0.59)

High income (G=0.56)

0

20

40

60

80

100

0 20 40 60 80 100

Cu
m
ul
at
iv
e 
pr
op

or
tio

n 
of
 a
cc
es
sib

ili
ty

Cumulative proportion of population

Perfect equity

Low income (G=0.52)

High income (G=0.48)

TRB 2019 Annual Meeting Paper revised from original submittal.TRB 2019 Annual Meeting Paper revised from original submittal.



Debnath, Hossain and Sreezon  16 
 

 1 
MAJOR FINDINGS AND CONCLUSION 2 
The study concludes that with the addition of MRT, the accessibility of the TAZs in the study 3 
area would likely to improve significantly. The TAZs around the southern part of Dhaka enjoy 4 
the highest level of accessibility. Although the accessibility spreads outwards from the area with 5 
increasing travel times but it is not uniform. The areas around the routes benefit most due to their 6 
proximity to the service provided. Since most of the routes of Dhaka are North-South oriented, 7 
the improvement follows this pattern. The development primarily spreads in this direction and 8 
then spreads in the East-West direction following the secondary roads.  9 
Following the overall development, the sectoral analysis reveals that although both the high and 10 
low-skilled jobs show the same growth pattern as the overall study area, their growth rate varies. 11 
For accessibility measured under same travel time, high-skilled jobs show better accessibility for 12 
most of the TAZs than low-skilled jobs.  13 
In case of equity, it was observed that the pattern of improvement follows the accessibility 14 
growth. With increasing travel time, accessibility gets increased for both public bus and 15 
proposed MRT, after switching from bus to MRT, their scores are likely to improve even further.  16 
Therefore, the study suggests that inclusion of MRT could be accounted for improvement of 17 
overall accessibility within various groups of people as opposed to lessening public transit 18 
inequity prevailing the current condition as observed from Lorenz curve and Gini indices. 19 
Although the National Integrated Multimodal Transport Policy 2013 stated that projects would 20 
be undertaken towards ensuring equity for all but the results obtained in this study assume a 21 
mismatch between documented policy and likely reality. 22 
 23 
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