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ABSTRACT

Overcrowded buses are a common sight in Dhaka, IBdesh, swerving between rickshaws
and auto-rickshaws, blaring their horn, and shgutint the next spot the bus will stop. Two
primary bus services operate in the city, tickedad local, differing in fare collection, stop
patterns, and price. They carry the largest shiaméps in Dhaka, and both are overcrowded.
Understanding the differences between the two, leowl crowding affects their curbside
operations, could show which is the more effectvay of moving passengers. By
developing a method to evaluate a system which sedisorderly from the outside, the
effects that crowded conditions have on performameee studied. Data was collected over
half a year through on-board studies of the dviglétand loads the buses carry. Despite the
uncomfortable conditions crowded buses createdss@ngers, they operate more efficiently
for the volumes they carry. Local buses in particiwere shown to be more effective in
transporting the population. Crowding is a necgssaue that Dhaka must live with, until a
relieving mass transit system can be built.
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INTRODUCTION

Any resident in Dhaka, Bangladesh will speak of howercrowded their city streets have become in
recent years. Constant traffic jams are not undepeas it is the capital city of the densest cguint the
world. Unfortunately, Dhaka'’s struggles will conim because it is growing at the second fastestofate
the twenty most populated metropolises in the wk)d The roads of the city are clogged with vehicles
all day long making travel unbearable. All shaped sizes of vehicles are part of the traffic: hpudled
carts, pedal rickshaws, auto-rickshaws, temposs,taxivate cars, and a wide array of buses. Alghoa
circular waterway ferry system is in planning aedezal rapid transit train plans are being debafigin

the national government, all current major travedies must make use of the crowded roadways. The bus
system, consisting of mostly private operatorsdiesithe largest share of those using the strébese
buses typically ply overcrowded, but the extenwvhich they do so differs by the type of bus service

BACKGROUND

At first glance it would seem that Dhaka has a goadsportation system with plenty of low emission
vehicles and a high rate of public transport usddee problems arise due to a lack of transportation
infrastructure in the city and absence of a trasystem to handle the volumes that currently eldsially

in a city with a well functioning transportationstgm, about 25% of the land usage should be fa roa
transport. Dhaka, however, sits at around 8% arudtiivds of these are non-engineered surfagps (
Dhaka could perhaps handle such a lack of roadstrincture if there were other options for trawgleut

it lacks a mass transit system as well as an argdrbus system, the only city of its size worldwidde

in such a position?). Dhaka'’s total number of buses is not enoughotafortably handle the number of
passengers that desire to use bus services. Haqudassain describe in their report that Colombo, S
Lanka has 7600 buses for 4.6 million people, wBiteka is desperately lacking with only 2000 for ten
million (3).

Few people living in the dense urban fabric of Chakvn automobiles. Private automobiles are
owned at a rate of only 33 per 1000 persons, laggehind all other Asian citieg})( Non-motorized
transport dominates 80% of movement: over 400,8@maws clog city street§)and pedestrians pack
the remaining space. Pedestrianism is higher ink®hhan in any other city of its size, with 60% of
residents choosing this mode for convenience on@oic reasons. Rickshaws account for 50% of the
traffic flow, and are the most popular choice fbhod distance trips?). Rickshaws only carry travelers so
far, however, and restrictions on where they cawvetrin the city forces many trips to be done bg.[%0
despite the large amount of non-motorized transpages are still carrying over half of Dhaka'vélers
although they only account for 10% of all vehidl&s

While other Asian megacities have high rail usagi@ree of their public transit options, Dhaka’s
rail travelers within the city are a miniscule fiiaa of the total. Without a rail system to suppéhthe
volume on the roads, travelers going longer diggamaust board the wide array of privately ownedebus
that operate on the city streety).(To meet the fast growth demands the number sé$unay have to
increase up to seven times larger within fifteeargeIn order to meet the demands of travelerstand
survive financially, the private bus companies nay&rcrowd their buses in order to keep operatsga
result, they are not investing in updating or agitay their fleets §). These factors have all helped to
produce a bus system which is overcrowded and rddrkesafety, performance, and comfort issues.

Busesin Dhaka
Dhaka has several types of buses plying the stréleés2004 Dhaka STB)divides buses into several
categories: minibuses (41%), microbuses (30%)elarges (13%), auto tempo/laguna maxi (12%), and
staff and school buses (4%). Residents of Dhakanstehd the bus system as divided mainly into ticke
buses (Figure 1), local buses (Figure 2), and tesmpo

The first two of these categories were the sulgéthis study. Ticket buses have set stoppages on
their routes, which can be located by the comparéspective ticket counters. Their fares are cbdd
on the curbside from ticket sellers associated edith private company and have a single conduator o
board who checks tickets at the doorway. Almosbfthe large buses are ticket buses and a signific
number of the minibuses operate as ticket buses.

Local buses have stoppages that are unmarkedhdyuate fairly consistent with where they stop
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on their routes, and have on-board fare collectimeal buses can also be boarded and alightedditom
any point on the route, at the conductor’s disoretlhey typically operate with two conductors, arie
collect fares and one who stands at the doorwaljriinpotential riders from the side of the roadefh
are a handful of large buses that operate as lbasas, but the vast majority of local buses arélmses.
There is a noticeable economic gap between thesrifticket and local buses. Ticket bus fares
are always higher than local bus fares, usuallg Bsw Taka. This slightly higher fare pushes awdgrs
who have lower incomes and cannot afford to spefalvaextra on a ticket bus. The ticket bus, with it
higher fare, is typically quicker and has an imdervhich is better kept than a local bus, sucheas holes
in seats. Additional benefits may sometimes inclbhdaging handles to grip for standing passengers to
hold (rather than a metal bar suspended from tii@ge organized waiting lines at stops, and ogjli
fans. The socioeconomic response to this is tHatsiof ticket buses are typically of a higher abclass,
and even view local buses as beneath them, sitdiog one carries a slight stigma of poverty.

Bus behavior in Dhaka varies significantly depegdam the drivers and conductors operating
them. Skipping of stoppages, cutting routes staort, dwelling for very long periods at the curb accu
unpredictably, although this is more often obselivddcal buses. These annoyances to travelergargn
between off-peak and on-peak periods. It is fos¢heasons that many travelers choose to avoiagridi
buses 7). Common complaints from bus riders in Dhaka idellong waits for buses, unexpected delays
while the bus is moving, lack of comfort, and longlks from origins and destinations to the bus stop

9).

Overcrowding On Buses
The buses of Dhaka are bursting at their seams peiisengers, with travelers, forced to hang out the
door frames in the most extreme conditions, filladbavailable space in the aisles, as seen inr&igu
This not only is a comfort issue for many passesigpeit also affects the safety level at which theelu
operate. For many passengers, the link betweendimgvand safety is strong, with some feeling ndyon
less comfortable but also less safe amongst thgirassengers during crowded conditio®)s I a report
about the ergonomics of bus riding, Kogi descrihesy passengers are able to handle the crowded
conditions, but tolerance for such conditions daseeafter a certain threshold. As either the nurober
passengers and the length of time for being crowddependently increase, passengers reach a point
where they are perplexingly discomfortddy; In Dhaka this can be a serious issue becauie fems
are prevalent. As the bus sits in traffic, the anmtoaf passengers walking past and boarding the bus
increases, while concurrently passengers are amguong waits under these increasingly crowded
conditions.

How the operations of buses change when they areded is not a greatly understood topic.
Most of the studies focus on the dwell times of g, the amount of time it waits at the curb. Taok
of research in this area is due to the amountneé theeded to gather this type of data, requiritg af
man-hours at a high cost, only to produce a snaafipde size. It is generally accepted that the fione
alighting is less than that for boarding, but figairon how much this changes per passenger varies
significantly between studiegX). As well, it is shown that the time the bus speatthe curb is linearly
related between the number of boarders and algiit&y, but how it relates to the bus’s current loading
is not considered. Many studies have considereddhenes at which buses’ travel at and how it exat
to capacity, but do not relate them to dwell tirh2, (L3, 14).

METHOD

In Dhaka’'s bus system the wide array of bus tygegh tolerances for crowded conditions, and
reactionary behaviors for operation by the condgctmd drivers create an interesting environment to
observe the effects of crowding on bus operati®hs. structure of the study was aimed to targetizert
variations in bus types and examine the way thefppaed when overcrowded. Because the goal was to
capture what happens at individual stops, as opimsthe route as a whole, it was decided thatriztya

of buses needed to be captured in the data colleddf primary importance was the differences iwho
the two main bus types, ticket and local, operAtestratified sample of buses was chosen for riding,
ensuring that data would be collected about diffedmor numbers and arrangements on both ticket and
local buses. Ultimately, 90 ticket bus trips andld&al bus trips were collected. Ticket buses have
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wider variety of door arrangements and more wetkeced to not emphasize any certain bus design.
Local buses were generally all the same bus degidditionally, ticket buses have less stops thaallo
buses, so more ticket buses were needed to inctleaisesample size of stops. Each of the routesewer
ridden three times in each direction. Routes waiesen from all parts of the city, and when possiale
route which started and ended within city limitdl Buses would be ridden only within the city lisit
For this study the study riding limits were seidullahpur in the northeast, Jatrabari in the Iseast,
and Gabtoli in the northwest.

All routes were ridden from origin to destinatiar, the geographical limits of the study. The
researcher sat on the door side of the bus, irr dodebserve what happens at the curb. A voicerdeco
was used to count each board and alight, the &aivéh departure time of the bus from the stop, thed
point at which the bus rejoined the traffic streddassengers who boarded and alighted in betweps sto
were noted as early or late in reference to theigue or next stop. The number of people standefgrie
the first row of seats and immediately in frontloé middle or back doors was recorded as a mea$are
bus’s crowding levels. The number of people whoaieed at the bus stop who could not board and the
number of passengers with some part of their badside the doorframe were also recorded.

The riders’ opinions of riding crowded buses wallected over a two hour period at one of the
busiest bus stops in the city. The site was selelséezause the stop’s design had ticket bus passenge
boarding several bus lengths upstream from thd meses. This made separating the ticket bus asad lo
bus passengers into survey groups very simple. tibadily, upstream of the stop was an intersection
controlled by traffic police, and the buses caméunsts, leaving ample time in between for survgyin
The survey was three questions long and was coadidbtough face-to-face interviews. The questions
were phrased for “yes” or “no” responses and watlered to be quickly asked to riders waiting foeir
bus. The survey was written in English and traeslatto Bengali before delivered to the subjects.

RESULTS

Differences between ticket buses and local buseseny clear. Local buses almost always get crowded
at some point during the route, much more freqyehtin the ticket buses. All of the local busesie¢id

for the study had passengers standing. This diffénan ticket buses, of which only 66 of the 90ded

had riders in the aisles. The larger size of tidketes means it is more difficult to fill them, kalso
meant that they can hold immense numbers of passemndnen necessary. Five ticket bus routes had over
50 standing passengers at some point during theie r

The difference between the frequency of crowdinduis to their passenger collection methods. A
local bus will commonly remain at a stop for seVaranutes until the conductor feels the bus is
sufficiently loaded, which typically means everyspible space is filled. Some local buses will leave
stop when a second bus of the same route arrivéschedules are roughly kept so that the firstvalls
already be sufficiently crowded by the time of #ezond bus’s arrival. Ticket buses, however, tylyica
wait only for the passengers already waiting far blus at the stop to board before departing, ajmou
there are occurrences where the bus will wait at gtop for passengers. The consequences these
operational practices have on crowding are thaallbuses leave almost all their stops with people
standing inside, while ticket buses are much mitedyl to leave with partial loads.

The operational practices are reflected in thd tidarship of the routes. Local buses carried on
average 174 riders for each run, compared to olyiders for ticket buses. One reason for the highe
ridership is that potential passengers have highposure and access to local buses. Local busesgave
over seven more stops on their routes than ticks¢dy 24 to 17 respectively, providing opportusifiar
people to get on, and attracting more riders bgwalig them closer access, through more departure
options, to their destination. The reduced numbetaps, and the practice of local buses waitingteps
to increase ridership, meant that ticket busestimi their routes nearly 20 minutes faster thaalloc
buses. Local buses though, because of their higldership, still transport twice the number of
passengers per hour on the road than ticket bueeal buses transported on average 117 passergers p
hour, ticket buses only 59.

Breaking the entire routes down to the stops theterthem up, the manner in which a route gets
crowded with passengers, and to the degree thegrgeted, is realized. Over all the ticket busesdy o
28 percent of all visited stops (1549 total) adyuahd passengers standing after departing, avegdiye
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standing passengers per stop. Solely examining4beticket bus stops when standing actually ocdurre
though, there was an average of 18 standees. $hédtion of the stops at which standing occureed
seen in Figure 4a. Local buses departed crowdadratch higher rate, nearly 60 percent. The locaébu
had an average of nine standing passengers ovérdii¥érved local bus stops, with fifteen standees f
the 635 stops that had standing. Figure 4b showditribution for those stops after which standing
occurred. In both parts of Figure 4, each bar hbs &ize of five. Local buses are crowded muchemor
often than ticket buses, although ticket buseshigieer amounts of people standing due to theircalpi
larger size.

In order to take into account the size of the vieksiadhe load factor for the bus after each stop ca
be calculated. Doing so allows buses with a rarigeumber of seats to be compared. The load fastor i
the ratio of number of passengers on the bus treentimber of seats available. In Figure 5, theetiekd
local bus routes’ stops’ load factor distributicar® compared. Local buses see a much greater share
stops that have higher load factors compared kettiouses. In Table 1, the Level of Service (LGSgls
and the equivalent qualitative description are ghowhe dividing line in Figure 5 represents the
threshold of passengers having to stand. Althoigkett buses had several buses with high numbers of
standing passengers, it is seen now that the ngm#icant issue of crowding occurs in local busas,a
much higher percentage of those are traveling & EQwhen passengers are crushed in the aisles.

The level of crowding throughout the route peakshim middle for both ticket and local buses.
The typical bus route in Dhaka does not start amagnsit hub, but instead on a less busy stiag.to
a lack of storage facilities, buses must be patkeltiside when not in use. Operators thus preftcate
their route origins just past a busy part of thetepusually one or two stops past. Here they eavice
buses and allow drivers to break for meals wherssary. In order to see how packed a bus became at
different portions of its route, bus routes werkt gpio fifths and the distribution of load fac®for stops
in each segment of the route are visualized inr€i@gu In both of these cases, the beginning anthgnd
stops near to the origin and destination are i&elyIto reach a bus’s capacity. However theresaneral
instances of ticket buses characteristically gettinlly crowded at the beginning of the route and
retaining such levels until the final stop whenhealighting occurs. For local buses, the seveuabr
that were crowded at the beginning and end of tioeites typically had delays, and passengers \eftre |
gueued at stops, filling the bus up early on. Fathtbus types, it is the middle of the route whitwe
maximum crowding levels are seen.

Typically the standing passengers congregate arthndoors of the bus. Although this would
seem to indicate that there would be extra delaynduthe stop, due to passengers needing to push
through large groups of people to alight and bod#rdy not as severe as it could be. Passengers hav
adapted to the crowds and know to get to the defaorb the bus reaches the stop. Figure 7 displets t
as a result of passenger adaptation, there islitdeychange in the rate at which passengers baac
alight. Variation in the rate when the bus is cred/dan many times be contributed to the bus béuuks
in a jam of other buses and arguments between mpgesand conductor. Ticket buses and local buses
which wait to fill up their bus with passengers tirese with a load factor below 1.0 and with tecosels
or more per boarding and alighting passenger thOsieerwise, theypical rate for Dhaka buses is
between two to six seconds per passenger. What isappening is any particular trend indicating tha
crowded bus has longer dwell times,

The dynamics inside the bus that allow such cozstst even at the most crowded levels,
involve a bit of pushing and aggressiveness. Figwsbows a bus that has every standing space ectupi
although still not at the maximum load, it stillées passengers to have to shove one another td boa
and alight. Any sitting passenger who stands taoogthe door to alight is instantly replaced by agex
standing passenger. Alighting passengers force wagy through the crowd and others shift towards th
back to allow room at the front. Thus, the majodfythe passengers who desire to alight from thedra
already at the door by the time the bus arrivethatstop, which cuts down dwell time. This leads to
boarding passengers having space to board on thditactly by the door, with limited pushing invely,
helping to reduce dwell time. The conductor of blus is many times an integral part of maintainimg t
best performance, yelling to passengers to movk ib#taeir stop is farther along the route.

Passenger Surveys
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248 bus passengers waiting at the Sat Rasta huénslejgaon were surveyed. Approximately half were
local bus riders, the remaining half boarded tidkases. Nearly 90% of the surveyed passengers were
male. The results of the surveys indicate that ali¢he large majority of passengers say they are
frustrated with overcrowding, with a slightly higheumber of local bus passengers reporting this
statistic. This makes sense, as the local bus pgeseare more likely to experience crowded conliti
Despite this frustration, most passengers saywmeyd not avoid a crowded bus. Only a quarter oélo

bus respondents said they were willing to pay forarspace. Appropriately, this number was higher fo
ticket bus riders, nearly half said they would bifing to pay for more space. Effectively, thathew
ticket buses operate now.

DISCUSSION AND CONCLUSIONS

Local buses, by their nature, are prone to be cedw@€onductors and drivers eager for earning more
money aim to crowd the bus. The results showedltleat buses do take slightly longer to completgrth
routes because of this curb dwelling, but the numab@assengers they transport per hour is twiae dh
ticket buses. Although ticket buses do provide @lar passengers willing to pay for more comfdeab
non-crowded conditions, they are not exempt frgrant often become crowded mid-route. Effectivaly,
local bus is more efficient over its route, andsisafe to say that overcrowding is a necessauge ifsr
Dhaka.

The two service types have to a degree been bldmglsadme companies in operation, but with
no particular success. A bus service with off-bofaclleting but non-set stoppages is not a practical
combination unless a citywide fare card could Isitinted and accepted by a large number of operator
Combining on-board fare collection with set stomsags already how some local buses with strict
stopping rules operate. This, however, still resimtiong dwell times at pick-up locations, andgeasgers
still alight as they please because slow operadiregeds do not discourage it.

Prior to the start of data collection, it was hypstized that crowding on buses would cause delay
in dwell times, and this delay would increase imam-linear fashion. It was reasoned out that each
additional passenger on the bus has to push thrimegbasingly more people to get off or on the bus.
was reasonably assumed that each additional passengld take a bit longer to board the bus than th
passenger before. This would result in a non-lineerease in dwell times. The results do not shdwatw
was initially hypothesized. It is possible that dag¢he passengers’ adaptation to the crowded tions
dwell times were inadvertently reduced from whatlgoexist if all riders did not adjust. Before thes
has even reached a stop, most of the passengersaviido alight have already stood up from theatse
and are waiting by the door. If the bus is extrgnoebwded, passengers begin making their pathdo th
door extra early, knowing they have a large numifeother passengers to squeeze through. If a bus
spends more time at the bus stop it is generaliypecause the bus was crowded or not.

In Dhaka, crowded buses may in fact be a solutica inuch larger problem. Due to the extreme
levels of congestion in the streets of the citysdsucannot keep consistent schedules. This means th
passengers will prefer to board a crowded bus, avéme risk of their personal safety, rather thvait an
unknown length of time for the next bus to stattisTwas particularly evident when headways between
buses of the same company shrunk due to the uwepabdity of traffic flows. A crowded bus would
arrive at a stop, followed quickly after by a nowwwded bus of the same company. Most boarders fough
to squeeze into the few spots on the first buserathen take the open spots on the bus which would
leave a minute or two later. The operators do nmtear to discourage these large loads. Any
countermeasures against crowding, such as bypassopg when crowded, were left mainly to the
conductor’s discretion. Unless Dhaka'’s traffic attan improves, there is little to motivate operatto
reduce crowding and move to more consistent schiedahd operations because even the passengers are
content to handle it.

Overall, although Dhaka’s bus riders may not like trowded conditions, the majority will still
use the crowded system and are not willing to pdsago board vehicles with open seats. For this, t
city’s planners should be relieved. A reductiotus overcrowding would mean increasing the number o
buses on the road, something that Dhaka cannotdaffn increased number of vehicles on the road
would jam up its roads more. Until the traffic sition can be improved through a planned mass transi
system, whether it be rail or bus rapid transigr¢his no motivation to make efforts to reduceltzls
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Dhaka’s buses carry. This relieving infrastructigrestill a decade or more away, and its currentesys
must find ways to cope.

Dhaka is currently trying out new bus transportattions to help maximize the use of the road.
Articulated buses have recently been purchased tosbd by private companies, meaning one bus can
carry higher loads if current crowding conditiomsnain the same. Also plans to institute a digitaliz
ticket system on the busy Uttara to Azimpur rodtk.existing companies on that route will run under
one name and ticket system instead of competinch veach other. These new operational
implementations in Dhaka should be studied to be# effect on overcrowding situations and dwell
times. The various improvements may have some sadgoereducing delay, but ultimately, crowding of
the buses will remain necessary until a mass tragstem arrives. Since it was seen that overcrdwde
buses operate at the curb similarly and often gujakrowding should not be discouraged.
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FIGURE 1 Typical large bus operated as a ticket bus.
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FIGURE 2 Typical minibus operated asalocal bus.
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FIGURE 3 Passengerson an over crowded ticket bus hang out the door, grasping the door frame to stay on.
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(2) Crowding Levels on Ticket Buses
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FIGURE 4 Histogram of crowding levels for (a) 446 ticket bus stops (28%
stops (59% of total) that had crowding.
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Load Factor Distribution
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FIGURE 5 Distribution of load factors at stops for ticket and local buses, normalized for the sample size
of each. Load factorstotheright of the vertical line indicate a bus wher e some passengers must stand.
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L oad
LOS ft%/pass. (m*/pass.) Factor Quialitative Threshold
A >12.9 (>1.20) 0.00-0.50, No passenger needs tmegitto another
B 8.6-12.9 (0.80-1.20) 0.51-0.75 Passengers cansehawhere to sit
C 6.5-8.5 (0.60-0.79) 0.76-1.00  All passengerssian
D 5.4-6.4 (0.50-0.59) 1.01-1.2% Comfortable starldad for design
E 4.3-5.3 (0.40-0.49) 1.26-1.50 Maximum schedudello
F <4.3 (<0.40) >1.50 Crush loads

TABLE 1 Passenger Loading Level of Service Thresholds

Note: Adapted from Perk et. al
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(a) Ticket Bus Crowding Levels by Fifths
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(b) Local Bus Crowding Levels by Fifths

18

mF
BE
mD
ac

oB

0%
Sth Ist

Segment of Bus Route

2nd 3rd 4th

5th

oA

FIGURE 6 Distribution of load factors for (a) ticket buses and (b) local buses by the segments of the

route, split up into fifths. L oad factorsare described by LOS level.



19
Katz, Donald and Rahman, Md. Mizanur

Boarding and Alighting vs. Load Factor
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FIGURE 7 Distribution of time required per passenger for boarding and alighting to occur, compared to
the crowding level of the bus.
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FIGURE 8 Passengerson a crowded ticket bus haveto forcetheir way through othersto get to the door.



