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Abstract - - Global warming and recent technological
advancements have had impacts on our environment.iiA
pollution worldwide is perceived largely to be oneof the
major causes of global warming. The greatest sourcef
emissions has been established to be principally ¢h
automobiles. A gas such as carbon dioxide, which
contributes to global warming, is recognized by sentists
as one of the chief pollutants. A diverse school of
thoughts exists. Some sees gas as being essentalife
and have presented differing interpretation to gasheing
classed as a pollutant. However, road vehicles reimaa
major source of air pollution in urban areas. Resuks
from recent research studies undertaken by AEA Enagy
and Environment group show that road vehicles are
responsible for over half of the nitrogen dioxide
emissions and over 75% of carbon monoxide emissioirs
the United Kingdom. In most areas in Europe, these
pollutants are principally the products of combustbn
from heating, power generation or from motor vehice
traffic. Pollutants from theses sources are not ogl a
problem in the immediate vicinity of these sourcedut
also can travel long distances, chemically reactinim the
atmosphere to produce secondary pollutants such azid
rain or ozone. The study of this complicated proble,
based on the mathematical modeling and research
techniques applied to transport in relation to the
environment remains a challenge. We designed and
administered questionnaire to understand the custoers’
attitude. In-depth study was also undertaken involing
obtaining and analyzing data from statutory bodiesand
the business sector, especially the transport secé
providers. The case study reported in this paper foused
on commuters at the University of Ulster and the
environs. The university has approximately 28,000
students and over 3500 employees. Through the usé o
mathematical modeling techniques, we defined a moti®
address the problem of bunching and propose stratggo
improve public transport on the municipal level. The
operations model developed is used to define the
objectives and design measures to reduce the greenise
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gas emissions and other types of air pollutions
attributable to transport. We also examine whetherthe
services in place and the policy of the local trapsrt
systems in the region is satisfactory to the custars.
This was considered important taking cognizance othe
need for service improvement and customer satisfaon.
This papers reports on attitudes towards the varios
forms of transport (public and private transport, cycling,
walking etc.). Also examined and presented are the
policies in place to encourage the use of publicansport
and other measures for improved environment and the
protection of individuals and society. A brief comprison
of available transport systems is reported. It is
established that learning and knowing about the
environment is important. Engineering education isa
useful vehicle for achieving this goal. It providesthe
means and tools for developing the information and
acquiring such knowledge, understanding and skillsThe
use of public transport and promoting awareness ofts
use is vital to achieving improved environment anda
healthier society.

Index Terms - Transport Modelling, global warming,
engineering education, greenhouse gas emissioquality

INTRODUCTION

In Europe, the continuing rise in private car usdras
resulted in increasing demands on energy and faat,
material resources and space and the situationd cbal
described as overburden. Transport emission is asethe
major source of air pollution. Of this, over 90%ederious
emission comes from cars.

There exist a relationship between transport
environment: emission from vehicles such as cadioxide
generates the air pollution. Air pollution contribs to
climate change and results in global warming. Inerg
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timesit is claimed that human activities directhntribute to
climate change.

Public transport is acknowledged to be the mostiefft
mode of transport to reduce traffic congestion, rowp

with the intention to raise awareness and stimufgegest in
understanding key issues the society cared about.

There is one single operator with sole control enmhopoly

emission performance and mitigate situation of glob on public transport service provision in Northeraldnd. Its

warming. However, it must be noted that not allnierof
public transport play positive role in society. ttan

provision covers the railways, bus services andsponsible
for over 70 million bus and rail passenger journeggh

substantially be dependent on measures to imprbee tyear. Interview with the technical unit of this cpamy

service frequency, span and coverage, better ahygarity
for bus operation,
integration and fuel types [1]. The present resear@mines
the frequency of the local public bus departureetmo
design a mathematical model, with a focus on addrgshe
bunching problem and passengers’ satisfaction.

REVIEW OF TRANSPORT MODELING AND
SIMULATIONS

reveals that the dedicated uni-link bus serviceery popular

improved marketing and servicewith public users and students. A relational dasabsystem

is used to arrange timetable and modify the tinetatach
year according to the demands. To offer betteriputlis
service the following were designed: a 76 seatsbldou
decker and single decker with 44 seats on low flaob3
seats type bus and a 65 seats high capacitybygpes. It is
claimed that the services offered are independently
monitored and is geared towards benefiting theocnsts.
Although as yet there is no in-house environmetdted
studies conducted into the improvements and ineckase

Bunching problem is not new to society. Bunching ha of public transport services to date, this is sdvimegt they are

been defined by Taylor, Yong and Bonsall, as aatiin
involving vehicles traveling in clusters on thads [2]. Due
to limited amount of work done in modelling relatedbus
bunching, we adopted a variety of ways and appesadbr
the present study.

In the year 2003, Milan Krbalek and Petr Seba dped a
cellular automaton (CA) simulation model to invgate
headway statistics of public transport in Mexicaties [3].
The situation of the Mexican public transportatgystem is
similar to the system operational in Northern InelaFor
comparisons, in Mexican cities, the driver is the lowner
whose aim is to maximize the income. There is nogany
responsible for the public transport. In Northereldnd,
there
transport. For the company in question, there igisko of

looking into providing in the future. A review and
improvement of bus services is underway. In itsorgp
Environmental Plan 2004/05-2006/@niblished in 2004, the
current environmental situations that the publiansport
service providers face are described. Ways werpgsed to
develop an environmental management system to ensur
regulatory compliance with new and existing envinemtal
legislation and to promote continual environmental
improvement. However, because this plan just ceslithe
organization’'s primary environmental objectives and
responsibilities, with no further details suppagtiaction in
this proposal, it has not been possible to giveinadepth
treatment to this problem here.

is one leading company responsible for public

The Department of Environment (DOE) caters for 26e

competition and their aim is to maximize profitsr fo local councils in Northern Ireland. The departmaims to

shareholders. The CA model provides a cellular raaton,
simulating the behavior of public bus transportsiveral
Mexican cities. This reports irregularity in thearisport
system which causes a lot of problem. Examplesudel
when two buses arrived at the same bus stop wéthiery
short time interval; the first bus collects all passengers
while the second bus, arriving slightly later finthe pick-
up-point (bus stop) practically empty. This is defil as the
problem of “bunching” which happens at bus stopsd a
forms the main focus of this paper. Having examiarthnt
methods used in modeling, we believe the CA alforifs
useful in tackling such a problem. It is easily pidble to
parallel computing and can deal with large scalsmater
simulations. However, a limitation of the modifieersion of
CA model is the fact that it can only apply in ateeking
transport management or where there are irregrdasport
systems.

CASE STUDY AND METHODOLOGY

Our study involved interviewing some representatiod
transport providers, some statutory bodies, andomers
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improve the quality of life for everyone in the ieg It is
acknowledged that road transport is a major soafdecal
air pollution. Data from the department indicateatt
between 1986 and 2000, the number of cars on thd ro
increased from 16.9m to 23.1m; therefore, cuttiogdr
transport emissions places an emphasis of locadjutity
management. They arranged 39 air quality monitoring
stations across the region to observe whether tresdeen a
worsening or improvement and if the declared aoégsoor
air quality should remain. Air quality levels atete local
areas such as those in the region of the preseuty st
(Belfast city council, Newtownabbey borough couraiid
Carrickfergus borough council) are shown in theifegl [4].
The results shows the high levels of emissions #sd
implications when referring to Ozone and Nitrogeoxdie
in some of these areas for the different times.sétae high
for Belfast., while for the other two borough coische
values can be considered to be low. Although ledls
pollution have been reduced significantly over thast
decade, in some areas , the level of pollutioroimes others
still continue to exceed standard level as inditaty the
bar/marker in figure 2 [5]. In areas such as Newiards Rd
and Dale’s Corner, the annual mean2N®ceeds the AQS.
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FIGURES 1: EMISSION VALUES MONITORING FOR BELFAST
(TOP), NEWTOWNABBEY (MIDDLE) AND CARRICFERGUS
(BOTTOM). SOURCE: STATISTICS FOR NORTHERN IRELAND
AIR QUALITY IN 25/042007-1/05/2007

In describing the current organizational problerceth by
the public service provider in Northern Ireland dmv they
are attempting to solve the problem, we examine
department of the environment’s ways of addressheir
targets in an attempt to improve environment; Tbeall
organization recognizes, that as a provider ofiputdnsport
within NI, they are responsible for directly conliry a wide
range of environmental risks [6].
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FIG 2. COMPARISON OF 2005 ANNUAL MEAN NO2
CONCENTRATION WITH AQS OBJECTIVE. SOURCE: AIR
QUALITY MONITORING IN NI 2005, DEPARTMENT OF THE
ENVIRONMENT.
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However, they have not to date, conducted spesiifidy to
examine issues related to the environment. Theyairem
convinced that they provide a high quantity of sm¥vto
passengers, since at the present moment theresési@b of
effective and authentic data to show otherwise. @search
focuses on this and related issues

MATHEMATICAL MODELLING

The present paper sets out to define a Mathematiodkel
to address the bunching problem.

Based on a variety of evidence related to how praris
impact environment, an engineering mathematicalcaah
to bus bunching is presented using the followiregstin our
data analyses and in consideration of feasibiltytypical
workday is categorized into three periods: peakmad and
off-peak and an average loading factor Z is intomdl
Taking into account passengers benefits, we highltge
level of bus service’s quality, which is relatedtbe level of
passengers’ dissatisfaction. We use “Lingo” matharah
software to work out the bus time interval. [7].

¢ Modelling Assumptions For the purposes of
mathematical formulations, we made the following
assumptions that , the ticket fare is fixed and tihee
interval between any two buses leaving the bus st@p
specifically defined term time is fixed. We assuthat

the acceptable limit of waiting limit is 10 min p¢ak, 15
min at normal and 20 min at the off-peak. That tihee
spent by the passenger alighting and boarding tisei
ignored, that the speed of travel between bus st®ps
taken as fixed and that npassenger is left behind
whenever a bus leaves a bus stop. It is essemtial t
determine the time interval between two buses tepvi
the bus stop so that buses en-route do not catahithp
each other and passengers do not have very long wai
between buses. Based on initial analysis, it was
concluded that (i) maximizing the loading factog, &
one of the way to avoid the bus bunching problem an
(i) minimizing the probability value of passengek¥,
whose waiting time is over the acceptable limit.

the
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* Variables, Notations and symbols:- The following  departure interval iss d

: _ _ then the iy, service bus’s
notations, symbols and their meaning have been fased

j )

computation: departure time, during,,, period is given

i - index of service bus<1, 2, 3..n) D .+ e

k : index for identifying the bus stops/stations & t d'i D Ad' ! @)
transit route. k=1, 2, 3..h) Thel,, bus’s arrival time at specified bus-stop, k, dutiing

j: index of time periodj€1, 2, 3..m;) _ o o

f: departure frequency/ times of vehicle during pejiod ~ Period (, : the running time from original bus-stop to bus-

Dj: the first bus departure time jat period stop k):
. o=d. +

dij: theith bus’s departure time g, period Ty =0 +0 3)

A dj; The departure headway (or departure intervaI)The numbers of passengers increase on bus peren@hbts

between bus 1 and bus at period stopk during j,, period is:

At : Departure interval between j and j+1 period Cj = bjk —ay (4)
T The ith bus's arrival time at bus stop k during The numbers of passengers waiting to board thebiss
j, period stop, k, is: D ) UAd; (5)

Total number of passengers traveling durjngeriod by bus

> running time from original bus stop to bus sto ; ) .
% g g P P can be estimated using the following::

Z: the average loading factor

m fi |
Py : Total numbers of passengers on budeni leaves P,.= zzz P (6)
bus-stogk during | iod. j=L i=1 k=1
us-stogk during J, perio The average loading factor is:
P.: : Total number of passengers traveling by bus. P
— (0]
bjk : average number of passengers waiting for boarding - m @)
bus per minute at bus st&mluring jth period u z f j

ajk : total number of passengers alighting bus at boys s Utilizing the data obtained from our survey, wewemss that

k during j, period passengers’ acceptable time limitation is 10 misditaring
cijk: : the number of passengers increase on bus p#re peak and 20 min during the off peak periods.
minute at bus stopduringjth period. The probability estimate for number of passengenssg

. waiting time is over the acceptable limit is:
u: the standard passenger capacity;

fo

Wijk : number of passengers whose waiting time is over . z W

the acceptable limit when the budidn't arrive the stop e Ik

k on time duringj,,, period W= P (8)

W: the probability of number of passengers whose . N . .
waiting time is over the acceptable limit Therefore, we build the optimization model, in d to

prevent the bunching problem, and maximize theitaad

Denoting the first bus's departure time duringeriod with ~ factor:
,D; and that for j+1 period byD,,, , we have that for the Zinax= Ptotm )
departure intervalD ., - D), between the perioglandj+1 uldi* z f
is given by : I=1
Agt -D y D 1 In order to optimize the bus service level, we miae the
“HinT (1) degree of passengers’ dissatisfaction and usexfiression
Where At is a time period,f; is frequency. So calculating m
- | . 2, 2 Wy
the “time interval ¢ d) between two bus&swithin “a time W = j=1 i=1 k=1 10
period (At)”, that is, mn P (10)
Departure interval between buse& andi during thejth _ _
period is given by : Subjectto(” f, >0 foj=1,2...m
At D, —D; i=1,2..n
4d. = = 1b -
J fj fj ( ) Pijk <u k—1,2...
where the symbols have their usual meanings. lki®wn
that during j period, the first bus’s departuredi® j ) and
Coimbra, Portugal September 3 — 7, 2007
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MODEL RESULTS AND TIMETABLE

A closer study of the particular bus service whicimnects
the two main universities campuses show the digioh of
bus stops to be (i) h = 3k<3) and (ii) h = 3 (¥k<3) for
outbound and inbound stops respectively.

Assuming/At = 60min and that the hours of operation for
the vehicles range from 08:00 hrs to 23:00 hrtsirits out
that this gives 15 periods of operation per-day.lg¥¢g=1
define period for time between 08:00 hrs and 09130 j=2
for time between 09:00 hrs and 10:00 hrs. righaulgh to
j=15 for period from 23:00 hrs -24:00 hrs. We nibigt the
average bus capacity is 53 and that the numbeassfemger
boarding and alighting bus was estimated from thays
survey conducted. Calculating the values of pararador
the periods gives:

At Peak PeriodThe average number of passengers
blwaiting to board the bus is given by:

b =40;b,=3
Average number of passengers alighting each boisganal
stop and at second bus stop:

a,=0;a,=20
This gives the number of passenger boarding thevbies it
leaves the original stop is:

p, = b +a =40; (11)
From the equation (5), the number of passengedi@athe
bus when bus leaves the second bus stop is:

p, = p, +b, UAd; —a, = p, +b, LAt/ f ) —a,

=45+3* 60/ f .n) —20 (12)
Using equation (1b), we get:
ja ~ D
At/ f en = =Ad ., (13)

j
Therefore, total number of passengers travelingusy(P,; )

during 60 min QAt) at peak period is:

P peak

tot =(At/ fpeak){ Pt P}
=2p, +b, * (At/ fpeak) -8,
= (60/ f ) { 2% 40+3* (60 f ) — 20}
Similarly,
at normal period
b, =35;b, =2 perminute, @, =0; &,
at off- peak period:

n n n n

b, =36;b, =0.8 per minutea, =0;a, =17

!

=15

Calculating, then, this gives

at normal period:p, =b, +a, =35;

Coimbra, Portugal

I

P, = p1' +b2’ bt/ fnor) —8.2'
= 35 * 2* (60f 15

ﬂOI') -

0Py =(At/f){p +p}

=2p, +b, *(At/ f_)-a,
-(60/ f,.){2*35+2* 60/ ., ) -15)

n

At off peak periodsp,

nor

=b +a, =36
p, =p, +b, O(At/ fy)-a,
=36 *0.8* (60f ; ) -17

.+ off " "
O Pot = (At/foff){ P, tP,}
_ 2pln N b2" . (At/ foﬁ ) _ a2"
= 60/ f,;){2*36+08* 60/ f ) -17}

For instances involving students at both campubespeak
and off peak period is shown to be more concermrateund
school time-table (see Table 4).

TABLE 1: 3 TYPES OF PERIODS AT INBOUND AND
OUTBOUND STOPS

inbound outbound
stops Stops
Bus Conditions Time Period| Time Period
Frequency (1gj<15) (15j<15)
6 Peak Periog 5,6,7,8 1,2,3,5,6,8,9
4 Normal 2,3,4,9,10 4,7,10
2 Off Peak | 1,11,12,13,14,| 11,12,13,14
Period 15
This yields the following model:
P
Zmax = tOtm (14)
ubi* > f,
i=1
m f |
2 2 2 Wi
Wmin: j=1 i=1 k=1 (15)
Ptot
subjectto| f; >0 foj =1, 2...15;
i=1,2.n
F’ijk < 53 k=1,2

This problem formulated is a nonlinear programming
problem; lingo [7], a mathematical programme wasdut
solve it. Firstly, we calculate the loading factar For 3
types of time periods, each period is then disalisse
separately.
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For Peak Periad

peak
Z, (max) = P_mt
u*i* f oo
60+ 2x40+3x-%% _2q)
— Zl (maX): peak peak
S53%x 2% f ou
. 60
subject to:;~- 40+ 3% —20< 53; and
peak
60 50
fpeak

Using Lingo we obtained the loading factdr,,,, = 87.74%
and the departure frequenc, .., = [65] times for the

peak period.

Applying equation (1b), the departure headway betweus
i-1 and bus at peak period gives
At/f, = o0 TP g
t peak ~— f— - peak*
j
=At/ f

= Ad = 60 min/ 6 times = 10 min

peak peak

It means that in every 10 min to 12 min, bus mesafyiving
at each bus stop.

Similarly, we do the same, to calculate for thenmalrand off
peak period, and obtain:

At Normal period:Z ., = 83.02 %;f
Ad,, =15 min

At off peak period:Z ; =84 %;f =14 =[12]
Ad ;=30 min

= 364= [34]

nor

We estimate that the average loading faciby,,, = 87.74

%, Z
to standard capacity, and are the optimal solutions
Hence,Ad ., =10 min; Ad . =15 min & Ad ¢ = 30 min
can be used as a real-time optimal model.

n

o =83 % andZ ; =84 % values of efficiency, close

Based on the factual information obtained from dlaga we
have collected, using Lingo, we get:

at peak period, then:
Max Wik = 3*(60/-10)
Subjectto:  45+3*60f .., -20<=53; and f>0;

peal
Giving: Wik = 3. Which implies the maximum number of
dissatisfaction are 3.
Similar, following results where obtainedijk =7 for normal
period andAijk =7 for off peak.
WhenWijk = 3, Wijk = 7 andWijk = 21, we get:

For peak periodW,,,, = 0.032, f .., = 6,
Ad .. =10min
For normal periodW, . =0.080,f . = 4,
Ad ., =15min
For off-peak periodW, , =0.23,f_ =2
Ad,.,, =30min

nor
Combine th&Z model andV model, we obtained model
timetable for both the inbound and outbound busiceper
day.

TABLE2. MODEL INBOUND AND OUTBOUND TIMETABLE FOR
THE PUBLIC BUS SERVICE BASED ON OPTIMIZED CONDITIOS!

Outbound timetable
Time of Day | Time
(hrs) (min)
08:00-09:00 30
09:00-11:00 10
11:00-12:00 30
12:00-17:00 10

Inbound timetable
Time of Day | Time
(hrs) (min)
08:00-09:00 30
09:00-11:00 10
11:00-12:00 30
12:00-17:00 10

17:00-18:00 15
18:00-23:00 30

17:00-18:00 15
18:00-23:00 30

And we also obtain the following values for theatot
numbers of buses demand per day to be 46, thegevera
loading factor to be 1/3*(87%+83%+84%) = 85%

Secondly, we calculate the value of probability ofThe probability of passengers’ dissatisfactiorbéo
passengers’ dissatisfactiov. From the maximum number of 1/3%(3.296+8%+23%) =11.4%

passengers whose waiting time is over the accepiahit
(Wijk). Using the results from the questionnaires, dupiegk
period passenger’'s acceptable time limit is 10 amd 20
min for off-peak period.
So, during peak period,
Wijk = max {b; [(Ad, - 10 min}, 0}
At normal period, we assumed that:
Wijk = max {b;, L(Ad, - 15 min}, 0}
At off-peak period, then:
Wijk = max {b;, [(Ad, - 20 min}, 0}

Coimbra, Portugal

TEST AND ANALYSIS OF MODEL

Sensitivity analysis approach was applied to testrmodel
similar to that used by Taha [8]. Assuming no oras Weft
behind when a bus departs a bus stop, and basd¢ideon
condition with the maximum loading factor, we ohtd
results as shown in the table below (see Table 4).

These indicate that the model which focuses onihgad
factor to improve bunching problem is a steady rhode
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TABLE 4 COMPARED RESULTS FOR MODEL PARAMETERS

Period Var| Original Test1l Test2
f 6 56 6
Peak |Z 87.74%| 81% 91%
Ad | 10 min | 10 min| 10 min
f 4 4 4
Normal Z | 15min | 20 min| 15 min
Ad 83% 81% 86%
f 2 2 2
Off peak| Zz 84% 81% 87%
Ad 30min | 30 min| 30 min

Therefore, the model could be regarded to be aectfe
useful steady model.

However, when we test the Passenger’s Dissatiefacti
Probability Model, we found that: Since at off pgmdciod, if
there are only 2 buses arranged in a term timen{s( at
each bus stop, the degree of passengers’ disséitisfaends
to be a bit high 23%. To improve this model, weuass that
bunching problem doesn't exist if the bus frequeatyoff
peak period is only 2, this makes the result ofling factor
unimportant as the passenger's complaint level
highlighted. This suggestion is that at off peakriqub
minimizing the passengers complaint level is manpartant
than preventing the bunching problem. The pubBmgport
service provider should considered dispatching nimrees
frequently during the off peak time.

ATTITUDES TO PUBLIC TRANSPORT

wa

Investigation into the preferred mode of transpesteals
that a higher proportion prefer to use their pevaars (see
Figure 4) They account for ~52% of total responsent
~23% opted for bus and the remainder were in faafu
train. More would need to be done to encourage Usg of
private cars and increase the use of public pantservices.

In investigating reasons for such an attitude tolwahe use
of public transport, an analysis was carried ouattifudes
of respondents to current service provision of jubl
transport and their view as to whether or not itswa
reasonable to encourage the use of public trandport
improved environment. Results are as shown in Eigur

@
3

IS
S
I

w
S
I

N
S
I

Number of respondents (%)

10

Public transport

Train
Preferred Transport mode

Private car

Figure 4. Respondents preferred transport mode

A large proportion of respondents are of the opinibat
the current provision as it stands requires impnomet

Questionnaire was used to assess attitude of 008r 5(67.7%) and a higher proportion believe that ieiasonable

commuters. There were 155 public bus transportsugeris
formed the focus and the data collected were agdly®ing
SPSS [8]. The highest proportion of bus servicersis
comprise those who use it between 3-4 times pekwaed
account for ~41.9% of respondents. The smallestpcize
those utilizing it everyday (3.9%) followed by tlosgsing it
approximately once per week (8.4%). Regular weeklgrs
account for ~30% of those sampled. (see Figure 3).

Frequency of use (%)

Everyday

Up to 5x up to 4x up to 2x
Regularity (per week)

FIGURE 3. REGULARITY AND FREQUENCY OF USE
OF THE PUBLIC TRANSPORT BUS SERVICE.

Coimbra, Portugal

to use public transport for improving environmemtough
reduced air pollution and gas emission.

®SIRQ (%)
OPTRIE (%)

Number of respondents (%)

No response Yes No

ing views and attitudes

Figure 5. Users attitudes towards current pubBmgport
service provision (SIRQ: level of satisfaction )ndathe
need for its use for improved environment (PTRIE:
reasonableness of use).

There may be few reasons why different models capfuly

to different people. This may be due to differenices
policies in operation, cultural differences [10].11
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However, the surveys clearly point to the fact thatre are a
large range of people who prefer to use car as thely
transport mode, even if it is acknowledged that ssion
from car could impact air pollution. If bus sendceould
operate more quickly and frequently, and the pciceld be

reduced, this can be one way to encourage the sar u [6]

become users of public transport.
CONCLUSION

This research focused on study of public transpad the
impacts to the environment. We have reviewed tleeipus
research work on approaches to public transportetting
and issues of bunching problem. The attitude of |toal
public transport service providers have been asdess well
as the
relevant authorities aimed at preventing environtadetrisis
and developing a transport for a sustainable futife have
developed a model to address to address the buzhingn
problem and to the coordination public bus sendoected
at tackling the bus bunching problem.

The key findings of this research are that transggran
important source of greenhouse gases and air jooljuind
impact of the environment. Public transport systemnsh as

rail and bus have controlled emissions. Its useldcou

contribute less emission with resulting positivepaut on eh
environment. A well managed public transport sEvi
provider in a region with no competition may resola less
optimized bus service especially where punctualitgt ticket
cost are perceived by users as important. Locditutions
such as the Department of Environment (DOE) andipub
bodies have a duty to improve environmental coodgi
aimed at improving the quality of life for everyoire any
given part of the world. There is a clear needutosstantially
improve the quality of public transport servicesdilivering
a modern and integrated transport system. It igessigd that
local and regional authorities avail of professiomepertise
in public transport undertakings. Adequate fundihguld be
provided for the public transport network to dedhwviraffic
congestion and support the implementation of thgorel
transportation strategy. Competition is the keyntreasing
patronage and better services. More service provisieould
be encouraged to operate which should lead to dmdn
services and achieve higher level of customerfaatisn.
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