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vi
LESTRACT

The central aim of this study is to find out the
level of accessibility of different parts of Enugu to the
mass:iransit bus network measured in terms of shortest
bus route distance and bué/tfével-time and tc relate the
level of accessibility to the levél of bus-serbices. The
level of bus services was defined in terms of bus passenger
waiting time, bus frequency arrival and passenger walking
distance to the nearest bus step.

The data collected between 1994 and 1995, were based
on field observations, government decuments énd personal
interviews. In this thesis, a classification of 31 sampled
settlements, called major centres, was first developed based
on population and type of land-uses such as residential,
émploymeht, market and educational land-uses. By means of
graph theory, the complex network ef mass.transit bus routes

was abstracted into a set of nodes and edges which. enabled
us to construct indices of connectivity and relative
accessibility of the major centres on the network.

The connectivity indices reveal that the mass tihansit
bus routes in Enugu have very low connectivity.
Similarly, the indices of nodal (major centre) accessibility
'based on shortest bus route distance show that there exists
a central core of highly accessiﬁle centres to mass transit

bus network which constrasts with peripheral centres of



vii

very low level of accessibility. Inaccessible centres are
found both within the inner and peripheral areas of the
city of Enugu.

The results of correlation analysis between bus route
distance accessibility and some bus service indices show a
strong relationship between accessibility and bus passenger
waitihg time and also weak relatienship between accessi-
bility and bus service freguency. Similarly a strong
relationship was found to exist between bus passenger
waiting time and bus service fréquency.

Bus services for the movement of persons~within the city
of Enugu are provided mainly by a multitude of individual
operators and partly by few government agencies and
companies. The capacities of urban buses are found to be in
three categories - wminibus (14 - 18 persons); medium bus
(36 - 45 persons)} and big bus (80 - 120 persons).

Based or the findings, recommendations that could
enhance the improvement and equitable distribution of bus
services in Enugu are; creating additional bus routes to
link inaccessible and less accessible areass coﬁstruction
of urban link roads and maintenance of the existing onesg
privatizetior of government owned mass transit bus companies;
provision of high capacities of urban buses; fixing and

enforcement of bus fare and improvement of bus stop

N,
\

facilities.

~



CHAPTER CHE

INTRODUCT ION

1.1 Background to the study:

A very significant factor in city growth is the ability
or inability to move about freely within its limit. The
city, 1iike the human body, is a series of ccnnedted parts
and organs and as such requires an efficient circulatery
system in order to function as a living and vital organism.
Just as the life and growth of the body depend upon the
adequacy of the bloedstream, so do the life and growth of
the city depend upon the adequacy of its internal transport
system., A city is said to be as big as its transportation
facilities which enable people to meve about their business,
move and distribute their goods (Smerk, 1974).

With the present rapid expansion of urban boundaries
and corresponding increases in population in urban areas,
the need to improve the existing internal transport system
becomes imperative. This is because these increases in urban
boundaries and populations have in turn resulted in massive
increases in the demand for transport. OCther factors adding
significantly to the level of demand are increased
commercial and industrial activities and a greater prepensity
to travel where incomes have risen. I most Nigerian cities,
because of these factors, demand for public transport in

particular, has grown even faster than the population.



-2 -

Public transport systems provide the mest efficient
means of moving large number of people especially in densely
populated urban centres. In addition to the well being of
its users, public transport plays a vital role in the
productivity of cities which in turn has a direct bearing on
national economies. Public transpert by definition connotes
the act or the means of conveying large number of people
"en masse® as opposed to conveyance in individual vehicles
carrying very few people at a time. In other words, public
transport or mass transit is a system in which a greater
number of people are moved at a time along principal
corridors (Ogbazi, 1992).

Broadly speaking, public transport comprises mainly of
the rail system; light rail system; tramways and monorails;
bus system, and where possible, water transport system.

Today, experiences show a need for greater variety of
public transport modes, but buses are choice cf a majority
of the communities and are the only means of mobility that
can be afforded by the poor in developing countries of the
world. The chcice of any or a combination oi tihe public
transportation systems enumerated above could be influenced
by population and size of the city, their transportation
demand and characteristics and landuse pattern. Given our
level of technological development, we have in mind in this

researcin, the bus system. The bus system is the transport



-3 -

system that uses buses that may have a range of passenger
capacities and performance characteristics, and may operate
on fixed routes with fixed schedules, or may be flexibly
routed.

Bus transport system in towns has the potential of
being used as a policy tool to reduce the number of cars on
urban reads and so reduce traffic chaos in the city. Bus
transport system has also the potential of extending trans-
portation services to a greater proportion ef urban residents
who do not have private cars, and cannot afford frequent
taxli fares. These are captive bus riders. Bus also called
Omnibus is any of a class of large self-propelied wheeled
vehicles that are designed to carry passengers generally on
a fixed route.

One of the critical issues in the provision of mass
transit bus system in any urbsn area, is the issue of
accessibility of service of the system to a greater majority
of captive bus riders. The heart of transportation planning
in any part of the worldis concerned with the design of
circulation systems which maximize accessibility for
essential movements between linked activities (Unokala, 1995).
AcCessibility is a loose term wihich is used to mean many
things., Various definitions of accessibility are put forward
to connote either social, economic or legal nearness to

needed services (Daly, 1975; Mitchell and Town, 1976).
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Accessibility is generally understood tc mean approximately
nease of reading®. Accessibility also impiies the opportunity
that an individual or type of person at a given location
possesses to take part in a particular activity or set of
activities {(Jones, 1981); as a function of point's location
in space to other points in any given system {Hack, 1976);
and de Lamnocy and Qudhensden Van, (1978) and as inherent
characteristics or advantage of a place with respect to over-
coming some spatially operating source of friction, for
example, time and/or distance (Igram, 1971). The term
accessibility as used in this research project is the ability
‘of bus users to get bus services and tue ability of bus
transport service to provide a low cost and/or guick method
of over-coming the distances between different centres in

Enugu,

1.2 Statement of the research problem:

In the past three decades, the population of many cities
in developing countries of the world has doubled as a result
of the influx of migrants frow rural to urban areas. The
growtlli was accompanied by a substantial expansion of city
boundaries and much higher level of industrial and economic
activities. The changes have placed new and heavy demands on
an efficient and adequate mass transportation system in such

cities. As a result, the existing transport facilities in



%
most of the urban areas in dev’s opinr CDU“urLeS are grossly
inadequate and overused kworld bank, 986).

The high cost of car malntenance'and rurcnasing in
Nigeria now, due to economic Qownuurn, haq all the more

increased the demand for mass transpor at’on in the cities.

In view of these problems, governmept -agencies as well as

corporate bodies and private 1nd1v1dualsfhave been invalved
in the provision of public passcnger traHCﬁ%rt services by
bus to meet the evergrowing demdnd Ior 1ntra~urbar zobili

in Nigerian cities. The Federal Mllltarj Governmenv
introduced the Federal Urban Mass Tran81 Erggramue in 1988

to improve and moderate the urban mass‘transit services

in the country (First National Rolllnb Plan 1990-92) .

A..

Laudable as these effortg by_tne gcverﬂment agencies and

(}

private bodies and individuals -wér ﬁn@t puch successes have

been recorded by them in terms~bf-meffihg the needs cf urban

riders in Nigerian cities. The- exisi transpertatisn

services by bus in Nigerian cities. chiracterized
by inadeqguate bus route densitiéé;;pogf frequency and low

predictability of bus serv1ues,'qnd fewﬂ°umher of buses

actually in circulaticn partlcuiarly at*peax periods, are

not sufficient to cope with tne-uemﬁ“d (Okpala, 1977;

Adefolalu, 1981; Omatseye et aL, 1989 Ogba21, 1992 -
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Enugu, being one of the metropoiitan centres in Nigeria,
has also been experiencing population growth and expansion
of urban environment over the years. The rapid rate of
population growth and the expansion of Enugu urban environ-
ment, have led to the extension of low~-income unplanned
settlements on the peripheries and workers from these areas
are exerting increasing pressure on already inadeQuate
public transport facilities. The spreading of suburbs and
transformation of vililages into dormitory settlements have
also created residential-to-work transportation problems in
Enugu. Werkers, school children and the whole populace are
experiencing hardships in their journeys to and from work
and othef activity centres due te lack of efficient mass
transport services by bus.

Most parts of Enugu are not adequately linked by bus
routes and as a result, the supply of bus services in such
areas does not match the ever growing demand for it.
Motorcycle transport services popularly known as "QOkada'
are highly patronized by the urban dwellers living in the
bus servibe-disadvantaged-areas of Enugu by those who can
afford to pay the exorbitant fares charged by the operators.
Tncose who camnnot afford to pay for motorcvcle transport
services trek a lot because of inadequate intra-urban

transport services by bus.
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The inferplay of tae above enumerated factors in the
services of intra-urban bus transport in Enugu is seriously
hampering the accessibility of the bus users to the services
of the buses in the study area. Tiis lack of accessibility
to bus transport services by the majority of urban dwellers
craving for such services is adversely affecting their

economic and social life -in the study area.

1.3 Aims and Objectives of the regearch

This reééarch investigates the accessibility of major
centres to the network of mass transiflbus_services for the
masses in Briugu with a view to pursuing the following
specific obJjeetives:

1. To describe the level of provisiou of buses for mass

. transit bus services in Enugu.

2. To describe the pattern of accessibiliﬁy of major
centres to the network of mass transit bus sefvices in
Enugu. :

3. To explain the patterns of quality of bus service
indicators in the major centres.

_h. To relate the level of accessibility of a major centre
to the observed guality of bus service indicators in
the majof centre,

5. To discuss the intra-urban mass transit by bus and the

planning implications of the observed variations.
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These objectives will enable us tc establish the
criteria for carrying out mass transit improvement, especially
by bus, that will maximize accessibility of major centres and
captive bus riders to the mass transit bus services in

Enugu.

1.4 Theoretical framework:

The relevance of theoretical models to the under-
standing of transportation systems and their services in an
urban environment cannot be over-emphasized. A model has
been defined as a simplified structuring of reality which
present supposedly significant features or relationship in
a general form {Chorley and Hagget, 1967). Hence, with
respect to this research project, it will be pertinent_to
introduce some basic ccncepts that would enable us generate
our working hypotheses and as well as provide the framework

for testing of our hypotheses.

1.4.1 Mass transit systems

Mess transit systems are the systems in which a greatér
number of people are moved at a time along principal
corridors (Ogbazi, 1992). The main types of mass transit
systems are:z-

i) Bus system: This refers to a transport system that uses

buses that may have a range of passenger capacities and



performance charszcteristics; and may operate on
fixed routes with fixed schedules, or may be flexibly
routed and demand scheduled.

ii) Light rail transit: L1Light rail transit refers to a
wide range of electrically powered rail systems.

iii) Rapid rail transits: These are often referred to as
metro, underground or subway. They are very fast and
in fact, have the highest transit capacity and speed
currently available.

iv) Suburban rails It is aliso referred tc as commuter
rail system. It is operated on tracks shared with
inter-city passenger trains and freight trains
(World Rank, 1986).

The option of any of the systems mentioned above by an

individual depends on factors suchi as availability,

affordability, guickeness and‘reliability.

Bus services are the dominant mode of motorized
transport in Third World cities. Because of low incomes of
the majority of inhabitants; buses provide the only mode of
transport that they can afford. Buses dominate because
generally they are at a level of technology compatible with
local experiences and facilities {(Armstrong-Wright, 1893).
The characteristics of bus transit system as regards

capacity of buses are summarized in Table 1.
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TABLE 1: Capacity of urban buses

3 Typical Peak

- § Designed | Capacity | g

Type of Bus | pesigned; Lapa { Period Crush

. |
Minibus ; 12 20 40
| Small bus |20 30 50
| Adapted truck § . 20 35 45
3 b . )
Mg&;?m us (standard 40 80 105
Large Single-deck bus 50 100 125
Double deck-bus i 80 120 150
-d 2 (-
L{a)zie ouble deck 80 170 200
Articulated bus L 55 120 150
Large Articulatggd busi 55 i 170 210
! i

SOURCE: World Bank Technical Paper 1987, No. 68,

while bus designs vary considerably, most are typiéally
single deck two-axle vehicles powered by front mounted
direct injection of diesel engines. They generally have two
doors and as nmuch standing space as authorities or
passengers will tolerate. Standing/sitting ratio of 3:1 is
found in the Third World cities. Double-deck buses are
less common = 1arge.fleets of buses are found mainly in
India and Indonesia. The use of large articulated buses is

rare, except in major Chinese cities where large fleet of
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ted buses and trolley are found (Armstrong-Wright,

1.4.2 (Graph theoretic model:

Graph theory, a branch of topology, is concerned with
abstract configurations of points and lines {(Taaffe and
Gauthier, 1973). It is a mathematics of relations
(Nystuen and Dacey, 1961). Graph theoretic model provides a
measure of accessibility. It provides a counvenient method of
evaluating and comparing the accessibility of the nodes or
bPlaces in a network by measuring the degree to which they are
connected with ezclhi other and to the network as a whole.

Tne accessibility of the nodes or places in the network can
be related to socio-economic variables and physical variables
of such places or nodes (Taaffe and Gauthier, 1973). a
transport network is a set of geographic locations inter-
connected in a system by a number of routes (Kansky, 1963).
Transport network serves tc link locations or places.

For traunsportation networks to be treated as graphs,
it is necessary to abstract the complex structure of the
networks as a series of vertices (representing nodes or
places in the networks) and a set of edges (representing
linkages). Other properties of network as cost of
construction, route capacity and road surface which are not

amenable to graph theory are temporarily left behind and
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only fhe presernce or absence of connectivity between nodes
are considered.

The graph theoretic approach to network analysis has been
considered felevanf in this study because of the following
reasons: It is flexible and simple to apply; it considers
the route aloﬁg which movement takes place and hence, tries
to account for relative accessibility of a node to other
nodes in the network and at the same time can be related to
socio~economic variables and other characteristics of such
areas. By means of valued graphs, we can also build in
cther properties of rcute such as distance, cost and time
into the model. Finally the graph theory can provide us with
a standard of assessing the most accessible centres within
urban area through the calculation of snortest paths. Taking
these centres as given, one is able to examine the possible
urban influence of any public service, for examplie, mass
transit bus service, that may be found in themn.

Thus, Garrison {196C), Kansky (1963), ward (1962),
Taaffe and Gauthier (1973), and Agwu (1987), all acknowledged
the userfulness 0f graph theoretic indices in describing
network growth over time, comparing networks and describing

the structure of network.
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1.4.%2 The concépt of level-of-service {L.0.S)

Generally it is not easy to exhaustively define the
level-of-service concept otherwise known as concept of
gquality of service indicators because different people, and
different urban regions may put different emphasis on various
components of the concept. For instance, on the part Qf
transport consumers (the travellers), the dimension of level-
of-service (L.0.S) considered are travel time, bus frequency,
comfort, terminal standards, bus stop facilities, interchanges
between routes and services among others (George, 1979;

Ume, 1991). Travel time usually contains several different
elements., For a transit trip, it includes walking into the
station or bus stop, waiting time for bus services, travelling
time in the transit vehicle, and walking time to the
destination (Jende hsu and Surti, 1976).

The comfort and convenience of public transport system
could be measured in the vehicle in terms of seating comfort
and Jolting. They could be measured to and from bus stop
and at the bus stop in terms of terminal location, shelter
provided, and traffic safety (World Bank, 1987; Ume, 1991).
Other elements in the measurement of level-of-gservice of
public transport vehicles, for example, mass transit bus are:
Journey times and travel expenditure. The above enumerated
variables {components) of level-of-service cdncept,'clearly

show the various dimensional approaches of the concept.



However, for the purpose of this study, we shall examine

the level-of-service (guality of service indicators) of mass
transit bus services in Enugu as perceived by bus users by
considering these.Variables: (a) waiting time at the bus stop,
(b) walking distance or time to the nearest bus stop and
(c)‘frequency of bus arrival to the major centres. We have
chosen these variables because they help to determine the
level of personal accessibility to mass transit bus services

in different major centres in the study areas.

1.5 Working hypothesess;

In line with the research problem, we posit the
following hypotheses:

1. The lengths of waiting time for the arrival of buses at
the bus stops and the freguency of arrival of buses do
not vary with the level of accessibility of major centres
to the mass transit bus network in Enugu.

2. There is no significant relationship between the
frequency of arrival of buses and waiting tTime for the

arrival of buses in the major centres.

1.6 Literature reviews

Everywhere in the world, there is a fascinating
similarity in the attitude displaced by those who live or work

in large towns and cities to the problems of personal movement
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to, from and within those urban centres. These problems
notwithstanding, the developing countries as a whole are now
witnessing an increasing movement of population from the
rursl areas to the towns and cities, and the problems of
providing mass transit is far from being solved in the
developing countries more than is the case in advanced
countries (AdenJi, 198%a). For many centuries, towns and cities
all over the world were predestrian~traffic-dominated, with
only horse drawn carriages supplementing walking. Most urban
centres were protected behind walls or ramparts, all
distances within settlement, were very short and most people
worked where they lived (AdenJgi, 1983b).

Several studies in developed and developing countries
have attributed the socio-economic development of any society
to an efficient transport system. Onibokun (1987) had
attributed the spatial order and socio-economic development
of West Germany to comprehensively developed an& integrated
planned system of transportation. Also, Owen (1976)
considered that the low 1eVe1 of development in the developing
countries is due to lack of efficient organized transport
system. Chapin (1976) regarded transport as essential a
service which enables people, firms and various other
entities to carry out their activities at sites selected for

those purposes in separate locations. Buchannan {]9@3)

considered transport as an essential ingredient for the
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survival of modern society and without which there would be
nc 1life in the city. Transport provides a key to the under-
standing and operations of many other systemé at many
different scales, and is an epitome of the complex relation-
ships that exist between the physical environment, patterns
of social and political activity, and levels of economic
development {Hoyle and Smith, 1992).

Many studies have evaluated the importance and the need
for public transport. Nash {1976) observed that the demand
for public transport in developed countries is necessitated
due to the problems of transport in urban areas.

Oladoja (1983) reviewed the importance of public transporta-
tion in urban centres with reference to Ibadan and concluded
that improved level of public transport resulted in
incrensed urban mobility of the masses, reduced congestion
and also contributed to the efficient use of urban resources.

However, some studies have reported the inadequacies
of public transport facilities in the cities. World Bank,
(1986) and Turton, (1992) reported that, although there was
heavy demand for urban transport due to the rapid increase
in population in the developing countries for the past two
decades, many cities were unable to meet the demand. Many
cities in Nigeria and other West African countries have

either ncne or only developed conventicnal bus services and



most passenger transport is provided by minibuses or shared
taxi (adenji, 1983a). ¥Wiredu (1989) in the study of minibuses
in an African city, reported that the half-million population
of Benin City is currently served by 600 minibuses on 20
routes operated by many small undertakings. According to
McNeil {1975) inadequacies of public transport manifest
themselves visibly by over loaded buses, long queues or
fights at bus stops, long walk to work and exorbitant prices
in local shops. |

Many other authors have identified the bus as key to
urban mobility in the attempt to sclve urban transportation
problems. Volvoe (1979) used the concept of modern city bus
system to plan, develop and implement an efficient urban
transport system in Lahore, Pakistan. The bus and coach
council of London (1983/84) and Tolley and Turton (1995),
favoured the use o0f bus for mass transport for the following
benefits: The bus can be used in the mobility of everyone,
reduction in congestion, positive importance on commerce
and industry, fuel saving and reduction of pollution,
ensuring safety of the people, flexibility and low cost of
operation and maintenance. In fact, Hellewell (1984) in his
review of the current position of Brazilian public transport,
revealed that buses account for 88 percent of the trans-

portation modes which carried about 650,000 people per day.
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However, Wilber and Associates (1965; discredited the bus
systen by'accusing it of indiscriminate stcps to meet tue
needs of the large number of pasSengerS‘andslimited'
manceuvrability which cause greater dislocaticn of traffic
flows than the small journey types of vehicles.

Several authors have used the concept of accessibility
in transportation studies. Jones (1984), considered the
particular case of accessibility by the use of public
transport in the urban area of Tyne and Wear in England and
observed that car ownership, the nearness of bus stops, bhe
frequency of the bus services énd usefulness of the
destination are some of the major factors that affect the
level of public transport use and provision. Black (1977) in
studying access and travel in seven Sydney suburbs,
Australia, observed that for most purposes school, shopping,
leisure, social, recreational, medical and personal business,
pecple make short trips (in distance and in time) as their
accessibility increased.

Different authors have considered the relationship
between an area's accessibility and level of car ownership.
Dunphy (1974), found a significant correlation between
accessibility to employment by public transport and car
ownership. Schindler and Ferrari (1976) obtained a signifi=~

cant correlation between car ownership and the ratioc of
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employment accessibility by public transport to that by
private transport. Williams (1976} and Leonardi (1978),
identified accessibility with the consumer surplus or
benefit that peopie achieve from using the transport and
landuse systeit.

Accessibility concept has been used in the evaluation
of several alternative bus system (Pike et al, 1976), of a
proposed commuter mail line (Popper and Hoel, 1976); of two
proposed urban relief roads {(Koenigs, 1975), in the general
development of transport policy of an area (Mertin and Daly,
1978}¢ in the identification of areas where existing bus
services did not provide adequately for the inhabitants
(Ochajna and Brownlee, 1977) and relative accessibility of
centres to the road network (Agwu, 1987).

In the study area, few transport studies have been
carried out. These include Nweke (1979), whc examined
journey to work in Enugu: Osondu (1985) who looked at the
traffic flow and road linkage pattern; Ojukwu (1985) who
carried out the study on the relationship between traffic
and incidence of road traffic accidents, and Ugwu (1984) who
looked into the influence of socio~-economic activities on the
spatial distribution of traffic fiow in Enugu.

From our foregoing discussions of past researches on

urban transportaticn in both developed and developing world
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cities, the bus 2s a key to urban mobility has been high-
lighted., We alsc noticed a number of studies of public
ﬁransport in different cities of the world using the concept
of accessibility. Although, many studies of urban trans-
portation have been carried cut in the.city of Enugu, none
of them considered how mass transit bus network is accessible
to major parts of the city and how the inhabitants in the:
areas get access to the services of mass trapnsit buses.

This is necessary in order to identify areas where the
existing bus services are not adequate for the inhabitants
so as to make suggestions for effesctive and squitable
distribution of bus services in Enugu.

Therefore, it is against this background of lack of
research into the problems of bus services in Enugu, that we
have decided to embark upon this particular research - to
eXxamine the accessiblility of maJjor centres to the mass

transit bus services in Enugu.

1.7 Research Methodology:

1.7.17 Major centre:

In developing the research design, the operational
definition of a major centre on the mass transit bus network
in Enugu was adopted based on the following criteria:s

i) residential areas: These are the residential areas with

a minimum population of 5,000 based on 1992 Enugu State



population estimates using 5% annual growth rate of
1963 census figures.

ii) employment centres: They are the varicus foci of
employment where at least 500 workers are employed
estimated from number of employment houses available
in a centre.

iii) market centres: All the markets having at least 100
lock-up stores were included in this group.

educational centres: These are the centres where

[UN
<
~—

schools are located with 2000 student enrolment.
These activity centres were adopted as major centres
because they are traffic -~ generating points/areas -
originating and terminating points of outward and home ward
bus commuter trips respectively in Enugu. Based on the
adopted operational definitions of a major centre, 31 major

centres were identified as shown in figure 1.

1.7.2 Links or edges or 1oops:

In this study, all the major arteries and minor arteries
of roads that are used by mass transit buses for intra-urban
public passenger transport services in Enugu which connect
the major centres were taken to be links or edges or loops

(lines or routes that link places together).
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4.,7.% Dats on accessibiiity variable:

'In order to consider the relative accessibility of
V major centres to the mass transit bus network, three maps
that closely reflect the nature of road linkages and traffic
pattern in Enugu wers collected from Land and Survey
Division of the Ministry of work, Land and Transpert Enugu,
These maps are: the map of Enugu Planning Authority Area,
- 1350,000 published in March 1975; Enugu and Envircns -
Tourist Guide map, 1:35,000 published in 1994 and Enugu
Perspective Master Plan - road/traffic pattern, 1:25,000.
These maps were used to identify rocads and bus routes
linkage patterns in Enugu. Another method employed in the
identification of‘bus route linkages was by riding on the
buses from one place to another. The approved intra-city bus
routes by the Transport Company of Anambra State {TRACAS)
in 1987 and by the Enugu State Transport Company (ENTRACO)
in 1994 were of great assistance in the identification of
bus routes in Enugu. The road distance between tWo
consecutive major centres was determined by using thread or
string to measure the distance on the map and using the-
appropriate scale given to work out the actual distance.
Another measurement that was carried out was the
- measurenent of travel-time by bus between major centres.
The bus travel-time was determined by riding con buses by

investigators from one place to another employing stop watches.
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1.7.4 Data on bus users!'! variables: :.

The bus users' questionnaire (Appendix A) was used to
ccllect data on bus users' variables such as the length of
weiting time for the arrival of buses“at the bus stop for
each of the major centres; time and distance taken by bus
users to walk from origin/déstination points to reach the
nearest bus sfops to catch a bus; bus trip purposes; bus fare
payable per trip, age, sex and occupation of the bus users
and other transportation problems, bus users encounter along
bus routes. At least 30 bus users were administered with
the questionnaire in each of the 31 identified sample major
centres. Interview was also applied to extract the data from
bus users as contailned in the questionnaire. The question-
naire was administered to the bus users randomly as they

arrived at the bus stops to catch a bus.

1.7.5 Data on bus bperators! variables

The bus operators' guestionnaire {Appendix C) was used
to collect data on bus operators' variables such as types
of buses used by the operators, plying bus routes, trip fare
and number of buses owned by each operator. The guestionnaire
was administered to private individuals, corporate bodies
and government agencies operating buses for intra-urban mass

transit services in Enugu.
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1.7.6 Data on bus freguency arrivals

Using hourly bus frequency arrival count profoma
(Appoendix B) the number of buses arriving in each of the 31
major centres to carry passengers to different points or places
in Enugu were collected between 5.00 a.m. and 6.00 p.m.

Thne counting of arrival of buses was done by stationing
investigators at the bus stops on routes in each of the major
centres. Where a major centre is connected by multiple
bus routes, different investigators were employed to man
each ¢f the routes. Buses arriving from one direction of bus
traffic flow to each bus stop were cocunted. Big buses and
minibuses were counted separately., These data were

ollected from September 6th - 14th, 1995,

1.7.7 Data on location of bus stops and
bus stop facilities:

The locaticn of bus stops along the bus routes connecting
the major centres was carried out by the combination of
riding on buses and walking by investigators. Names of bus
stops were collected by asking bus conductors, passengers
in the buses during alighting and boarding of passengers
along the mass transit bus routes. Personal experiences
of the investigators supplemented the oral interview in the

identification of bus stop locations and their names.
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Bus stop spacing (i.e. distance between two consecutive
bus stops) was determined in each of the major centres by
using tape measurement. Tapes gradusted in metres were used
to measure distance along bus routes between two consecutive
bus stops. Samples of 5 or 4 bus stop spacings were measured
in each of the major centres and an average bus stop spacing
was obtained for each centre. Using observations and
photographic tecnnigques, data on bus stop facilities were

obtained and recorded.

1.8 The Study Area:

1.8.1 Location and size:

The study area is Enugu, the capital of Enugu State,
Nigeria. Enugu is made up of two Local Goverrment Areas -
the Enugu NOrth.and gouth Local Government Areas. The city
lies approximately between Latitudes 6°211 and 6°30'N and
Longitudes 7026' and 7037‘E of the equetor and Greenwich
meridian respectively. It is bounded on the north by Igbo-
Btiti and Izi-Uzo Local Government Areas; on the east and
south by Nkanu Local Government Area and on the west and
south-west by Udi Local Government Area {see Fig. 2).

"It lies on.the plains close to the foof of east facing
escarpment of Enugu -~ Awgu Cussta" (Okoye, 1975 p. 50).

The growtih impulses of Enugu is likely to spread far and wide
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because it is the capital of Enugu Sﬁate. The present
study does not cover the whole area of REnugu North and
South Local Government Areas - rather it covers the area
under the suggested Town Planning Boﬁndary for Enugu

(see Fig. 3) with the total land area of about 182 square

kilometres.

1.8.2 Growth and development:

The origin of Enugu dates back to 1909 when cocal was
first discovered near Udi by a group of geologists sponsored
by the then colonial government (Jennings, 1959). The
opening of different coal mines - Udi siding in 1915;

Iva in 1917 and another in 1922; Hayes in 1951 and Ekulu in
1960 - attracted many miners and traders to the city an
helped its population to increase.

Although the coal industry provided the initial impetus
for the growth of Enugu, events of the following decades
show that it was more than a mining town. For instance,
in 1929 the administrative headquarters of Southern
Protectorate in Calabar was transfered to Enugu and in 193G,
it became the headquarters of the former Eastern Provinces
of Nigerias. The introduction of regionalization in Nigeria
during the fifties resulted in Enugu becoming the capital

of former Eastern Region of Nigeria. After the creation of
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of twelve states out of the former regions in 1967, Enugu

became the capital of former East Central State, a position

it functionally assumed at the end of the civil war. It

also became the capital of old Anambra State after the

creation of 19 States on 3rd February, 1976. The old

Anambra State was split into two states - the present

Anambra and Enugu States were created in 1991 - and Enugu

became the capital of Enugu State. Thus, Enugu since the past
sixty years had been an administrative headguarters. Now, the

city plays the tripple role of being the capital of Enugu

State, the headquarters of Enugu North and South Local

Government Areas.

Ehugu‘%eing one ef the major wmetropolitan centres in
Nigeria, has experienced rapid population growth over the
years. During the past decades, tiie spectacular growth of
population of Enugu has placed tremendous burden on
transportation in a short period of time. In 1909, the
city's population was less than 100 inhabitants. The
city's population grew to 63,212 in 1953 and 138,475 in
1963. Udo (1978) estimated population of Enugu to be
169,340. The results of 1991 census show that Enugu has a
population of 465,072. The implication of the present
population of Enugu which is little less than half million

inhabitants, is the high demand for public passenger



transpert services, especially by mass transit bus that can
adeéuately'liﬁk and ‘serve major parts of Enugu,

The growth and devélopment of Enugu over the years have
been reflected in the internal socio-economic and physical
structures of the town. The physical structure of the city
~is reflected in differential landuse types, such as those
devoted to industrial, commercial, educational, recreational,

residential and transPOftational uses., Enugu is served
with road types connecting various landuses in it (Fig. 3).
Thus efficient interactions between those various landuses

in the city depend om.efficient intra-urban transportation
for all activities, taking place in them essentially for those

inveliving the movement of persons in a criss-cross manner.
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CHAPTER TWO

TTHA-URBAN BUS TRANSPORT SERVICES TN ENUGU

The growth 'and development of mass transit bus.
system in Brnugu

Intra-urbén‘mésSStrahsit:bus,services have been
improving along with;the deﬁeiOpment of Enugu during the
last four decades. In 1960s, the.pﬁblic passenger transport
services were dominated by private cars and taxis with few
mass transit bus services, for instance, Udoye Bus Service of
Enugu (Mba, 1992). Also in the 197C's, about 90% of urban
passenger modes were by private cars and taxis in Enugu
{Okpala, 1977). Between 1980's and now, the intra-urban mass
transit bus services have improved slightly. Government
agencies, corporate bodies and private individuals, have been
involved in tlie provision of buses of different capacities
for intra-urban mass transit bus services in Enugu. The
East Central State Government in the 1970s introduced the
Oriental Bus Line and later, the Coal City Bus Services
(Ume, 1977). The Transport Company of Anambra State Limited
(TRACAS) in September 1989, approved fifteen bus routes to
the city's major residential-to-work transbortation problems
(see Table 2 and Fig. 4).

Out of the fifteen bus routes, 6 of them (i.e. routes
No. 10 - 15) were proposed cnes, while the other nine routes

(routes No. 1 - 9) were operating routes by TRACAS using



TABLE 2: Approved intra-city bus routes in Enugu by the
Transport Company of Anambra State: (TRACAS)

Route, o
i No. i Route Description
, ]
1 Emene - Ogui Road - 0ld Park - Relief Market.

- 2% Abakpa - Okpara Avenue - 0ld Park - Reiief Market

3 Abaxpa - Garden Avenue - Colliery Avenue -
kelief Market.
4 New Haven - Ogui Road - 0Old Park -~ Relief Market.
Abakpa - Ogui Road - 0ld Park - Relief Market.
6 Gariki - Zik Avenue - Okpara Avenue - Colliery
Avenue -~ Relief Market.
7 Gariki - New Layout - Independence Layout -
Abakiiiki Road - Colliery Avenue - Relief Market.
8 Emene -~ Abakiliki Road - Qkpara Avenue - Cld Fark
| - Relief Market.
9 Gariki - Coal Camp - Prison -~ Aria Road - Relief-
Market.
10 Ogul Junction - Abakpa Junction -~ TRACAS Express
i - Eke Obinagu. 3
H11 Abakpa - Ogui Road - O'Conor Street - Obiagu Road.
i12 Abakpa - iike Hotel - Housing Estate - Ekulu

Express - Relief Market.

i 13 Mary Land - Timber Shed - Kenyatta Market - zik
Avenue - Amigbo Lane - hkwata - UNTH - Relief Mkt.

14 UNEC Gate - Kenyatta - Edozien - Akwata -~ UNTH -
Relief Market. '

315 Abakpa - Fire Service = Independence Aﬁenue -
; | Rangers Avenue - A.T.V. - ESUT - Obiagu Rcad -
§ . Ogui Road - Okpara Avenue ~ Abakpa. ;

t

SOURCE: Transport Comnany of Anambra State, Planning Office
Enugu, 1989.
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only six MB 0365 buses up till 1991 when the company
stoppred intra-urban bus services in Fnugu. Other private
mass transit bus operators were also plying the same routes
along with TRACAS buses.

After thé'spliting of Transport Company of Anambra State
Limited (TRACAS) into Enugu State Transport Company Lbd.
(ENTRACO) and Transport Company of Anambra State Limited
(TRACAS) due to the creation of new States in 1991, ENTRACO
in 1994, approved only four routes cut of the nine functional
routes formerly approved byzgid Transport Company of Anambra
State (TRACAS) {see Table 3 and fig. 5) to alleviate mostly
civil servants' intra-urban transportation problems in the
city. The approved bus routes by ENTRACO were functional
oniy at two periods in a day - between 6.00 a.m. and 9.30 a.m.
and between 3.30 p.m. and 5.00 p.m. OQOutside these two
periods in a day, ENTRACO withdrew its buses from intra-
urban transport services and deployed them to inter-city
routes. By the tail end of 1995, ENTRACO stopped operating

intra-urban bus services in Enugu in any form.

Bus route linkages in Enugu

During the field work, 19 functional intra-urban bus
routes were identified as shown in Table 4. These intra-
urban bus routes link various land uses in Enugu. The

intra~urban bus route network covers the major arteries on
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TABLE 3: Apprcoved intre-city bus routes in Enugu by the
"Enugu State Transport Company (ENTRACO)

Route

No. Route Description

PYvoRa—

Gariki ~ Amechi Junction - Mayor ~ Amckwe -
Amawbia - Esso - Osondu - Edozie - Edinburgh -
P & T Quarters - Health - Relief Market.

1

2 Emene (Oye Emene} - Thinkers Corner - Abakpa
Junction - Army Gate = Ogui Junction - School
Board -~ IMT/Polo Subway - Secretariate -
Relief Market.

3 i Nike Road - Abakpa - Mami Market - Abakpa

i Junction ~ Army Gate - Ogui Junction - School
) . Board =~ IMT/Polo - Subway - Secretariat -
Relief Market.

L4 ? Gariki - Esso - Coal Camp - Akwata - C.P.S./
i UNTH - Aria Road - Agric - Relief Market.

SOURCE: ENTRACO Planning Office Enugu, 1994

Enugu city road network. The major arteries are trunk A
and trunk B roads while very few trunk C and street roads
are covered by bus route network. The total length of
intra-urban bus route network in the city of Enugu is

approximately 218.7 kilometres. This length of urban bus
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General acscrlpt¢on OL 1ntra-arban bus -
POhtuS in FEnugu 4

! N ApproxXi-
| Route e e mate 3
NoO. Route Description Length
; ' (in‘Km)
™~ - - - ;
1 Abskpa Nike - Abakpa dunhtlon - Ogul i
' Junction - IMT/Polo Park - Subway - Old Park| 12 g
- Kingsway Road - Relief Market '
2 Abakpa Nike - Federal Housing - Trahs Ekulu 9.5
Bridge = IMT/Polo Park - Subway-0ld Park )
3 Abakpa Nike - Abakpa Junction - City Layout :
- New Haven - Ogui Road - O'Conor Street - 15.1
Obiagu.
4 . Abskpa Nike - Abak?a Junction = Ogui Junction 44 4
- Cgui Road - O'Conor Street - Obiagu. T
5 Abaskpa Nike - Federal Housing - Trans Ekulu 11.4
Express - Relief Market.. *
6 Abakpa Merket - Ugbo Paul - Ugboezeji 2.4
b7 % Oye Emene - Thinkers Corner - Abakpa Junction. }
i i~ Ogui Junction -~ IMT/Polo Park ~ Subway = 17
’ i 0ld Park - Kingsway Road - Relief Market.
8 | Oye Emene - Thinkers Corner - Abakpa 5
i i Junction - Mami Market - Trans Ekulu 18 :
i Express - Relief Market. : :
; 9 ; Eke Obinagu - Oye Emene - Thlnkers Corner -
g i Abakpa Junction ~ Ogui Junction - IMT/Polo 20
i Park - Subway - 0ld Park - Kingsway Road -
; Relief Market. .
310' | Eke Obinagu - TRACAS E Express - City Layout . §
; . = Abakpa Junction - Ogui Junction - IMT/ 17.5 :
_ i Polo Park - Subway - 0l1d Park - Kingsway !
! i Road - Relief Market. ! i
111 | New Haven - (Ogul Road - Main Market Road %

| Park - Kingsway Road - Relief Market.

P 11.1
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-
§

'12 i Obiagu - G'Co“or Street - Ogui. Hoaa - Main

: Market -~ 0ld Park - Klngsway Road - Rellef 8
: i MarKet. : _ o v
13 Garikil; Achara Layout - Zik Avenue -~
Main Market.~ Okpara Avenue - Coiliery 13

Avenue - Reilef Market.

14 Gariki - “pchara Layout - Kenyetta - New Layout
- Independence Layout =~ Ogui Junction - . 21
IMT/Folo Park - Sub way»-‘Colllcry Avenue -
- HeLlef Market.

15 | Gariki - Achara Layout ~ Camp ColLlery -

Akwata - CPS/UNTH - Prison - Kingsway Road | 10.5
- Relief Market. : : : .
16 Amechi Junction - Express Round About - 3
Eke Otu Amechi, , . N
17 | Relief Market - Iva Velley - | 2.5
| 18 | Relief Market - Express Round About - RCC 5
: ¢ Camp - Ugbo Odogwu P
? 19t § Relief Market - Secretariate - Okpara ' .
i | Avernue - Main Market - Zik Avenue - Edozie , 11
; ¢ Street - Kenyatta Market - Maryland - !
' { Ugwuaji. ; !

SOURCE? Fieldwork;b1995

route is relatively inadequate whén‘comparedwwith the
population of 465,072 inhabitants distributed in an area of
about 182 square kilometres it is supposed to serve. - There
are more bus route linkages in the inner city areas than in
the periphefies as can be seen in Fig.’6.» This is because
of the concentration of economic activitiés, schools, churches,

and hOSpltalS 1nteruperued with res;dentlal areas within the

city centre.
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Bus stop location and Iacilities in Fnugu

Bus stop-is simply defined as the fixed stopping place
for buses for‘boarding and alighting of passengers. Bus
stops arewéiég cohcidered as the sum to%al of facilitiés and
their locatlons where read-haul trdfflc is orlglnated
termlnaged and/or 1nterchangeu belore, durlng or after the
road-haul movement, including the servicing of fa0111t1es
for the vehicles and eguipment in which the traffic is moved.
Such a grouping of facilities does, usually eccur at the end
of a route but it also occurs freguently at one or more
intermediate points along the route.

Hewever, in the’city of.Enugu,>the bus stops‘éré ibcated
at major traffic generators Sdch as sohdéis,mhdspitéls,
employment, recreational and residential centres along bus
rcutes in different parts of the city as shown in Fig. 6.
Tune bus stops have little to offer in terms of facilities
such as bus sfop sheds and mechénics fdrAéefviciﬁg the
vehicles at the bus stops. Only few bus stops have sheds
(plate 1). The bus stops that have bus stop sheds include
School Board, IMT/Polo Park, Subway, OKpara Avenue Round
About, Ogui Junction, Iji Nike, WAEC, Army Main gate,

Abakpa Junction, ESUT, Works, Agric, Amawbia, Aria road,
New Market and Edozie bus stops, Most of the bus stop
sheds are dilapidated (Flate 2) and water—logged during the

rainy season.
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PLATE 1: Subway bus stop alzsng Okpara Avenue
with bus stop shed.
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DLATE 2: Dilapidated Bus >top Shed.
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2.3.17 Bus stop spacing

Bus stop spaeing is defined as the distance between twe
consecutive bus stops. Bus stop spacing varies significantly
from cit& to city. For example, in Washington D.C. it is
268.2 metres, in Los Angeles and California, it is 402 metres
and in Richmond, Virginia, it is 134 metres (Demetsky and
Lin, 1982). 1In the city of Enugu, the bus stop spacing
varies from one part of the city to another as shown in
Table 5. The average bus stop spacing in Enugu was found to be
approximately 336 metres. |

In parts of Ogui Junction, IMT/Polo Park, Relief Market
and 01d Park (Ogbete), the average bus stop spacing is less
than 200 metres. 1In parts of Thinkers Corner/Emene Industrial
Layout, Obinagu, Mkpologwu/E.I.L.E., Trans Ekulu, R.C.C.
Camp/Ugbo~0Odogwu, New Layout, Kenyetta, Maryland, Amechi and
Ugwuaji, it is above 400 metres. Other major centres in the
city have average bus stop spacings ranging from 205 metres
to 375 metres.

Closely spaced bus stops provide short walking distance
to bus transit; but they tend to increase the Jerkiness of the
bus ride and bus travel times along bus routes. The bus
stops are closely spaced in the inner city areas, for example,
01d Park (175 metres) and widely spaced in the major centres

at the city peripheries, for example, Amechi (550 metres).
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TABLE 5: Bus Ztop Spacing in Enugu
Node Name of Major EAverage
Nunber Centre ;Bus §top Type of Major Centres
'spacing
- (in Metre) ‘
!
1 Abakpa Nike | 250 Residential and Market
2 Abakpa Junction 375 Employment and Educational
3 Thinkers Corner/ _
E.I.L. 405 Bducational and Employment
4L Emene - 355 Residential and Market
5 Obinagu 440 Residential, Market and
Employment
6 Mkpologwu/E.I.L.EL 520 Employment and Educational
7 City Layout 208 Residential
8 New Haven 205 Residential
9 Ogui Junction 185 Empioyment and Residential
10 IMT/Polo Park - | 175 BEducational, Residential
angd Recreational
11 Trans Ekuiu ; 420 Residential
12 gégég& Camp/Ugbo L40 Residential
1P| erment. L g5 moptoyment
14 Relief Market 195 Market and Employment
1 15 iva Valley 35( Residential and Employment
n oas .
10 X?%}ggg ﬁ:ﬁ;girs/ 334 Residential and Market
17 Asata r250 Residential and
i i Recreational ;
18 i Old Park 175 i Market, Residential and ;
(Ogbete) | - Employment '
19 | Onu Asata i 250 Residential §
20 % Obiagu § 355 i Residential




“Node Namg of Major %Xgrgigp . .
Number .. Centre | spacing Type of Major Centres
(in Metre)
21 New Layout 425 Residential and
Educational
22 Uwani 300 Residential and
Employment
23 Kenyatta 450 Residential and Market
24 Achara Layout 345 Residential and
Emplocyment
25 Camp Colliery 260 Residential and
' bmployment
26 Independence Educational, Employment
Layout 305 and Residential
27 Amechi Junction 275 Residential and
Educational
28 . Gariki . o -
i | (Awkunanaw) 365 Residential and Market
| ! _ .
i i
{29 { Maryland 460 Residential
i
30 g Amechi t 550 Residential
31 | Ugwuaji bosu0 Residential
i
SOURCE: Fieldwork, 1995
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2.4 Provision of mass transit bus services in Enugu

Bus services are the dominant mode of motorized transit
in the intra-urban movement of persons in the city of Enugu.
Bus services for the movement of passengers within the city
are provided mainly by individual entrepreneurs and partly
by few government agencies and companies or firms as shown
in Table 6.

Individual entrepreneur bus operators account for about
65% of the bus provision for intra-urban passenger transport
services in the city of Enugu, Private bus companies or
firms contribute about 35% in the provision of buses for
intra-urban movement of persons in the cityv. They operate
mainly big and medium sized buses (see table 6). These
companies or firms own a fleet of 2 - 7 buses each.

Few publicly owned and operated bus services (Government
owned mass transit bus) do not, in recent times, provide
permanent bus services for intra-urban passenger transportation
in knugu. They occasionally deploy few of their buses to
different intra-urban bus routes in the city when they do not
have enough passengers for inter-city transport services.

The major periods these services are offered are between

6.30 a.m and 9.30 a.m. and between 3.30 p.m. and 7.30 p.m.
some

The Enugu State Transport Company (ENTRACO) was deploying/.of

its buses to few routes in the city during the peak periods
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TALLE 6: Major Operators 0f Intra-Urban bus Services
in Enugu
i Number of ﬁiCapacity
Name of R -
- Vehicle in of each
: Operator Type of Vehicle Circulation i Vehicle
1 i small Joe Mercedes Benz
Enterprises{Luxurious single-
Deck Bus 608D 5 100
21C to C and }Mercedes Benz=~
Sons Ltd. Luxurious single
deck bus 608D 4 100
31 Chi-Oma Bus|(aj Mercedes Benze
Transport Luxurious single-~
Service deck Bus 608D 2 100
(b) Mercedes 508D
and MRBO365 buses 2 45
4 i Silk Invest+(a) Austine Luxu~
ment Trans-irious Single deck 2 80
port bus
DETVICe (b) Mercedes Benze
508D 3 45
51 Ije Oma Bus)(a) Mercedes Benz
Transport 911, Locally
Service Constructed body 1 110
a (b) Mercedes Benze
508D Bus 3 45
61 Chukwudi j(a) Fiat Luxurious
Ndu Single deck Bus 2 100
i Transport (b) Merce
: : Mercedes Benze
Service 5080 - 3 45
7 { Chinaelo (a) dustin
Motors “jLuxurious single~-
deck bus 2 160
| {b) Mercedes Benze
; 508D 2 45
i

i
{
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Capacity

; ! - § %NUmber of
P Nafeﬁgi i Type of venicle | vehicle in i of each
. Operator Z Circulation i vehicle
i
8i Small Small Mercedes Luxurious
Bus Service single-deck 4 100
608 bus
91 Ezigbo & Sons (a) Mercedes Benz,
Bus Transport Luxurious single~
Division deck 608D bus 5 100
(b) Mercedes Benz
508D 2 L5
10} Skyline Austin Lucurious
Express Bus and Mercedes
Benz 608D 6 100
11{ C.M.E. Trans- Mercedes Benz
port - Luxurious Single-
deck 608D bus 5 120
112] Eastern Mass (a) Psugeot J5 2 18
Transit (b) Mercedes Benz
508D 5 L5
13; Abakpa Nike Toyota Hiace 2 18
Community Bank
Mass Transit
14; Enugu North Mercedes Benz
Local 508D 6 45
Government i
Mass Transit !
— -
M5! Ezeagu Local | Nissan Urvan E20 2 18
Government
i Mass Transit
o S
16; Nsukka Local Mitsubishi L300 1 14
i i Government
| Mass Transit i
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Number of Capacity
Vehicle in of Each
Circulaticn { Vehiicle

Neme of Type of Vehicle
Operator

171 0nitsha South

: Local Govern~ | Mercedes Benz ?
| ment Mass 1.207D ; 4 45
Transit : E
181 Individual Operators in this group own one or two
Entrepreneur buses each. Most of them drive their
Operators buses by themselves. They own 14 - 18,

l ; or 20 seater mini and medium-sized
buses consisting of Velkswagen Kombi,
Datsun EZ2C, Daihatsu, Toyota Hiace,

. Mitsubishi L300, Toyota Commuter,

i Toyota Coaster and Toyata Civilian buses.
H

t

SOURCE: Fieldwork, 1995

only when there was fuel scarcity so as to alleviate the intra-
urban transport problems of civil servants but this was stopped

in 1955.

2.5 Capacity of Urban Buses

The capacities of urban buses in Enugu are in three
categories -~ Minibuses with capacities of 14 - 18 passengers;
medium buses with capacities of 36 - 45 passengers and big
buses with capacities of 80-120 passengers as shown in
Table 6. Standing/sitting ratios of 3:1 are not uncommon
in both medium and big buses in Enugu during the peak periods,

when the passengers can squeeze in and hang onto them.,
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Minibuses include Nissan buses, Peugeot J5, Toyota Hiace and
Mitsubishi buses (plate 3). They are the most ubiquitious

of all passenger carriers in Enuéu. Medium~-sized buses
(plate 4) include Mercedes Benz 508D and 207D buses. Big
buses (plate 5) comprise of Mercedes Benze single~deck
Luxurious 608D buses, Mercedes Benz 911 with the body locally
constructed in form of Luxurious buses, Flat and Astin

Luxurious buses.

2.6 Bus fare systems

During the research, with the use of questionnaire
(Appendix £) and personal experiences, we found out that the
governmment of Enugu State approved a flat fare of #5.00
per trip for all buses operating in the capital city of Enugu
since 1994, But in practice, more than one bus fare are
charged by different bus operators in Enugu. The flat fare
of :5.00 per trip is charged by all the government owned mass
transit bus and private mass transit bus operators, operating
big buses. It was also found out that they were charging
..10.00 per trip when the prices of petrol and gas were
increased. The second bus fare system is distance-based fare
{i.e. fare increasing arbitrarily with increase in distance
of the bus commuters' journeys). This system is practised by min-

bus. operators. - They-charge between ¥5.00 and #1C.00 per.trip
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PLATE 3:; Minibuses with the capacity of 14
passengers each.



Az

PLATE 4: Medium--sized 508D Mercedes Benz buses
with the capucity of 45 passengers each,
21 sitting and 24 er more standing.



PLATE 5:

An example . f big buses used for intra.

urban passenger transport services in
the city of Enu

80 .

gu with a capacity of
- 100 passengers.
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depending on distance of the trip when the petrol price
is normal and betwsen . 10.00 and .20.00 when the petrol
price has increased.

This increase in the normal bus fare from :5.00 to
+.10.00 per trip is mostly practised during the peak traffic
flow hours of between 6.30 a.m. and 9.30 a.m. and between
3.30 p.m. and 7.30 p.m. Whenever the minibus operators are
compelled by different government agencies to charge the
normal fare of ,5.00 per trip, they resort to reducing the
length of bus routes thereby forcing many bus users to
change buses during their Jjourneys and pay more than one
bus fare. The non-conformity of many minibus operators to
charge the normal fare of 1.5.00 per trip, has significantly
reduced the personal accessibility of the bus users to the
services of mass transit bus in many parts of Enugu
especially at the city peripheries. This situation has
forced many people to walk up to 3 km or more to go to work

or to where they can board a bus to reduce paying more.
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CHAPTER THRERE

QUALITY OF BUS SERVICES INDICATORS (INDICES)

3.1 Introduction:

Despite the vital role that buses are able to play in
any urban area, their services are frequently insufficient
to meet demand and the services that are provided suffer from
low output. To determine the quality of any public transpert
service, for example bus service, the concept of level-of-
service (L.0.S) has to be employed and the components of the
concept investigated and evaluated. The concept of level-
of-service otherwise referred to as service standard (Ume 1991),
quality of service indicator (World Bank, 1987) is not
exnaustively defined because different people and different
urban areas may lay emphasis on various components of the
concept as explained in section 1.4.3.

In this research, we examined three of the components
of the 1eve1—of;service of bus transport services in the
city of Enugu. The variables (components) considered include
(a) passénger waiting time for bus at bus stops, (b) passenger
walking distance or time to the nearest bus stop at the
origin and destinations and (c) frequency of bus services ©o
each of the major centres. We decided to consider these
three variables of the level-of-service of bus passenger
transport in Enugu because they affect the personal accessi=-

bility to bus services and they are the most generally
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accepted guality of bus service indicators of any public
carrier. The three variables were examined in all the 31
sample major centres in Enugu in order to.determine the

spatial variations of mass transit blus services in the city.

3.2 Waiting time for bus:

An important characteristic of a public transport
service is the time a passenger has to wait before getting on
a vehicle. For the purpose of this research, waiting time
for bus is defined as the time a passenger spent at the
bus stop between the passenger's arrival at a bus stop with
the intention of catching a bus and the time the bus he
eventually boarded departs from the bus step. Variations in
passenger wailting time for buses at the bus stops are brought
about by operational changes of bus services. Bus users find
long waiting time at bus stops for the arrival of buses
exceptionally very irritating and therefore, most likely to
cause them to withdraw their patronage (Coe and Jackson, 1977)
and to find alternative if any or suffer that permanently.
The average passenger waiting time the world over as devised
by World Bank, ranges from 5 - 10 minutes indicating high
quality of bus services and the maximum time passengers are
expected to wait for the arrival of buses at bus stops,
ranges from 10 - 20 minutes indicating moderate quality of

bus services. When the passenger waiting time is above
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20 minutes, it indicates poor quality of bus services as
passengers have to wait for a long time before getting a bus to
board and travel (World Bank, 1987). This method, devised by
the World Bank in measuring the quality of bus services in the
cities, based on passenger waiting time, will be adopted in
this research.

The passenger waiting time for bus is greatly affected
by a number of factors. One of the factors is the bus service
freguency. It is expressed as the nuéber of bus arrivals
per unit time (hour). The higher the bus service frequency,
the shorter the waiting time of passengers and vicCe versa.
Another factor is the capacity of buses. It is defined as
the number of passengers a bus can cérry at a time. It takes
longer time for thé big buses to load and off-load passengers
than the minibuses because of the differences in their
capacities, and this, will in turn, affect the passengers'
walting time. The number of potential bus users demanding
for bus services in an area influences waiting time for bus.
When the demand for bus services is greater than the supply in
an area, the length of waiting time tends to be long. Again,
if the supply of bus services is higher than the demand for
it, then, the loading time of bus will increase and conse-
quently, it will increase the length of waiting time of
passengers. One other factor that affects the waiting time

for bus, is the location of a place in relation to the bus
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network of bus services. Areas that are highly accessible

to the bus network, tend to experience high bus service

frequency which will facilitate the boarding of the buses

easily by the bus commuters. The reverse will be the case

if the areas are poorly linkea by bus routes. The passengers

that use intermediate bus stops, along bus routes, for

catching a bus, usually spend more time before boarding it

than those using the bus terminals. This is as a result of the
fact that most of the buses will be fully loaded with

passengers before reaching the intermediate bus stops.

Other factors include volume of traffic and the nature of bus

routes.

The primary source of information and data about the
passenger waiting time for bus at bus stops in the city was
from the guestionnaire (Appendix A) which was administered
to passengers (bus users) in the 31 sample major centres in
the study area. The questionnailre was administered to bus
users found in different bus stops within each of the sample
major centres., At least 30 bus users from each of the sample
centres were administered with the questionnaire. One of the
problems encountered during the collection of data was that
most passengers were inzhurry and were not ready to answer
any question.

The data collected about passenger waiting time for

buses at the bus stops were analysed by using the arithmetis



mean method to find the mean of passenger waiting time for
bUS_in each of the 31 major centres. The mean is a value
which 1s a typical representative ofla set of data. Since
such a typical value tends to lie centrally with a set of data,
it is a measure of central tendency.

Table 7 shows the mean passenger waiting time for bus in
each of the major centres in the city of Enugu. Fig. 7 shows
lines of equal mean passenger waiting time in Enugu. It is
interesting to observe that 10 - minute line of egual mean
passenger waiting time, encloses an area with the lowest mean
passenger waiting time for bus in the city, indicating high
quality of bus services in the area. The area comprises these
major centres: 0ld Park (9.84 minutes), City Layout
(9.91 minutes), New Haven (10.6 minutes), Government
Secretariat (10.15 minutes), 4bakpa Junction (10.85 minutes)
and Ogui Junction (10.69 minutes). These major centres
enjoy shortest passenger waiting time in the study area
because they are located within the city centre area and as
a result, they experience high frequency of buses - big,
"medium and minibuses.

Other major centres comprising IMT/Polo Park, Relief
Market, Abakpa Nike, Emene, Rallway Quarters/Artisan Market,
Asata, Onu Asata, Obiagu, New Layout, Kenyatta, Achara lLayout,

Camp Colliery, Independence Layout, Amechi Junction and
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IABLE 7: The mean passenger waiting time for bus in
major centres in Bnugu
fNode - Megn-Passgnger
| Number - Name of Major Centre W@ltlpg Time
(in Minutes)
1. | Abakpa Nike 15.53
2. Abakpa Junctien 10.85
3. Thinkers Corner 21.44
L, Emene 16.49
5. Obinagu 29.12
6. Mkpologwu/E.I.L.E. 26.63
T City Layout 9.91
8. New Haven 10.60
9. Ogui Junction 10.69
10, IMT/Polo-Park 12.30
1. Trans Ekuiu 20.74
12. R.C.C. Camp/Ugbo-0dogwu 25.50
13. Government Secretariat 10.15
14, Relief Market 12.53
15. Iva Valley 21.28
16. Railway Quarter/Artisan Market 12.87
17 Asata 12.06
18, 0ld Park (Ogbete) 9.84
19. Onu ‘Asata 15.67
20. Obiagu 13.50
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Node i _ : Mean Passenger
Number Names of Major Centre o Wa}tlng Time
§ (in Minutes)
21. New Layout | 12.05
22, Uwani 22.58
23. Kenyatta 19.60
24, Achara Layout 12.80
25. Camp Colliery 15. 39
26. Independence Layout 14.50
27, Amechi Junction | 13.39
28. Gariki (Awkunanaw) 14,03
29. Maryland 30.16
30. | Amechi | 26,30
1. % Ugwuaji 30.31

SCURCE:  Fieldwork, 1955

Gariki Awkunanaw, enjoy mean passenger waiting times,

ranging from 11 to 20 minutes and they are located in the

area that lies between 10 - minute line and 20 - minute 1line

of equal mean passenger waiting time for bus. This indicates
moderate bus services in the major centres. All %he majoer
centres, located from 20 - minute line of equal mean

passenger waiting time towards the peripheries of the study
area, suffer long waiting time for bus. This long waiting time

increases as one moves towards the peripheries. MaJjor centres
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involve in this group include Ugwuaji (3U.31 minutes),
Maryland {30.16 minutes), Obinagu (28.3% minutes), Mkpologwu/
E.I.L.E. (26.63 minutes), Amechi (26.30 minutes), Uwani
(22.58 minutes), Thinkers Corner (21.44 minutes), R.C.C.
Camp/Ugbo~-0dogwu (25.5 minutes) and Iva Valley (21.88
minutes). Factors contributing significantly to the long
waiting times for bus in these centres, as was observed
during ﬁhe fieldwork, include low bus service freguency, low
connectivity of bus routes, low capacity of buses serving
some of the centres and majority of them are located at the
peripheries of the study area, and as a result, only few bus

operators are prepared to carry passengers to such centres.

3.3 Passenger walking distances

Passenger walking distance from origin or destination
to the nearest bus stop is cone of the important elements
that determine the guality of mass transit bus services in
any given urban area. It is one of the determinants of
bus commuter's travel time. Walking distance of a bus
passenger can be defined as the distance a passenger walks

before reaching the nearest bus stop toc his point of origin
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or‘destination to eatch a bus for a ride. The extent by
which bus passengers walk before reaching the nearest bus
stops to them depends on the spacing between adjacent transit
bus routes and the spacing between adjacent bus stops
(Jende hus and Surti, 1976). If the total bus services in a
place is spread, passenger walking distance will be short and -
if the bus services are concentrated in few routes, that means
long walks by the bus passengers (Faulks, 1990). The World-
wide'average bus passenger walking distance ranges from 300-
500 metres for dense urban areas and between 500 - 1000 metres
for low dense urban areas (World Bank, 1987).

From the bus users' questionnaire (Appendix A) data for
bus commuters walking distances to the bus stops nearest to
them were collected by administering the questionnaire to
bus users found at different bus stops within the 31 sampled
major centres in Enugu. Using arithmetic mean method, the
average passenger walking distance was determined in each of
the 31 sample major centres. The smaller the average, the
shorter the walks and the bigger the average, longer the
walks by the bus passengers.

The results of the analysis of the bus passengers'
average walking distances in all the major centres, are
displayed in Table 8. Fig. 8 shows the spatial variations

in mean passenger walking distance in the study area.
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TABLE 8: Bus passenger mean waiking distance in the
major centres in Enugu
' Mean walking
Ngggzr Name of Major Centre g;z:gﬁgzrgf Bus
(in Metre)
| 1. Abakpa Nike 501.27
2. Abakpa Junction 343,74
3. Thinkers Corner 606.20
b Emene 605.20
5. Obinagu 664.73
6. Nkpolegwu/E.I.L.E. 519
7. City Layout 292.59
8. New Haven 253
9. Ogui Junction 271.24
10, IMT/Polo Park L475.43
11. Trans Ekulu 528.78
12. R.C.C. Camp/Ugbo-Cdogwu 591.21
13, Government Secretariat 297.24
14, Relief Market 281.8
15. Iva Vvalley 563,75
16. Railway Quarters/Artisan Market 311.4
17. Asata 290.82
18. 0ld Park (Ogbete) 300, 64
19; Onu Asata 669.75
20. Obiagu 669.75




o Mean Walking
N§§gzr Name of‘Major Centre | g;igggzzrzf EBus
i (in Metre)
21. New Layout 367.55
22, Uwani 326,72
23, Kenyatta 630,78
24, Achara Layout ' 454,75
25. Camp Colliery 296
26. Independence Layout 436,68
27. Amechi Junction 513.21
28. Gariki {Awkunanaw) | 661
29. Mary Land 673.5
30. 3 Amechi 620.66
; 37. g Ugwuaji 600.4

SOURCE:  Fieldwork, 1995

From Table 8 and Fig. 8, it is worthy to observe that major
centres with the smallest mean passenger walking distances
include New Haven (253 metres), Ogui Junction (271.8 metres),
Relief Market (281.8 metres), Asata (290.82 metres), City
Laycut (292.59 metres), Camp Colliery (296 metres),
Government Seécretariat (297.24 metres) énd 01d Park (300,64
metres). This group of major centres is enclosed by 300 -

metre line of equal mean pzssenger walking distance (Fig. 8).



P

AP

z

/__/. Abakpg Nike

R.C.C. Comp/Ugbo-Odogwu~g
¢ Trons Ekuly

@ Thinke¢s Corner

[
Railwoy Quarier/
Artisan Market

o Obiagu - ™\
@) New Layout ’.'

L~00~EQUAL PASSENG ER WALKING
DISTANCE (IN METRES)

— ST~ ' /o 2. o« CONNECTED MAJOR CENTRES.

J——— SUGGESTED ENUGU PLANNING
AUTHORITY BOUNDARY.

SOURCE. FIELDWORK, 1995.

Fig.8: ENUGU SHOWING AREAS OF EQUAL-PASSENGERS WAL KING DISTANCE




- &9 -

The potential bus users in the above named centres reach the
bus stops nearest to them easily because of the short
distances involved.

Between 300-metre line and 600-metre line of mean
passenger walking distances, lie the major centres having
fairly high passenger walking distance in the study area.
These centres include Abakpa Nike, Iva Valley, Onu Asata,
Amechi Junction, Mkpologwu/E.I.L.E., R.C.C. Camp/Ugbo-Odogwu
and Trans Ekulu. It is also observed from Fig. 8 that the
major centres experiencing the higliest mean passenger walking
distances in the study area include Maryland (673.5 metres),
Obiagu (669.75 metres), Obinagu (664.73 metres), Gariki-
Awkunanaw (561 metres), Kenyatta (630.7 metres), Amechi
(620.66 metres), Thinkers Corner (606.20 metres) Emene .
(605.30 metres) and Ugwuaji (600.4 metres). They are found
in the area lying between 600 - metre line and 700 - metre
line of egual mean passenger walking distances. Most of the
bus commuters in the area trek long distances before getting
to the nearest bus stops to them to catcih a bus. One
significant factor responsible for this, as was observed
during the fieldwork, is the lack of many bus routes

traversing such centreg as illustrated by Fig. 6.
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3.4 Bus servics frequsncys:

Another scurce of variation in‘%he level of quality of
bus services is the freguency of buses (Johes, 1984). The
regularity of buses in a place for services enhanées personal
accessibility of bus passengers to the services of the buses
and vice versa. Bus service frequency as it is used in this
research, means the number of buses that arrive in the major
centres with the intention of carrying passengers for intra-
urban movements. The extent by which bus passengers wait at
bus stops for the arrival of buses is significantly affected
by the regularity or irregularity of buses at bus stops,

The alm of determining the bus service frequencies in the major
centres is to know the degree to which the number of buses
available for services vary spatially in_the study area and
their relationships with the bus waitingi?i the major centres.

The data on bus service frequencies were collected from
all the 31 sample major centres as described in section
1.7.6 with the designed proforma (Appendix B). The number
of buseé that arrived in each of the major centres was
recorded hourly. The buses counted were grouped into two -
minibuses and big buses (fof both medium and big buses).

The two groups were counted differently.v The total of each

group of buses counted was firgt calculated and secondly, the



total of buses of tﬁp TWo groups.put together was also
calculated as @isplayed in Teble 9. The percentages of
minibuses and big buses of the total buses put together Qereﬂ
calculated for each of the 31 sample major centres in éhe |
study area. Finally, the bus service frequency index of eaeh‘
of the 31 sample major centres was determinéd'by calcﬁlating
the mean of bus service frequencies of buses (both blg and
mini-buses put together) by leldlng the total bus service
frequencies by the tetal number of hours 1nvolved durlng theb
recording of bus frequency of service data. The total | |
number of hours involved in this ana1y51s is 12 hours

(6.00 a.m. - 6.00 p.m.).

Table 9 gives the calculated mean bus%serrice frequencies
for 312major centres in the study area. The mean bus serVice
frequeney {(number of buses.arrived'ﬁer hour) caiculeted for
each centre, varied from one eentre to another as demonstrated
in Fig. 9. From Fig. 9, it is interesting to note that the
bus service freqﬁency decrease&‘from the centre towards the
peripheries of the study area. Tne 100 - line of egual bus
service freguency encircles the major centres with the highest
mean bus serrice frequencies in Enugu, comprising 0ld Park

(MBSF

240.6), Relief Market (MBSF = 148.8), Ogui Junction
(MBSF

128.2), #Abakpa Junction (MBSF = 114), Abakpa Nike
(MBSF

112.5), IMT/Polo Park (MBSF = 107.3), and Government
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Secretariat (MBSF = 103). Between 100 - line and 60 - line
of equal mean bus service freguencies, lie major centres that
enjoy moderate bus service frequency. Major centres in this
group are Gity Layout, Thinkers Corner, Emene, New Haven,
Trans Ekulu, Raiway Quarters/Artisan Market, Asata, Obinagu,
ﬁwani, Achara Layout, Amechi Junction and Gariki Awkunanaw.
Moving away from 60 - line of equal mean bus service frequency
towards the peripheries, are found major cenires experiencing
very low bus service frequencies. Such centres include
Ugwuaji (MBSF = 1.3), Mary Land (MBSF = 1.6), Amechi MBSF =
3.1), Iva Valley (MBSF = 10.8) and Camp Colliery (MBSF = 14.7).
It is important to note that the bus service frequencies
in the major centres are the service frequencies of either
minibuses or big buses or both (Table 9). In New Haven, Iva
Valley, City Layout, Obiagu, Railway Quarters/Artisan
Market, Asata, Onu Asata and Amechi, only the minibus services
are accessible to the inhabitants of the areas, while in
Gariki-Awkunanaw, Independence Layout, Achara Laycut,
Kenyatta, Uwani, UgwuaJi, New Layout and Camp Colliery areas,
only the big bus services are accessible to their inhabitants.
Other major centres nct included in the two groups mentioned
above, both the services of mini and'big buses,:are accessible
to the people living in them in varied proportions as
explained by the calculated percentages of mini and big buses

service frequencies in Table 9.
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3.5 The spatial pattern cf the core areas

Three core areas of shortest passenger waiting time for
bus, shortest walking distance to the nearest bus stops and
the highest bus service frequency in the study area were
established as illustrated in Figs. 7, 8 and 9. Attempt was
made to establish a central area for the three identified
core areas. This was done by superimpcosing the three maps
of Figs. 7, 8 and 9 as demonstirated in Fig. 10. From Fig. 10,
it is observed that the central area of the three core areas
lies within the 0ld Park - Ogbete - Government Secretariat -
Ogui Junction - Abakpa Junction axis. This is the area in
the city of Enugu where potential bus users enjoy the best

bus services.

Many factors were found to be responsible for the existence

of the central area (Fig. 10) during the fieldwork. The
central area is the Central Business District (CBD) of Enugu
which is the business-commercial core of the city characterized
by the greatest cancentratioﬁ of business offices housed in
both massive and tall buildings, governmental and Judicial
offices, airline Dbooking offices, wholesale and retail stores
and petty traders' shops. The area is also housing the Enugu
State Government Secretariat, Enugu North Local Government
Headquarters, Churches, hospitals and the Ogbete Main Market.

The central area has the highest density of roads in the city.
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It was a2lso observed that the commercial houses were inter-
spersed with residential houses. As a result of the high
concentration of economic and social activities in the area,
it is the terminating point of a large number of bus commuter
trips from the rest of the study area, most of the day, and
the originating point of numerous commuter trips homewards,

especially between 3.30 p.m and 7.30 p.m.

3.6 Relationship between bus service frequency and
Waiting Time 1index

In establishing relationship between bus service
frequency and passenger walting time indices an analysis of
correlation between the two variables was carried out.
Correlation describes the degree of association or strength
of relationship between two or more variables. This is
usually measured by calculating the correlation coefficient

which expresses the linear relationship between two random
variables X and 'Y and denoting it by r. The variables X and Y
are assumed to have joint probability distribution (X, Y).

The most commonly used measure of linear correlation between

two variables is called the Pearson Product - Moment Correlation

Coefficient. Mathematically this is expressed ass
NZXY = (£ X)(EY) ,
r = ‘\/E@.XZ - (<,,‘~‘§><)ﬂ1 N,;Z_.YZ = (FY)T) ceeennencscaaes()
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where r is the correlation coefficient between X and Y;

X is the bus service frequency index; Y is the passenger
waiting time index; N is the number of observations. The
correlation coefficient also tells us the direction of the
relationship. If the two sets vary in the same direction r
will be positive, whereas if they vary inversely r will be
negative, The re«value ranges,from 0 to 1, the higher it is,
the stronger the relationship is supposed to be; while its
significance (whether it is a chance occurrence or not) is
tested by means of t-test.

Appendix D=1 shows the calculation of the correlation
between: bus service freguency and passenger waiting time
indices. The correlation coefficient (r) is given as
r = - 0.650 which shows that it is a negative linear
relaticnship between the two variables. The negative
correlation means that the greater the bus service frequency
index value, the smaller the passenger waiting time and that
the linear relationship is strong. In other words major
centres experiencing high bus service frequencies, enjoy
short wailting times for buses and the reverse is fhe case for
centres that experience low bus service frequencies. This is
consistent with the observation in the study area. The
correlation coefficient (r) is significant at 5% probability

level (see appendix D-2). To determine the level of



explanation provided by bus service fregquency, we computed

the coefficient of determination r or (0.650')2 which is

about 0.42 or 42%. This means that the bus service

frequency alone explains about 42 percent of the variation

of the passenger waiting time for mass transit buseé in the
whole of the study area. The remaining 58 percent cannot

be explained by variation in bus service frequency and so is
due to other factors such as accessibility to the bus network,
capacity of buses, volume of traffic, demand and the nature

of bus route as explained in section 3.2.
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CHAPTER FOUR

STRUCTURAL ANALYSIS OF BUS RCUTE NETWORK IN ENUGU

4,1 Network as a graph

In reaiity networks are highly complex spatial systems.
Only by substantial simplification of their reality are we
able to study some of their characteristics (Taaffe and
Gauthier, 1973). In studying transport networks, we use a
type of geometry known as topology, which is concerned with
the relative positions and relationships between points and
lines. This requires changing transport network into an
abstract form known as a graph. In doing so, some information
about the network such as capacity of route, type of use and
cost of construction will be deliberately discarded. As such,
graph theory makes no direct reference to the real world,
nevertheless it has potential usefulness in empirical analysis.
It provides some measures of the structural properties of a
real world system 1f that is idealized as a set of points
(vertices) connected by set of segments (edges).

Properties which characteristise ordinary or planar
graphs and thus transpertation systems treated as planar
graphs are as follows:-

i) a network has a finite number of places called nodes,
vertices or centres. Thus the residential, educational,
recreational, commercial, employment and market centres

are regarded as points on the network in this study.
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ii) each route joins only two different nodes'and are
called links or edges. Thus, bus routes are regarded
as links orledges;

iii) routes are two-way or undirected planar graphs which
may of course be directed; and
iv) two edges cénnot intercept at a point that is not a
vertex.
On the basis of such abstraction, various indices may be
calculated which describe either the connectivity,
centrality of network spread or accessibility. The graph
theory approacﬁ to network analysis has been considered
relevant in this study because of the reason as explained in
section 1.4.2.
At this point, the analysis is divided into three

sections: i

1. calculation of indices of connectivity which may be
considered as network specific indicess

2 constructionndf indices of nodal accessibility which
of course previdés us with levels of accessibility for
individual nodes on the bus network. These are node
specific indices; and

3. establishment of the relationship between accessibility

and some bus service indicators.
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4,2 Connectivity of bus network in Enugu:

Connectivity expresses the degree to which a network
permits direct movement between its various nodes and
therefore, it is an aggregate measure relating to the network
structure as a whole, Many indices of connectivity with
varying degrees of sensitivity as aggregate measure of inter-
connectedness of network otherwise called network specific

indices can be calculated namelys

Cyclometic number QLJ ) =e - v+ P cese itansescecassl(2)

Beta indeX (B)= % . "".0--.0.000...(3)
. 100

Gamma ll’ldeX (y) = B(Ve— 2) - X /l -°°-ai,-noo.o.a(4)

Alpha index () = 92°VV_+51 X 1—10—0 . (5)
.. . e . 100

ConneCthlty ll’ldeX (C) = %;_ v (V il 1) .1( 1 o--onsoooa-.(6)

where e is the number of edges or links; v is the number of
vertices or nodes and P is the number of subgraphs.

Cyclomatic number is the measure of the number of
circuits in the transportation or the number of 1inks in the
system excess to the number required to tie the vertices
together in a minimal way.

The beta index expresses the number of edges present in
a network in relation to the number of vertices to be

connected. It therefore indicates the number of 1links
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leading in and out of each node. The higher the value of
the beta index the greater the connectivity of the network.
The gamma index is the ratio of the number of edges in
a network to the maximum which may exist between specified
number of vertices. This is more sensitive than the beta
index to indicate network growth or complexity as addition
of single vertex increases the number of positive edges by
three. The numerical values of gamma index range between O
and 1 (or O and 100%).
The alpha index is closely related to the gamma index,
but it is a ratio based on the number of circuits in a
network. A circuit is a path that begins and ends at the same
node but never crosses its own route nor passes along the same
edge twice. Circuits are considered to represent more
complex networks than branches, hence the alpha index is the
most sensitive of the primitive indices to indicate network
growth or complexity (Werner, 1968). The numerical value
range of alpha inaex is between 0 and 1 (or O and 100%).
Connectivity index (C) measures the degree of complete-
ness of the linkages (edges) between various vertices (nodes)
in a network. The connectivity index (C) values range from
0 to 100%. The higher the index value, the more the
linkages between various vertices in the network and the
smaller the index value, the fewer the linkages between various

vertices in the network.



From Fig. 6, the grapnh representation of bus network in
Enugu was abstracted as shown in Figs. 11 and 12 and indices of
connectivity were calculated. To appreciate the graph
representation of the bus network in Fnugu, it is important
to reiterate that all the major centres were first selected
based on the method outlined in section 1.7.1 (i.e.
resicdential, market, employment and educational centres),
and the fact that they were all directly connected by bus
routes by 1995. By direct connection is meant that it is
possible to move from one node to another without passing
through any other sampled nodes. It is important to note that
some maJjor centres which met the criteria for selecting
major centres were not inciuded because they were not
connected by bus routes. Such centres include Idaw River
Layout, Ugwu Ago, Aria Layout, Republic Layout and Ono
Quarters/Abakiliki lane (Fig.1%). These centres are highly
inaccessible to the services of bus mass transit in the city.

Table 10 shows the calculated values of connectivity
of mass transit bié:g network in Enugu. The number of edges
(e) in the network is equal to 39 while the number of

vertices (v) is egual to 31.
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TABLE 103 Indices of connectivity of mass transit bus
network in Enugu.

?ggigegnd Symbols of ! Values of Indices
Cyclomatic Number (ﬁl ) 9

Beta index @Jé? ) : 1.26
Gamma index @ﬁj ) | Lily 8%
Alpha index (&) 15.8%
Connectivity index ( C ) 8. 4%

SOURCE:; Fieldwork, 1995.

We can observe from Table 10 that:

1. the cyclomatic number of the mass transit bus network
is 9 (i.e. nine fundamental circuits linking some major
centres in Enugu) and since this number is considerably
lower than the maximum number of circuits (i.e. 2v - 5)
possible which is 57, it means that the connectivity of

mass transit bus network in Bnugu 1is very low.

2., the beta index is relatively low 1.26 showing that the
number of links leading in and out of major centres in
the city is very small.

3. the gamma index shows that the bus network in Bnugu is
Li 8% connected. This also explains the fact that
connmectivity of mass transit bus network in Enugu is

little below average.
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L, the alpha index shows the bus network circuitry is 15.8%
of the maximum of circuits (i.e. 57) possible in the
network. This also goes to explain the low connectivity
of mass transit bus network in the city.

5. the connectivity index (C) of the bus mass transit
network in Enugu is 8.4%. This index shows that the
connectivity of mass transit bus network in Enugu is very

low.

4,3 The pattern of major centres accessibility to
the bus transit network in hnugu:s

As the indices of connectivity indicate the level of
complexity or connectedness of bus transit network, the
indices of major centres accessibility explain the relative
accessibility of one major centre to all others in the network,
The pattern of bus route linkage between the centres in the
network provides a certain degree of accessibility in respect
of each individual centre and also in respect of the network
as a whole. A high level of accessibility means that it is
possible to travel by bus from centre to centre by shortest
possible bus route.

In order to calculate the indices of nodal (i.e. major
centre) accessibility, the graph is first turned into an nxn
matrix of directly connected nodes (major centre). The

directly connected nodes may be valued or not (Taaffe et al,
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1973). The cell entries may indicate either topologic
distance of road distance, travel-time or cost that is to be
tranversed between a pair of nodes. Unconnected nodes in the
valued graphs are indicated by infinity (£%%), while the
diagonal cell eﬁtries have zero. In the matrix of unvajued
graph representing presence or absence of connection
respectively, this initial connection matrix is called the
C - matrix.

From this C-matrix, a matrix of shortest paths between
each pair of nodes can then be computed. Shimbel (1953)
developed a technigque of computing this shortest path matrix,
using topologic distance. His technique which is briefly
sketched here involves powering the C-matrix to the diameter
of the network. According to the Shimbel method, the
powering process involves a row-by—colﬁmn multiplication of
the C-matrix and after each interation, it is checked to see
whether non-zero elements appear. If so, the power of that
matrix is entered in the appropriate row and column of a
D-matrix. When there are no longer zero elements, the
diameter is reached and the row of final matrix which férms
the shortest path matrix is summed up to give the accessibility
index. This index called Shimbel index can be represented as;

I
Ai —3 %_?.ij L] . - L - . * L ] L] * ¢ - - L] . L (7)
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where Ai is the accessibility index of node (major centre);
n is the number of vertices or nodes in the network; and
dij is the value associated with the shortest path 1 to J.
Since the index records the shortest path, the smaller the
value, the greater the accessibility of that node to the
network. The Shimbel index implies that the shorter the
distance (measured in number of links) between two nodes,
the more accessible that node is.

However, the Shimbel index was not calculated in this
study because distance measured merely in the number of
links irrespective of the length was hardly considered as
realistio; Rather, actual values of road distance and
travel-time were employed to value the graphs. Tables 11
and 12 represent the C-matrices with bus route distance
values and bus travel-time values, respectively,

In powering the valued graph, instead of element-by-element
multiplication of the C-matrix, it is element-by-element

addition of the rows and columns such that:

Tik I3k = Min (Iik + IJK) ceevreicroeeocneacenas (8)
where Iik is the link from origin, to any intermediate
K points; IkJ is the link from destination j to any
intermediate point. The minimum of this element-by-
element addition is recorded in the appropriate row and

column of a new D-matrix. Thus the cell entries of the
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D—métrix record the values of indirect connections befween
origin and destination. The subsequent poweriﬁg of
D-matrices gives 2-step, 3-step, 4-step, etc cohnections
until the diameter of the network'is‘reached; The diameter
is reached when the most distant nqdés are commected.

The row of the final matrix D is summed to obtain an index
of accessibility measuréd in terms of shorfest paths in
(a) kilometres and (b) minﬁtes from one node to all other
nodes in the network. Structﬁrally, the operation is
similar to that of.Shimbel index, but it has the advantage
of being more related to actual distance values'(Taaffe,
1973). The node with the smallest minimum distance is
regarded as the most accessible. By ranking the nodes in
terms of degree of accessibility, a herarchy of accessi-
bility éurfaces can be got.

Using Boolean rules (i.e. X + Y = min (X.Y},
successive powers of the valued matrix U were calculated.
The shortest paths and major centre (ncdal) accessibility
for the whole network of 31 major centres (nodes).were
obtained.

Appendices E and F répresent the shortest path
matrices calculated from the connectivity matrices
(C-matrices) in Tables 11 and 12 based on road distance

'(Fig.11) and travel-time (Fig.12) for the network in
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Enugu respectively. By summing the rows of these shortest
path matrices, we obtained the indices of accessibility.

In table 13, (dérived from Apperdix D2) thé major centres
are ranked according to their levels of accessibility in bus
network. The higher the index, the less accessible the node
and vice versa. _

From Table 13, it is interesting to observe that in
terms of overall bus route distance, the most accessible
major centres in the bus network in Enugu are Government
Secretariat (A1 = 209.1), 01ld Park (Ai = 211.5), IMT/Polo
Park (Ai = 217.4) and Ogul Junction (Ai = 220.1), while the
least accessible are Obinagu (Al = 430.5), Emehe (Al = 453.9),
Amechi (A1 = 430.5) and Gariki (Ai = 401.5). Surprisingly,
Obiagu, located in the urban area of Enugu scored Ai = 303.8,
thereby taking the 18th position in the rank order.

Fig.13 shows lines of equal accessibility to the bus
services based on bus route distance. From the map, it is
observed that the 250 line encloses an area with the highest
level of accessibility to the bus services in the city
comprising Asata, 014 Part (Ogbete), Relief Market,
Government Secretariat, IMT/Polo Park, Uwani, Railway
Quarters/Artisan Market, Camp Colliery and Ogui Junctior.
These are .areas in fnugu that could be easily reached by

bus from any part of the city.
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TABLE 13: Rank order of major centre (nodal) accessibility
using road distance of bus network in Enugu

—

: i Accessi-
i Node Node Title bility Rank
Number (i.e. Name of Major Centre) | index Order
(in Km)
13 Government Secretariat 209.1 1
18 Old‘Park (Ogbete) 211.5 2
10 | mT/Polo Park 217 .4 3
9 Ogui Junction 220.1 4
17 Aszta 226.2 5
22 Uwani 233.5 6
16 ﬁz;ﬁgiy Cuarters/Artisan 2342 7
14 Relief Market 236,1 8
25 Camp Colliery 249.5 9
23 Kenyatta _ 252.6 10
2 Abakpa Junction . 259.5 11
19 Onu Asata 260.3 12
8 New Haven 265.5 13
11 Trans Ekulu 270.4 14
21 Independence Layocut : 2734 15
24 Achara Layout 299.3% 16
7 City Layout 302.5 17
20 Oblagu 303.8 18
12 RCC Camp/Ugbo-0dogwu 307.1 19
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15 ~ .Iva Valley | 308.6 20
21 New Layout C 31849 21
22 ibakpa Nike | 321.5 22
29 Mary Lend s |23
30 Thinkefs Corner 335.5 24
27 .Amechi Junction 3h2.5 25
6 Mkpélogwu/E.I.L.E. 352.5 26
31 UgwuaJi 399 27
28 Gariki (Awkunanaw) L01.5 28
30 Amechi ' 430.5 29
4 Emene 45%.9 30
5 Obinagu L75.5 31

SOURCE: Fieldwork, 1995.

Immediately after the central area of the city, there
is a group of moderately accessible centres consisting of
Onu Asata, New Haven, Abakpa Junction, Trans Ekulu, Onoh
Quarters/Abakiliki lane, Aria Layout, Kenyatta, Achara layout
and Idaw River Layout. There are however, areas such as Onoh
Quarters/Abakiliki lane, Idaw River Layout and Aria Layout
which are in this group that are not connected by bus transit
routes. These could be considered as potential centres of
moderate accessibility to the bus transit services in the:

city if they are linked by bus routes.
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From the 300-line, accessibility to the bus transit
services in Enugu decreases rapidly outwards indicating that
centres in these areas are relatively less accessible to the
bus transit services. They constitute the peripheral
centres of the city. It is important to point out that among
the peripheral centres, some of them are not linked by bus
transit routes, thereby making them highly inaccessible to the
bus transit services in the city. Such centres include
Republic Layout, Ugwu Ago and Ugwu Eke, Obeagu and Akwuke.

Attempt was made to determine tile accessibility indices
of the major centres using bus travel-time between the
centres. This is to find out variations if any between the
major centres of accessibility to the bus network based on
bus route distance and that based on bus travel-time and
suggest reasons for such variations. Appendix F represents
the associated shortest path matrix based on bus travel=-time,
By summing the rows of these shortest path matrix, we
ocbtained the vector of accessibility indices. In Table 14
(derived from Appendix F) the major centres are ranked
according to their levels of accessibility in the massv#ransit
bus " network in Enugu. From Table 14, it is observed that
Government Secretariat (Ai = 591); 01d Park (Ai = 616.5);
IMT/Polo Park (Ai = 638) and Asata (Ai = 640 are the most

accessible major centres to the mass transit bus network
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TABLE 14: Rank order of major centre (nodal) accessibility
based on bus travels time along the bus network

in knugu
P .
Node Node Title hocessi=l Rank
Number (i.e. Name of Major Centre) indei | Order
. (in Km)
13 Governmént Secretariat 591
18 0ld Park (Ogbete) 616.5 2
10 IMT/Polo Park 638 3
17 Asata | 640 4
9 Ogui Junction 679.5 5
16 Railway Quarters/Artisan Market! 690.5 6
14 Relief Market 708 7
19 Onu Asata 717 8
25 Camp Colliery 724 9
22 Uwani | 742 10
2 Abakpa Junction 747 11
12 Raé.C. Camp/Ugbo Odogwu 757 12
8 New Haveﬁ | 768 13
11 Trans tkulu 769 14
23 Kenyatta 792 15
24 Achara Layout 801 16
7 City Layout 813 17
20 Obiagu 833 18
1 Abakpa Nike 852 19
3 Thinkers Corner 874 i 20
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26 Independence Layout b 90 21
6 Mkpgipgyu/E.I;L.El ﬂufif‘940.5 22
27 AmeChi'qunction _: 1026 23
21 New«L§Y§ut  iq”1092.5 24
15 Ive Valley : 1 1135 | 25
5 | Obinagu © 1191.5 26
4 Emene | 1217.5 27
28 Gariki (Awkunanaw ) 1286 28
29 Maryland 1323.5 29
31 Ugwuaji 1687 30
30 Amechi 1750 31

SOURCE: Fieldwork, 1995,

in Enugu based on bus travel-time. On the other hand, the
least accéssible centres to the mass transit dUS services in
the city based on bus travel-time include Amechi (A1 = 1750),
Ugwuaji (Ai = 1687), Maryland (Ai = 1323.5) and Gariki
(A1 = 1286).

Fig. 14 shows lines of equal accessibility to the mass
transit bus services in Enugu based on bus travel-time,
From the map, it is observed that 700-line encloses the
most accessible centres in the city. They are the centres
that can be easily reached by wmass transit. bus in the

shortest possible time from any part of Enugu. Between 700 -
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line and 800 - liﬁe is the area where moderately accessible
centres are located. The centres located within this range

are reached by wass #transit bus from any part of Enugu in a
relatively shortest possible time, From 800-1line of equal
accessibility, the accessibility of centres to the mass.tfansit
bus- services starts to decreage towards the city
peripheries in terms of bus travel time. This means that
centres located above 800-l1line of equal accessibility entail
spending more time to reach them by mass transit bus from

any part of the city and this situation increases as one

moves towards the peripheries,

4,4 Comparison between the pattern of accessibility of
major centres to the mass translit bus network based
on bus route distance and bus tTravel-time

From Tables 11 and 12 and Figures 13 and t4,.iw-is
observed that accessibility of major centres to the mass transit
bus network based on both bus route distance and bus
travel-time show progressive decrease in accessibility of the
centres from inner city areas towards the city peripheries.
It is also observed that some major centres that are higher
in accessibility rank order and in equal accessibility lines
based on bus route distance are lower in accessibility rank
order and in egual accessibility lines based on bus travel-

time. Such major centres include QOgul Junction, Uwani,
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Kenyatta, Independence Layout, Mary-land, Ugwuaji and

Amechi. The drop in accessibility rank order and in equal
accegssibility lines based on bus travel-time by these centres
could be due to bad roads (Plate 6) and traffic congestion
for those centres within the inner city areas and bad roads
only for those cgntres within the peripheries of the study
area. Another reason responsible for such drop, could be the
fact that buses plying the routes linking such centres are

of high capacities. This is because big buses take long time
to load and off-load their passengers and this affects the
travel~time of bus.

Other centres comprising Obinagu, Emene, Asata, R.C.C.
Camp/Ugbo~-0dogwu, Camp Colliery, Onu Asata, Railway Quarter/
Artisan Market, and Abakpa Nike are better accessible to the
mass transit bus network based on the bus travel-time than
that based on bus route distance. This could be for two
factors. One of the reason could be the fact that.ﬁhe centres
are linked by relatively good roads. The other reason could
be the fact that most of the centres are served by minibusés
having low capacities which take short time to load and off-
load their passengers. The remaining major centres that are
not ih.the two groups mentioned above, maintained the same
accessibility levels when measured by bus route distance

and by travel-time.
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PLATE 6: Bus running en’ one of the bad roads
in the city of Lnuqu.



4.5 Relationships between Bus route distance accessibility
and some bus services indicators (indices)

In deternmining relationships between bus route distance
accessibility and some bus service indicators (indices), an
analysis of correlation between the variable was carried out.
Correlation as we discussed earlier in section 3.c measures
the degree of association or strength of relationship
between the variables. The variables considered in this
section include bus route distance accessibility index
(as independent variable), passenger waiting time and bus
service frequency indices (as dependent variables).

Appendix G-1 shows the calculation of the correlation
between bus route distance accessibility and passenger
waiting time indices. The correlation coefficient (r) is
given as r = 0.587 which shows it is a positive linear
relationship between the two variables anad 5% probability
level is significant (see Appendix G-2). The positive
correlation means that the greater the accessibility index
value (hence the less accessible the centre is), the higher
the level of passenger waiting time for the arrival of mass
transit buses. This is in line with the observation in the
study area.

To determine the level of explanation provided by
accessibility, we computed the coefficient of determination

which gave us about 0.34 or 34% implying that the bus route
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distance accessibility factor alone explains about 34% of the
variation in the passenger waiting time for mass transit
buses in the whole of the study area while the remaining 66%
cannot be determined by variation in route distance accessi-
bility and so is due to other factors. This reminds us that
earlier in section 3.5, it was verified that bus service
frequency factor explained 42¢% variation in the passenger
waiting time for buses throughout the study area. Thus, the
factors of bus route distance accessibility and bus service
frequency are significant contributors to the wvariation in
passenger wéiting time for the arrival of mass transit buses
in EFnugu.

Appendix H-1 shows the caliculation of the correlation
between bus route distance accessibility and service freguency
indices. The correlation coefficient (r) is given as r =
-0.468 which shows 1t 1s negative and at 5% probability
level is significant (see Appendix H-2). The negative
correlation means that the greater the accessibility index
value (hence the less accessible the centre is) the lower the
level of bus service frequency. The calculated coefficient
of determination of the relationship is given as 0.22 which
indicates that bus route distance accessibility explains
about 22% of the variation in the bus service frequency in

the study area, while the remaining 88% cannot be explained
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by variation in route distance accessibility and so is due
to other factors such as population distribution and

economic activities.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary of findings

In this research, we have tried to describe the accessi-
bility pattern of major centres to mass transit bus network
in BEnugu and the relationships with the level-of-service of
mass transit bus in Enugu.

By application of the principle of graph theory, it was
possible to reduce thie complex nature of network into a form
that enabled us to examine its complexity and accessibility
to the major-centres in Enugu. Based or the network, we
observed that the connectivity of mass transit bus network
in Enugu is relatively low as indicated by the primitive indices
of connectivity such as the cyclomatic number, gamma, alpha,
beta and connectivity indices.

Using the valued graph approach, we calculated the
indices of accessibility based on bus route distance in
kilometres and bus travel-time in minutes. These indices
which are node speéific were based on summing the shortest
path distance and shortest bus travel-time from one node
(major centre) to all other nodes (major centres) of the
network and by ranking them, a hierarchy of noaes of decreasing
relative accessibility was established. We noticed three
groups of major centres based on their level of accessibility
to the transit bus network. The first group comprises the

most accessible major centres found around Old Park (Ogbete),
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Government Secretariat, IMT/Polo Park, Ogui Junction, Asata
and Uwani sreas. 8econdly are the centres that are moderately
accessible found around fbakpa Junction, Trans Ekulu, Onu
Lsata, Achara Layout, Kenyatta and New Haven areas, while
the third group comprises the less accessible centres

found around Abakpa Nike, R.C.C. Camp/Ugbo-Odogwu, Obiagu,
Gariki Awkunanaw, Mary Land and Emene axis. The less
accesgssible major centres are mostly found within the peri-
pheries of the study area, except Oblagu which is found

in the inner part of the city. We also observed some
centres scattered in the study area that are inaccessible
to the mass transit bus services. This is because they
are not linked by mass transit bus routes. Such centres
include Aria, Republic, Idaw Rivers, Ugwu Age, Ugwu Eke
Layouts and Ono Quarters/Abakiliki lane.

We also observed that some major areas were less
accessible to the mass transit bus services when bus
travel-time was used to calculate the accessibility
indices than when bus route distance was used. Centres in
this group include Ogui Junction, Uwani, Kenyatta, Iva
Valley, Independence Layout, New Layout, Mary Land,

Ugwuaji and Amechi, This variation is because of bad roads
linking the major centres and traffic congestions prevalent

in such centres.
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In establishing relationships between the accessibility
indices and the bus service indices of passenger waiting
time and bus service frequency, we found a stréng rélatidnship
between accessibility indices and passenger waiting time
indices and weak.relationship was observed between accessi-
bility indices and bus service frequency indices. We also
noticed that some major centres, even though they are less
accessible to the mass transit bus network, experienced high
bus service frequency. This is because of high demand for
bus servicesin such area as they are aumong the major
residential areas in Enugu. Prominent among such éentres are
Abakpa Nike, Gariki (Awkurnanaw) and Emene.

We made attempt to trace the development of mass transit
bus services from 1960 to date and identified only 19
functional intra-urban bus routeswith the total length of
218.7 kilometres serving about 182 square kilcmetres of an
area inhabited by more than 465,072 people. We also
identified the location and spacing of bus stops in Enugu
and noticed that bus stops have little to offer in terms of
facilities such as bus stop sheds and mechanics for servicing
the vehicles at the bus stops. The existing bus stop sheds
are dilapidated and most of the bus stops are water logged
during the rainy season. We alsb observed the variations

of the bus stop spacings from one centre to another. The
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average bus stop spacing varied from less than 200 metres in
the central area to more than 400 metres in thé peripheries

of the study area. The average bus stop spacing for the

study area as a whole, was found to be 335.9 metres.

Further attempt was made to find out the level-of-

service (L.0.S.) of mass transit bus . in-.the 31

sampled maJjor centres by considering three components of
level-of-service (L.0.S) - Dbus service frequency, passenger
waiting time and walking distance or time. It was found that
these components varied from one centre to another, indicating
variations in the level of services of mass transit bus in
different parts of Enugu. We also cbserved a central area
where potential bus users enjoy the shortest waiting time for
bus, shortest walking distance to the nearest bus stops and
highest bus service frequency, indicating an area witﬁfﬁighest
qualityzgus services in the study area. Major centres found
within the central area include 01d Park (Ogbete), Government
Secretariat, Ogul Junction and Abakpa Junction. The central
area was found to be characterized by the greatest concen-
tration of business offices, Governmental and Judicial offices
and major markets. Moving away from the core area toward the
peripheries of the city, the quality of bus services was
observed to be decreasing progressively.

In comparison between passenger waiting time indices and

bus service frequency indices, a strong relationship between
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them was found, showing that areas with high bus service
frequency enjoy short passenger waiting time for the arrival
of buses and vice versa,

Attempt was made to find out the bus fare charged. It
was discovered that a flat fare of #5.00 per trip was approved
by the State Government in 1994. Only the operators of big
buses charged the approved bus fare of #5.00 per trip, while
the minibus operators were not complying with the Government
approved bus fare. The non-conformity of minibus opérators
to charge ¥5.00 per trip, was found to be reducing the
personal accessibility of bus users to the services of mass
transit buses in Enugu especially, in the city peripheries.

We went further to find out the providers of mass transit
bus services in Enugu and noticed that bus services are
provided mainly by individual entrepreneurs and partly by
few government agencies and firms. They operate. few buses
ranging from one to ten in number. It was cobserved that the
capacities of urban bugses gre - in three categories - minibuses
(14 - 18 passengers), medium buses (36 - 45 passengers) and
big buses (80 - 120 passengers). Standing/éitting ratios of
3:1 are not uncommon during the peak periods when the
passengers - can squeeze in and hang onto them.

On the basis cf these findings, some recommendations
towards mass transit bus network improvement and bus service

improvement as a whole, are made in the next section.
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5.2 Impiications of observations and Suggestions for
Planning:

The first set of observations of low connectivity of
mass transit bus network, inaccessibility and less accessibility
of some major centres to the network imply that some areas are
completely deprived of the services of mass transit bus, while
scme areas are not adequately covered by bus routes especially
in the peripherial areas of Pnugu. A number of strategies
are needed to remedy the situation. We suggest that efforts
should be geared up by both the State and Local Government
Authorities, when funds are available, in the construction
of link roads in some areas especially in those newly planfed
developing and undeveloped layouts in the city peripheries
(Fig. 15). This will facilitate the routing of mass transit
buses tc such areas now and in.future so as to enhance the
accessibility of the areas to the mass transit bus network in
the city. We also recommend that the State Government in
conjunction with the Local Government Authorities should set
up a body in the Transport Division of Enugu Town Planning
Authority to be in-charge of routing of buses, implementation
and control.

Further implications of our observations which concern
the variations in passénger waiting time, walking distance/
or time, bus service frequency in the study area are.that

potential bus users in some centres mostly in the peripheries



R A

=115

o S

: / tvo-Valley

\.

Retief Mkt

o Y SR PNy,

Aria Layout

Akwotao

L

Camp
Colleiry

N\,

Ll

Otd Pork

—— —

Idaw River

Achgra L/out.

—_— . T———.
KE RESORT 11 NE — \.

New Layout

nyatta

Amechi Junction

N. Vel NIKE LA . —
/S UGWU EKE 7 P ~Tm TN _\_,____.-\\
. B Emene T~
J/ Ugbo — UGWU AGO .
/- Odogwu ABAKPA y
/ FEDERAL : \
/ .
/ . Ranco 7]
/ R.C.C. \ Mk pologwu e.lLLE / I |

New Haven

Mary Land

Amechi
Gariki
{Awkunanaw)
P T —
- \.\/

‘ B / /
\ S

Republic

. H b
Layout - \ \
]
P p——
L ) .__,,,_"‘ ..Z /

/’ , /\.,./
VA
/.. . -/
/' . LEGEND
4 1. SUGGESTED ENUGU PLANNING

AUTHORITY BOUNDARY. .= *=
2. EXISTING BUS ROUTE.. ~—-"

/ 3. SUGGESTED NEWBUS. . .~ .-
/ CLINKAGES . - . .
' 4. NEW LINK ROAD TO BE-
' CONSTRUCTED ..
/ '® NEW MARKET TO BE
g " BSTABUISHED .. ...

b 6

. NEW MOTOR PARK TO BE
ESTABLISHED .. . . O

P

4 Fig. 1% : SUGGESTED BUS SERVICES IMPROVEMENT PROJECTS (FIELDWORK) 1995




- 116 -

spend lbng time before getting buses to travel, walking for
long distances before getting to the bus stops nearest to |
them to catch buses for their journeys and the numbef of
transit buses serving the centres are grossly inadequate.
Ali these variations greatly limit persénal aoceséibility to
the services of mass fransit buses in such centres.

Strategies to correct these imbalances should involve
extension of mass transit bus routes to 1link fhose maJjor
centres that were not iinked before by bus routes,.for
instance, Idaw Rivers, Ugwu Eke and Ugwu Ago (Fig. 15) and to
those major centres that recorded high mean passenger walking
distances, for example, Gariki ;, Awkunanaw (661 metres),
Obiagu (669.75 metres and Ugwuaji (600.4 metres) as can be
seen from Table 8. To make the new extension of bus route
" linkages functional, we suggest eleven new bus routes
involving both the new and the old bus route linkages as
displayed in Table 15. We also suggest that thé cost-benefit
analysis_of the new suggested bus routes should_be carried out
to determine their desirability.' These suggestions, if
implemented, will greatly help to spread the services of bus
in the study area and avail the majority of its inhabitants,'-
the opportunity to use buses for intra-urban movements.

‘We further suggest that the mass transit bus companies
- owed by the State and Local Government Authorities operating

intra-urban transport services, should be privatized to make
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TABLE 15: New suggested mass transit bus routes in Enugu

Route!

No. Route Description

1 Abakpa - Nike Lake Hotel - Federal Housing -
Trans-Ekulu - Polo Park - Parklane Avenue - Works
Road -« Relief Market,

2 Abakpa - Abakpa Junction - Ogui Junction - I.M.T./
Polo Park -« Abakiliki Lane - Works Road - Relief
Market.

3. Nike Road - Obinagu Koad - Ugwu Ago - Abakpa
Market - Abakpa Junction - QOgui Junction - IMT/
Polo Park - Garden Avenue - OKkpara Avenue - 01ld
Park.

4 Obiagu - UNEC Gate - Annang Street - Presidential
Road -~ O'Conor Street - Ogui Road - Main Market =
0ld Park - Relief Market.

5 Abakpa -~ Abakpa Junction - Ogui Junction - Ogui
Road = O'Conor Street - Presidential Road - Annang
Street - UNEC Gate - Obiagu.

6 Gariki - Agbani Road - Idaw Rivers Layout -
1 Ozalla Street - Coal Camp - Akwata - UNTH -
Aria Road - Relief Market.

04 Independence Layout - UNEC Gate - Obiagu -
Edimburgh Road - Zik Avenue - Amigbo Lane -
Akwata = UNTh Aria Road - Relief Market.
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8 Nwafor Market - Ebonyi Paint Road - Amechi Espress
Junction - Ugwuaji Express Junction - Port Harcourt

Express - ANAMCO - Oye Emene Market.

9 Zik Avenue - Edinburg Road - Obiagu - Onu Asata -
Presidential Road - Ckpara Square - WAEC - Ezilo
Avenue - Port Harcourt Express - ANAMCO - Oye
Emene Market.

10 Nwafor Market - Ebonyi Paint Road - Amechi -
Ugwuagi

11 Relief Market - Secretariat -~ Main Market - Zik
Avenue - Amigbo Lane - fikwata - Aria Road - Relief
Market.

SOURCE: Fieldwork, 1995

them more functional. The government authorities should
assist the companies by giving them loans to help them
maintain old buses and procure new ones. This will help to
reduce the inadequacy of buses in certain parts of Enugu
especially during the peak periods.

Both the State and the Local Government Agencies
responsible for the maintenance of link roads in the study
area, should be properly funded to enable them maintain
damaged roads so as to encourage bus operators tc ply such
roads and make their services available to the inhabitants of
the areas linked by the rcads. The maintenance of urban

roads will also reduce bus travel-time in Enugu and make bus

services very fast.
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The implications of the existence of a central area with
the highest level of bus services and high concentration of
commercial and social activitiés, are that the central area
is being over-loaded with business and social activities and
bus services at the deteriment of the other parts of the city.
Traffic congestions are also prevalent in the area especially
during the peak periods. To solve these problems, we suggest
the decongestion of business and sccial activities in the
central area by locating new markets and motor parks in the
other parts of the city (Fig. 15), mapping out new layouts at
the peripheries for residential, governmental and recreational
purposes. These strategies will help in no small measure to
open up new areas Of economic and social activities and to
spread the bus services in the city and reduce the vclume of
traffic and traffic congestions in the central area.

Other implications of the cobservations of variations of
bus stop spacings and low mass transit bus capacities are
that the personal access to the bus services by bus users,
is limited by low bus capacities being used and some bus users
walk for long distances before getting to the nearest bus
stops to them to catch buses f%r their travels. The poor bus
stop facilities also implies that bus users suffer from
beating of rain and scorching of sun while waiting for buses

at bus stops. These problems can be solved by providing bus
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stop sheds at different bus stops; adequate location of

more bus stops should be created to reduce the distance
walked by the bus commuters. Also, operators of low capacity
buses should be encouraged by the government to form combines
and give them soft loans to assist them procure big buses of
high capacities making it possible for more persons toc be
moved at a time by buses from one major centre to another.
Provision of high capacity buses will increase bus users'
access to the bus services especially during the peak
periods.

The implications of observation of arbitrary charging
of bug fare per trip by minibus operators are that perscnal
access df captive bus riders is reduced and they are forced
to trek long distances wnen they cannot pay high bus fare.
To solve the problems, we suggest that State and Local
Government authorities in conjuction with National Union of
Road Transport Workers (NURTW) should ccnstitute a body or
agency charged with the work of fixing and enforcing of
bus fare in the city of Enugu.

The suggestions we have made above to improve the
accessibility of major centres and the personal accessi-
bility of bus users to mass transit bus services in Enﬁgu,
based on the analysis of this work, are in line with some

of the suggestions put forward by the bus users during
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the field work (&ppendix A) as shown in Table 16. This
also shows that the inhabitants of Enugu do perceive the
problem of inadequacy of mass transit bus service and
crave for solutions.

From Table 16, the provision of more buses by government
mass transit bus companies has the highest value with 281,
followed by maintenance of roads with the value of 251 and
provision of bus spare parts has the least value of 49.
This pattern of suggestions by the bus users has explicitly
shown the need and the urgency required of the government
to participate effectively in the provision of mass transit

bus services in tie study area.

5.3 Limitations of the study and suggestions for
Turther work:

This research was limited by a number of constraints.
Cne of such constraints is in the area of data collection
and construction of indices of components of the level of
service of mass transit bus. }For want of sufficient data
and time limitations, we deliberately considered only a
selected components of level-of-service of mass tramnsit bus
and for easy computation, we simply added the collected data
of each of the chosen compconents and divided by the number
of occurrences of such data to find the average. It would

have been much more realistic to consider many more
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TABLE 163 Frequency of suggestions by bus users on the best
ways to solve the problem of inadequacy of mass
transit bus~ services in Enugu.

(¥*See KEY for interpretation of the variables)

gﬁgger ggdgagéglgeé§?2§ S¢ | S 83 Sy 1 55
1. Abakpa Nike 9 [10 | 3 6 1
2. Abakpa Junction 8 9 5 8 -
3. | Thinkers Corner 10 | 11 3 5 2
b, Emene 13 | 14 3. 110 L
5. Obinagu . 19 6 1 9 -
6. Mkpologwu/E.I.L.E. 1 3 4 -
T City Layout 2 9 - 4 -
8. New Haven - 4 2 - 2
9. Ogui Junction B VA VA 6 3

10. I.M.T./Polc Park 3 2 | 4 4 -

11. Trans-Ekulu 15 | 10 6 9 1

12. R.C.C. Camp/Ugbo=-0Odogwu{ 17 | 11 2 8 1

13. Government Secretariat 4 6 1 5 1

14, Relief Market 6 | 12 9 15 -

15. Iva Valley 20 | 14 - 8 2

o mene e e s |

17. Asate 2| 81 6 5 5

18. 01d Park (Ogbete) 10 | 10 4 ] 6




. |
19. Onu Asata ; 8 9 b4 7 2
20. Obiagu 9 11 {4 8 1
21. | New Layout n | 47 21 6 |4
22, Uwani 12 14 1 4 -
23. Kenyatta 10 8 2 8 1
24, Achara Layout 2 | M 4 S -
25. Camp Colliery 1 4 - I -
26, Independence Layout| 5 8 2 4 4
27. Amechi Junction 2 3 - 5 -
28. Gariki (Awkunanaw) 4 5 4 6 7
29. Mary Land 19 9 - L -
30. Amechi 13 | 14 2 4L -
31. % Ugwuaji 161 11 - I -

1

§ 3 Total 251 | 281 86 {198 | 49

i " ;

SOURCE: Fieldwork, 1995

*Key for the interpretation of variables:
Sq4 = Maintenance of urban roads.
S, = Provision of more buses by government
pass transit bus companies.
S3 = Fixing and enforcing of urban bus fare
by government.
Sy = Extension of bus routes.
'S5 = Maintenance and provision of bus spare

parts.
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components of the level of service of mass transit bus and
use othér methods of measuring the components.

Another area of limitation is in the model used in the
research. The graph theoretic approach like other theories
or models is limited. It is nct only limited in its level
of network abstraction but in the way a centre is defined.

A node or centre in graph theory is defined as a point along
a network which implies that the centres are homogeneous
entities linked by transport network in spite cf the fact
that they are hardly homogeneous.

The collection of population data limited to some extent
the analysis of this research. Our efforts to collect 1991
detailed population figures of the study area needed for the
analysis in this research proved abortive as the government
had not ordered the National Population Commission (NPC) to
officially release such data by the time the data for this
research were collected between 1994 and 1995. Even the
1963 census figures collected were not comprehensive and for
that reason, pcpulation data were dropped in the analysis.
It would have been better if the pattern of population
distribution was related to the pattern of‘mass transit bus
network accessibility to the major centres.

Finally, we reiterated the need for mass transit services
especially by bus to be accessible to a greater majority of

persons living in any urban environment in Nigeria especially



now that it is not easy to come-by any type of vehicle to

bé used as private car in the Third World countries.

However, for a more and staple data on how mass transit

services by bus ‘can be accessible to a greater number of

persons of different groups living in the study area and other

urban'areas of developing countries, it is necessary to

collect data over a period of time and include different modes.

At this juncture, we recommend other areas of research into

the urban mass transit problems in Enugu and other cities in

Nigeria and elsewhere. The areas include:-

(a) The accessibility of public transport to the transport
poor (the elderly and deformed persons).

(b) The pattern of travel demands and the relationship with
the pattern of popﬁlatiéh distribution.

(c) Provision of urban mass transit facilities; and

(d) Financing and managing of maéé transportation in

urban area.

A knowledge of the above listed problem areas in the field

of urban transportation will greatly help the transport
planners to provide a better mass transit system that will be
accessible to different groups of a greater majority of
persons living in the study area and other urban areas in

Nigeria in future.
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APPENDIZ.

QUESTIONNAIRE FOR BUS USERS

Name-Of Bus Stop: ‘.ii.i'qI0:0a.c.o.w.-‘-.cooo..a.e.‘o.'.‘a

Name of Major Centre of Bus Stop Location seeecececscscns

Sex: (a) Male (b) Female
Age: (a) Under 12 years (b) 13 - 24 years
{(c) 25 = 59 years - (d) 60 years and above.

Occupatien Status: (a) Farmer (b). “ivil servant
(c) Trader (d) Student (e) Others (specify)

© 9 9 9 5C® S EOEO0ODD SO R CE O SLEOSE NPT SOBAVYeeEseesPOSseSssSsAELSE

How long do you usually wait in this bus stop before
getting a bus to move yoeu?

(a) O - 4 minutes (b) 5 - 10 minutes (c) 11 - 20 min.
(d) 21 -~ 30 minutes (e) More than 30 minutes

Is this waiting time? (a) short enough, (b) 1long
(¢) too léng. '

How far do youawalk'fféﬁ”ybdf home/office (origin/
destination) to this bus stop?

(a) O - 300-metres - (b) -301-~ 600 metres

(c); 601_-.900 metres (d). 900 . - 1000 .metres, and. above. .

How long does it take.you to walk. to this bus. stop?

(a) Less than 5 minutes (b) 5 - 10 minutes

(c) 11 -20 (d) 21 - 30 minutes (e) More than 30 mins.
Howimaﬁy;timésldo you usually travel by busiin a week?

(a) 1 -2 times (b) 3 - & times (c) 5 - 7 times.

YOuf tfip purpoéé most of the time ﬁsing bus is; v

(a) werk  (b) Shepping _(c) Religious (4) Educational
(e) Recreational ~ {f) Others (SpeCify) veerssecesossoas
Do you usually get Enugu State Transport Company (ENTRACO)
bus in this bus stop to move you? (a) Yes .  (b) Ne.



13.

14,
15.
16

17.

18.

19.

-

If yves, now long do you normally wait in this bus stop
hefore getting EATRACO bus to move you?

(a) 1less than 10 minutes (b) 11 - 20 minutes
{c) 21 - 30 minutes (d) More than 30 minutes.

How much do you pay as fare per trip using ENTRACO bus?
{(a) 1less than i5.00 (b) i5.00 (c) HWore than {5.u0.

How much do you pay as fare per trip using other buses?
(a) 5.00 (b) ©10.00 (c) More than #10.00.

Do you have private car?
{a) Yes (b) o.
When the services of buses are not readily available,

what is your alternative mode usually used for your
Trips?

(a) bicycle (b) motorcycle (c) taxi
(d) private car.

What do you see as the major problems facing the bus
transport service in Enugu?

(a/ ® vae e e s ee .10‘D'!..6‘0.....'U...’Il‘.‘.‘.p.".'.“‘..I..
(b) ® 08 8 005 PI NS PDOTP TP EPCNDT BT PSELSSICLOIwerREOCOTDIORS
(c) © 5 8 6689660488 C 0L LN 0 98T ECSOAELORREEReLOseetoBeqse

What are your suggestions for solving é&ch problems?

{(2) +ecevevnecacio

ao"..Q.c'-:suo-l..co.g.tli-....‘...‘lo’
(b) ocolQonoatonoontdnu.’“..cal.»4"_p:'__.—c'.oog...o.-..o'-

(C) I..0....0....8’0.......B.lc‘...‘é“.:ﬂgll"..Q,GQ.I..IO..
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APPENDIY B

BUS SERVICE FREGUENCY

PROFORMA

as s sacePrLberae

.3. Number of Buses Arriving:

Name of Major Centre of Bus Step Location:

2 e c® 302 peesavsDPS

I\Iame Of BU.S Stop: CQDD.Q..‘.'C..‘;;.‘.."O’.lll.'..‘...‘..

e e0 8 2o

PERIOD

1

(a) BIG BUS

(b) MINI BUS

, FQEL

-
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12,91 - 1
1.01 ~ 2
2.01 - 3
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APPENDIX C

BUS CPCRATORS' QUESTIONNAIRE

Type of Operator:
(a) Government agencys (b) Corporate body
(¢c) Individual.

Name Of Operator: c.scesescssccssssnssceccnnvo teesoenna -
Number of buses in circulation ceessecsesssescencaneanns

Yypes of buses:

( Type of Bus L Number

Big bus
Medium bus
Minibus { ' !

Capacities of buses:

Bus Type ZNumber'Sf%ting gNumber Standing Tetal

Big .bLIS R A A i

¢
H
i
Medium bus { P i

Y
S oo
-

(Minibus - . 1 !
! — i i
‘Route(s) plied in Enugu
(8) eoeQl\:o--,elngn.f...enb.-ll.o.c...o_,. ----- ses 000
(b) ’ .-.‘o.r--f‘.a.-..--.voo.eo'_cglp'--.ow-.An_o"oo-’.o’.ﬁq".o‘-’o’-‘oo‘ao-
S R R R R N R I R N I sacceseseenssnas
(C)"'-&o'é;.'.o'c-}-.oo;bo-;‘soo'o-;.--;..oo.-otboonoc-o-o-.

@ 2 6 8 % 0 0O 8 ®. 8.0 00 8 6.0.50.0.9 00 0% 36000 8-000 0GR 0OEILITIEEIEDPEE

Bus fare charged pPer triP ceeceecsscccoecccccnsseonosecas
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8. Is the bus fare fixed by:

{(2) The operators themselves;

{(b) Lecal Government;

(¢) State government:

(d) HNationsl Union of Read Transport Uniom . (NURTU).

9. What are the major problems facing bus operators in
the city of knugu?

Y
(a) DM EC P& O DO DO TR O BO0 GO RSSO O TP LOD 6O SLS L0 NE 0V SN

(b) 0 e s s oeedd s 20632 C0MGRILIG6COEIRTPOETOBEIOIEE OSSN

o
)
.
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o
o
-
.
()
a
£
[
®
3
°
.
*
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»
L2
®
®
.
L]
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]
°
.
]
L)
.
®
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o
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o
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e

N
(a) ® POV BT EODO LD HO DO IAFIODS OB S SPO0 8 PDp e QoS BEDS D eSO

(b} $ ® U H N0 OB TGN REEDL OISO DNO00 9P ESFTROON 0P EBOEOREEE S EO
L EC G F O A ED SO IT R EOSOED eSO ) SR EE A OO OO OB IS *
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ON BETWEEN MEAN BUS SERVICE FREQUENCY

APPENDIX D = 1: CORRELATY
(X)_A'D MUAN PASSENGER VALTING Tibie (1)
| TMEAN  [MEAN j
NODE | ODE TITLE (WAMS P BUS PASS~ ;
o A TR (T ’SER\LCL‘EEGER %
l' KO C}.‘ MAJOR CLJ;\.&R}J) 1 FREQU- !WATLTING i
| ENCY TIME P -
i (X} ) & Xy oxe. y®
1. |ABAKPA NIKE 113 1%.53 1754,80!0 12769 241.1809
2. [ABAKPA JUHCTION 114 10.85 {1236.90] 12996} 147.7225
{ 3. | THINKER CORNER 82 2744 11758.08] 6724 | 4596735
4. i EMENE 87 15.49 (1434.63] 7569 © 271.,9201
! 5. | OBINAGU 25 £9.12 4 728 625 | 847,974k
6. KPOLGGWU/E.I.L.B 24 26,63 | 2. 576 1 709.1569
7. 1CITY LAYOUT ; 92 9 N 911 7218464 1 "R2,208"
8. |NEW HAVEN ’ 78 2760 ! 826.80! 6084 | 1. 2. 36
9. |OGUI JUNCTION 128 1@ 69 1%68,321 16384} 114.2751
10. | IMT/POLO PARK 107 1 12,30 [1316.10{ 11449 151.29
11. | TRANS EKULU 69 20.74 {1431.061 4761 | 430.1476
42. {R.C.C. CAMP/UGRO-CDOGWU 53 25.15 11351.50{ 2809 ! 650.25
13. | GOVERNMENT SECRETARIAT | 103 10.15 11045 . 451 10609! 103.0225
{14, | RELIEF MARKET 149 12.53 11866, 97 22201 157.0009
,12. IVA VALLEY ; i1 21.28 234,08 | 121{452.8384
116. | RATLWAY QUARTERS : - z
| LRTTISAN MARKET : 75 12.871965.25 | 5625} 165.6369
17. | ASATA ! 99 12.06 11193.941 98011 145.,4436
18. | OLD PARK (OGBETE) P24 9.8412371.44158081 96.8256
19, | ONU ASATA ; 55 1 15.67 861. 85} 3025; 245, 5489
20. OBIAGU i 61 13.50; 823.50! 3721 1182.25
21. | NEW LAYOUT i 22 12,051 265.10} 484 |145.2025
22, | UWANI Y 22.5811577.38} 3721 509.8564
123, | KENYATTA ; 21 19.60 1 411.60| &41 ! 384.16
24. ' ACHARA LAYOUT § T 12.80! 947, 20, ~A76e165 84
25. | CAMP COLLIERY ; 15 15.391 230.85° 225 ;236.8521
{26. | INDEPENDENCE LAYOUT | 22 14, 504 319, | 42k 1210.25
27. ! AMECHI JUMCTION ‘ 70§ 13.39: 937.30: 4200!179.2921
28. | GARIKI {(AWKUNANAW) i 79 i 14.0311108.37: 62411 196.8409
2G. | MARY LAND ; 2 | 30.16: 60.32: 4 1909.6256
130. ! AMACHI P34 2603 1 89.42111.56L691.69
131, | UCWUAJT . 1.3 1 30.31° 39.403° 1.69'918.6961
=X = 2136.7
;ixz =  226383.25
XY = 29905.543
=Y = 528,81
2y2 = 10299.033
N = 31
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correlation Coefficient (rxy) is given as:
_ Ngxy - EXN(EY)
VW (NEx® - (EX)%) (€Y - (£V)9)
= 31_x 29905.543 - (2136.7 x 528.81)

V (31 x 226383.25 - (2136.7)° (31 x 10299.033 ~ ..,
| | (528.81)

XY

___927071.83 - 11259908.3 )
§M[(7017880.8 ~ 4565486.9) (319270.02 - 279640.02)

_ - 202836.5
\J (2452393.9) (39630. )

- 202836.5
311750.49

- 0,6506373

]

Hence the correlation coefi}cient’(rxy) between mean bus
service frequency and mean passenger waiting time is

- 0.651.
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APPENDIX D - 2: TEST OF SIGRIFICANCE FCR THE CORRELATION
COEFFICIENT BETWEER MEAN BUS SERVICE
FPREGQUENCY AND MBAN PASSENGER WAITING TIME.

The Student's "t% test is given by:

rm11—2
t = (T %
Where r = =0.678
n = 31
Hence t = 0.678¥ 29

NI D (0.678)2

= _0.678 x 5.38
W1 - 0.4597

= 3.648
0.5403

= 6.8

Ho: there is no relationship between mean bus service
frequency and mean passenger waiting time.

H1. there is relationship between the two.

Degree of freedom (df) = (n-2) = 29
Calculated value = 6.8
At 29 df t0.05 = 1.70

Since 6.8 is greater than 1.70, we reject Ho and accept Hq_

Thus there is a strong relationship between mean bus service

frequency and mean passenger waiting time.
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FINAL MATRIX OF SHORTEST BUS ROUTE DISTANCES FATH IN ENUGU (IN KILOMETRE)

1 2 13 Ju s Te [ 7 18 1o i 10041 a2 1aalaniag i s6] 17f 18] 10l 20 21 [ 2ol 23720 25 [ 26 | 27 P o i 29 [ a0 | 31 1 8%fex
1 0 3 6 |11 |1k 7 5 7 5 16 'u 6 §8.5111 '13.5 6.61 8.61 9.5] 9.6 11.1'1h 12 113.5[15.5112 {10 17 .19 16 é20 20.5'321,5
2, 3 Jo 13 {8 {11 t2 tu J2 tasi7 tole {7 {oslizelselr |selsaiin | 9.5l12,5014.6] 9,50 7 116 118 {15 119 - 117,51259.8
[ 3. 6 3 0 5 8 7 15 7 5 '6.5 by {12 9 {10 112,51 6.6! 8.6110 9.6]11.111L 112.5015.5017.6{12.5110 119 |21 118 '22 120.5{335.5
L. 11 8 |5 |0 3 1 7.5] 9.511.5]10 b1.g hs J17 b [1s li7.5l11.6] 305015 [1h.6)16.1119 [17.5120.5122.6117.5]15 lon (26 123 |27 125.51153.9
|5 W 111 18 |3 [o | h.s| 6.5) 8.5]108h2  hs.5l17.800.5015.5018  |12.1 {161 115.5015.1116.6119.5118 123 [23.1118 |15.50k.5(26.5[23.5]27.5l26 {u75.5
6, 7 L 7 1. 7.5] L.5] © 2 L 6 17.5 011 13'110 11 113,50 7.61 9.6111 {10.6(12.1}15 13,51 16.5{18.6113.5(11 {20 {22 |19 {23 {21.5{352.5
1 7 S 2 5 9.5] 6.5 2 I L |5.5]19 [11 |8 9 |11.5{ 5.6} 7.61 9 | 8.6{10.1{13 111.5/1L.5[16.6]11.5] 9 118 20 |17 21 |19.5]302.5
| 8, 7 by 7 _111.5] 8,51 L 2 0 2 |3.5}15.5] 7.916 7 9.5 3.6] 5.61 7 6.61 8,1111 .1 9.5112.5/14h.61 9.5 7 (16 120 115 |19 ]17.5|285.5
i 9. 5 2 5 {10 ]10.5] 6 L |2 0 {1.5]3.5] 5.9k 5 7.51 1.6] 3.61 5 L.6! 6.1 9 7.5010.6/12.61 7.51 5 t1l 116 (13 |17 ]15.5122G.1
10. 6 3.5! 6.5]11.5[12 | 7.5! 5.5] 3.5/ 1,50 {2 {4 [2.5] 3.5/ 6 | 3.1] 5.1] 3.5] 6.1] 7.6!110.50 6 | 7. [ 9 |6 16.5(11 |13 [10 [1k f12.5{217.L
11, L -7_ 111 |15 115.5111 9 155 3592 o |2 [4s5l 7 [ 9.505.1] 7.1 5.5 8.1] 9.6{12.5] 8 | 9.5/11.5/ 8 1 8.,5(13 |15 112 (16 11h.5]278.L
112, 6 19 112° {17 |17.5113 111 | 750 5.5 12 1o {6 |5 | 7.5] 7.1]10.5f 71 8.5112 l1h.5{ 9.5 7.5] 9.5] 9.5110.5111.5]16.5113.5{17.5116 |307.1
| 13. 8.5 | 6 9 |14 |1k.5{10 8 6 'L §2.5[h501 6 }O 1 3.5] 5.61 k.5 1 5,51 7 {13 3.5] L.S! 6.51 3.51 9 8.5110.5| 7.5111.5110 {209.1
14 11 7 410 J1s [15.5]91 b9 | 7 I s f3.5]7 |5 {1 Lo |2.5]6.605.502 | 6.5 7 f1b | hosi 5.5 7.8 k.5110 | 9.5{11.5] 8.5]12.5(11 |236.1
1 15. 135 | 9.5112.5117.5[18 113.5]11.5] 9.5] 7.5 6 9,51 7.5 3.5] 2.5] © 9.11 8 Lo51 9 9.5]16.5{ 7 {8 |10 7 112.50112 J1L {11 15 113.5}308.5
16. 6.6 | 36| 6.6]11.6[121] To6| 546 3.6] 1.8 3.115.1 7.1 5.6/ 6.6] 9.11 0 2 Se51 3 L.5110.6] 8 | 9 |11 8 6.611 15 112 |16 [1£.5/234.2
117, Be6 | 5e6] 8,6l 3.5{1h.1f 9.6] 7.6! 5.6 38 5.1 ] 7.1110.5 Lo5] 5.51 8 2 0 3.5] 1 2.5{12.6] 6 7 9 6 | 8.6111 113 {10 |1h [12.51226.2
18, 9.5 7 (10 [15 {15.5[11 | 9 17 |5 }3.5]5.80 701 |2 | bs[s.5{3.500 |usle |1 | 2.5 3.5 5.5| 2.5]| 8.5| 7.5} 9.5| 6.5[10.5{ 9 |211.5
19, 9.6 | 6.6! 9.611L.6115,1{10.6] 8.6! 6.6 u.é 6.1 18.1] 8.5 5.5 6.51 9 | 3 1 L.5{ 0 1.5(13.6{ 7 8 }10 7 9,612 11h {11 {15 113.5|260.3
i 20. 11.1 ] 8.1111.1[16.1]15.6{12.1] 10.1] 8.1] 6.4 7.6 9.6t12 |7 | 7 | 9.50 k.5l 2.51 6 | 1.5] o [15.1] 8.5 9.5111.5] 8.5]11.1[33.5]15.5{12.5]16.5[15 |303.8
21. i 11 tah 119 [19.5015 f13 {11 | 9 ho.s he.siin.d13 [1h |16.5[10.6]12.6{1h [13.6]15.10 0 {2 11 | 3 |6 [k |5 |7 Ik 18 | 6.5318.9
22, 12 9.5/12.5117.5118 ]13.5/11.5] 9.5} 7.9 6 8 9.9 3.5! k4.5 7 8 6 2.51 7 8.51 2 0 1 N 5 6 6 8 L {9 6.512133.5
23, 13,5 |1245]15.5/20.5/21 | 16.5] 145} 12.5[10.4 7 | .5l 7.d L.5] 5.51 8 {9 7 3.5] 8 9.51 1 1 0 2 {5 18 Ly 6 3 7 5.5]255,6
lou, | 15.5 |14.6]17.6]22.6|23.1] 18.6| 16.6] 14.6] 12.4 9 h1.5| 9.4 6.5] 75110 111 |9 | s.540 |18 3 {0 |2 Jo 13 [7 12 {u |5 |5 |7.5299.3
25, |12 | 9.5[12.5017.5/18 |13.5]11.5| 9.5| 7.%:6 8 | 9.43.5 ko5l 7 |8 [6 [2.5(7 [6.5/6 |5 |53 Jo {10 {5 |7 {8 |8 ]10.52L9.5
[ 26. 10 |7 |10 15 Jasesl11 | 9 | 7 1 5 |6.5i8.5/10.99 [10 |12.5] 6.6 8.€] 8.5 9.6]11.1| & | 6 | 5 | 7 1o [o |9 |11 18 {12 {10.5/273.k
f 274 17_ 416 |19 {2k (2bL.5]20 118 [16 1k f11 13 (1h.5 8.5 9.5(12 113 |11 7.5{12 [13.51 5 | 6 | B | 2 5 19 10 12 7 13 ] 5.5[3k2.5
Il 28. 19 18 21 J26 [|26.5/22 |20 |18 16 3 15 {16,410 1+1.5{1L |15 {13 9.5114 {15,501 7 8 6 N 7111 2 0 9 S 8.5/401.9
i 29. 16 115 118 {23 }23.5119 417 |15 |13 |10 }12 }13.9 k.S| 8.5011 {12 (10 | 6.5/11 {12.5] L | b | 3 | 5 8 |7 19 1o {10 | 2.533.
| 30, 20 19 [22 127 ]27.5023 |21 [19 |17 Db }16 [ 17.911.512.5[15 {16 1L [10.5/15 [16.5| 8 | § 7 5 12 3 5 110 0 .1 9.51430.5
i 31, 20,5 | 17.5/20.5| 25,51 26 | 21.5| 19.5| 17.5) 15.9 124 5114.50 16 | 10 {11 [13.511h.5{12.5] & [13.5]15 -} 6.51 6.5 5.5 7.5110.5110.51 5.5] 8.5] 2.5! 9.5{ 0 |399
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Appendix F: PFIFAL MA’ITBD{ OF SUCRTIST TBUS RUTFTD DIZITANCC o
1 2 3 4 5 6 7 8 9 (10 |11 |12 |13 |14 [15 |16 17 1 1a 119 | o0 | 21] 22 [ 23 [ 2a [ 25| 26| 27| 28] 20| 39| 31 {acc. Index
1170 [ 7 a2 [o5s [37 |15.5/10.5[15.5]10 [13 | 8 |12 |19 |18 |33 |14.5 |19.5]|23.5]|22.526.5/43 |33.5/38.5]38.5/31.5/25 |43 [51.5(63 |67.5/75 | 852
Jel7 |o 18 (30 | 8.5] 3.5| 8.5, 3 | 7 |15 |19 |13 |18 |33 | 7,5 |12.5{47.5/15.5]19.5/36 |27.5(32.5|32.5|25.5{18 |s2 |e1 [se |77 |es | 747
il J12. |5 13 |25 [13.s| 8.5/13.5 12 |20 |24 |18 |23 |38 [12.5 [19.5]22.5/20.5]24.5(41 (32.537.5(37.5|30.5/23 |57 |es |&1 |82 |73 | 874
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CORRELATION BETWEEN BUS ROUTE DISTANCE -

ACCECSIBILITY TNDEX (X) AND WEAR PAGSENGER -

WAITING TIMb (V)

BB

i

-  fin e BUS . MEAN
NODE | NODE TITLE (KAME ROUTE | PASSH
HO | OF MAJOR CENTRE) DIST~ ! ENGER
, ANCE | WAI-
% TACCESSH TING
IBILITY TIME 5 2
X Y | XY X Y
1. | ABAKPA NIKE 321.5115.53 |4992.895 {103362.25} 241.1809
. 2. ; ABAKPA JUNCTION 259.5110.85 |2815.575 |67340 .25{117.7225]
3. | THINKERS CORNER 335.5 121.4417193.12 1112560.251459.6737 .
4., | EMENE 453.9 [16.49 17484.8111206025.21]271.92 + |
5. | OBINAGU 475.5 129,12 |13846.56 |226100.25!847.57 .
6. | MKPOLOGWU/E.I.L.E. 752.5 12£.63 (9387.075 124251 . ) 709q1fi.i
7. | CITY LAYOUT 302.5{ 9.9112997.775]91506.25 | 953.20.
8. | NEW HAVEN 265.5 110.60| 2814.3 |70450.25 j112.36
9. | OGUI JUNCTION 220.1 110.6912352.869 148444, 01 §114.276
10. | 1.M.T/POLO PARK, 217.4112.30{2674.02= 47262276 1.151.29
11. | TRANS. EKULU | 270.1 120,74 15601 . 874 [72954.01 [430,1476)
12. | R.C.C. CAMP/UGBO=UDCGUU| 307.1125.50|7831.05 [94310.41 {650.25 §
13. | GOVERNMENT SECRETARIAT { 209.1{10.1512122.36543722.81 |103.0225
14. | RELIEF MARKET 236.1T112.5312958.33355743.21 {157.0009 ;
15. | IVA VALLEY 308.6 }21.2816567.008{95233.96 |452.8384
16. | RAILWAY QUARTERS/ 234.2{12.87 |3014.154 | 54849.64 |165.6369
117, § ASATA 226.2112.0612727.972| 51166 .44 | 1454450
18. | OLD PARK (OGBETE) 211.5] 9.84(2081.16 |44732.25 | 96.8256
19. | ONU ASATA 260.3}15.67{4078.901{67756.09 |245.5L3L
20. | OBIAGU 303.8113.5014101.3 19229444 |182.25
21. | NEW LAYOUT 318.9112.0513852.312{101697.21{ 145.2025
22. | UWANT 233.5122.5815265.425]54522.25 | 509.8564
23. | KENYATTA | 255.6]19.60{5009.76 [65331.36 |384.16
24. | ACHARA LAYOUT ! 299.3112.80{3831.04 [89580.49 {163.84
25. | CAMP COLLIERY :° 249,5115,3913839.805:62250.25 | 236.852
26. | INDEPENDENCE LAYOUT 273.4 {14.50{3964,3 74747.56 1210.25
27. i AMECHI JUNCTION 342.5113.39 {4586.0751117306.25| 179.29821
28. | GARIKI (AWKUNANAW) 401.5 14,03 ;5633.045.161202.25] 196 .8409
29, | MARY-LAND 334.5130,16 {10088.52:111850.25,; 909.6250
}30. | AMECHI 430,5:26.3 i11322.15,185330.25 591.69
31. | UGWUAJI | 399, (30 31112093.69,153201. | 918.6%% |
£X = 9306.1
£x° = 2953170.1
XY = 167129.24
> Y, = 528.81
%§Y2 = 10299.033
N = 34

P



-1k

' Cerrelation Coefficient (rxy) is given as:

NEXY - éxl(i‘f) _
\!(Nex ~(BX)*)(NEXY* - (£Y)°)

= (31 x 167129.24) - (9306.1 x 528.81) |
/(31 x 2953170.1)-(9306. 1)%) (31x10299. 033-(528.81)2

Xy =

5181006 . h - _4921158.7

S |

V(91 548273 - 86603497)(319270 02 - 279640. 02)

= 259847. 7 ,
k} (4944776)(39630)

RS98I T |
\Jr1.95961 e

= = 2598L47.7
B4L2675.36

i

0.5869938

Hence the correlation coefficient (rxy) between Bus
route distance accessibility and mean passenger waiting

time is 0.587.



APPENDIX G -~ 2: TEST OF SIGHIFICANCE FOR THE CORRELATION
CORFFICIENT BRTWEEN BUS ROULE DISTANCE
ASSENGER

ACCRSSIBILITY INDBX AND MEAN
WAITING TIME

The. student's test is giVeﬁ b&

t = -r n -2

V- 12

where r = 0.587
n = 31

Hence t = O.58ﬂ¥ 20

W 1 - (0.587)°

= 0.587 X 5.39

\J’1 - 0.3446
#ﬁ-'%.%EBQB

. -0.6554
= 4.8

Ho: tﬁére is no relationship. between bus route diétaﬁée
- accessibility and passenger'waiﬁinéifime. -
Hyg there is a relationship betweeﬁ the two.
Degree of freedom {(df) = (n-2) = 29
Calculated Value = 4.8
At 294f t0.05 = 1.70 A
Since 4.8 is greater than 1.70, we reject Ho and accepf Hq
Thus there is a good relétionship between bus route distznce

accessibility and passenger waiting time.
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APPENDIX H ~ 1:

CORRELATION BETWLEN BUS ROUTE DISTANCE
ACCLEGCIBILITY INDE

SERVICH FREQULNCY (Y77

X ) AND MEAN BUS

X P ! BUS ;MEAN
NODE | NODE TITLE (NAME ROUTE | BUS
NO | OF MAJOR CENTRE) IDISTANCESERVICH
! ACCESS~ bREQUﬁ
IBILITY | ENCY . , 5
(X) (Y) XY x2 ' Y
1. | ABAKPA NIKE. 321.5 113 136329.5{10%362.25 12769
2. { ABAKPA JUNCTICN 259.5 114 129583 67340.25 112996 !
3. { THINKERS CORNER 335.5 82 [27511 [112560.251 6724 !
L., | EMENE 453.9 87 139489.3%|206025.21 ] 7569
5. | OBINAGU 475.5 25 {11887.5i226100.25{ 625
6. | MKPOLOGWU/E.I.L.E. 352.5 2L | 8460 {124256.,25! 576
7. | CITY LAYOUT 302.5 92 127830 |91506 .25 8464
8. | NEW HAVEN 265.5 78 120709 }70490..25 | 6084
9. | OGUI JUNCTION 220.1 128 128172.8 48444 .01 [16384 .
10. IMT/POLO PARK 217.4 107 {23261.8} 47262.76 111449
11, | TRANS EKULU 270.1 69 i{18636.9} 72954,01 4761
12. | R.C.C. CAMP/UGBO-0DOGWY 307.1 53 116276.3; 94310.41 ;| 2809 !
13. | GOVERNMENT SECRETARIAT | 209.1 103 {21537.3| 43722.8%| 2809
14, | RELIEF MARKET 236 .1 149 [35178.91 55743.21 {22201
12. IVA vaLLEY y 308.6 11 13394 .6] 95233.961 121
. | RAILWAY QUARTERS - e
ARTISAN MARKET 234.2 75 117565 54849 .64 5625
17. | ASATA : 226.2 99 122393.8} 51166.44 | 9801
18. OLD PARK (OGbETE) 211.5 241 150971.5) 44732.25 {58081
19. | QNU ASATA 260.3 55 114316.51 67756.09! 3025
20. | OBIAGU 30%.8 61 {185%1.8} 92204 ,44 1 3721
21. | NEW LAYOUT 318.9 22 i 7015.8}101697.21 484
22. UWANT 233.5 61 {14243.5! 54522.25| 3721
23. | KENYATTA 255.6 21 5367.5{ 65331.36 441
24. | ACHARA LAYOUT 299.3 74 1 22148.2] 89580.491 5476
25. | CAMF COLLIERY 249.5 15 13742 .5 62250.25, 225
26. | INDEPENDENCE LAYQUT 273 .4 22 16014 .8 T474T.561 L84
27. { AMECHI JUNCTION 342.5 70 123975 117306.25 | 49CO
28. | GARIKI (AWKUNANAW) . 401.5 79 i 31718,51161202.25 | 6241
29. | MARY-LAND ' 334.5 2 669 :111890.25
30. | AMECHI P 43005 3.4 1 1463, 7 185330.25 111. 56‘
31. | UGWUAJI £ 399 1.3 518, 7 1592071 :1.69
Cx =  9306.1
g;xz = 2953170.1
e XY = 588913.7
<Y = 2263%83.25
N = 3
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Correlation Coefficient (rxy) is given as:-

M(Exy) - (Ex)(Evy) A . : -
rxy = (€7~ (£X)°) (1 Ex°- (£Y)%) | ziaT
= (31 x 588913.7) - (9306.1 x 2136.7) _
W (31x2953170.1 - (9306.1)%) (31x226383.25 - (2136.7)°
rxy = 18256325 - 19884344 _

N (91548273 - 86603497) (7017680.5 ~ 45654569

\
7

= - 1628019

~—

Y (4o9uu776) (2452393 5)

- 1628019

f

\/1.21265 x 1012

- 3482318

i

-0.4675101

Hence the correlation coefficient ({rxy) between bus
route distance accessibility and bus service frequency

is ~0.468.



-148-
APPENDIX B - 2: TEST OF SIGNIFICANCE FCR CORRELATION
' COEFFLCIENT BETWLEN BUS ROUTE DISTANCE -
ACCEESISITITY anD MubhN BUS SERVICE PREQU VCV

The student vit® test is given bys

t = I‘}é - 2

N (1 - )
where r = 0.468
n = 31
Hence t = 0.468\V 29 :
N0 ues)c

= 0,468 x 5.39
VA - 0.2190

2.5223
0.8837
2.854

= 2.9

Ho: there is no relationship between bus route distance
accessibilit and bus service freguency.

Hy: there is a relationship between the two.

Degree of freedom (df) = (n - 2) =
Calculated Value = 2.9
At 29 df €0.0%5 = 1.70

Since 2.9 1is greater than 1.70, we reject Ho, and acceph H1.
Thus there is weak relatlonshlp between bus route distance

acoessvblllty and bus service frequency.
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