CODESRIA

Thesis By Department of Geography

Adekunle Jimoh University of llorin, llorin, Nigeria

Aderamo

ROAD DEVELOPMENT AND URBAN
EXPANSION:
THE CASE OF ILORIN, NIGERIA

JANUARY, 1990 .




ROAD DEVELOPMENT AND URBAN EXPANSION:
THE CASE OF ILORIN, NIGERIA

By

Adekunle Jimoh Aderamo

Thesis
Doctor of Philosophy
Department of Geography
University of Ilorin,
Ilorin, Nigeria

JANUARY, 1990



(ii)

SUPERVISUR 'S CERTIFICATION

I certify that this thesis is the result of .
research carried out by Mr, Adekunle Jimoh Aderamo
vnder my supervision duripg the'course-of his Post=
groduate Studies in the Dapartment of Geography of

this University,

Suporvisol
Albert Adeyomola dgunsanyq‘
B.Sc; Ph.v (Ife): MCIT
Reader in the vepartment of Geography
University of Ilorin
llorin, Nigeri:,



(iii)

CANDIDATE S CERTIFICATION

I certify that the materials in this thesis hove not been
presented for any other degrec or professional qualification:

in this or any other University,

Candidate *

Adekunle Jimoh Aderamo. B.S5c (Hons). Mathematics;
M.Sc. (Urban and Regional Planning) ABU.



iv)
ROAD DEVELOPMENT ANU URBAN EXPANSION-:. - . e
THE CASE_OF ILORIN, NIGERIA
PH.D THESIS
A, J. ADERAMO

ABSTRACT

This study is concerned with road development and
vrban expansion in Ilorin. The main objectives includ;
the examination of the pattern and structure of road
network evolution in Ilorin and how they have offectedA
the changing nature of the morphology of_thé city; the
identification of factors that help to explain the
changing ﬁorphology of the city; the use of such factors
to build a model that can be usea to determine the nature
and-direction of urban morpho;ogy given‘sbecific trans-
port network structure, |

To achieve these objectives, the stud§ depended on
a comprehensive data set. The data collected include
data from aerial photographs, socio-economic data, traffic

surveys and daota from records of ministries, parastatals
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and local governments. These were collected through mapping
:froF aerial photogrqph; and fieldwérk carriea‘OQt bethen
June and November 1988 within thirteen idéntified zones in
the city. These zones are: Adewéle, Baboko -~ Stadium, Centraol
Area, Gaa Akanbi - Ero Omo, Gaa’Imam,AReservdtion Area,
Kulende - Tanke, Oke Oyi, Odokun - Odota, Oloje, Sabo-0Oke -
Amilegbe, Sobi, University - Polytechhiq. |

An examination of the'state of the arts of thg trans-~
portation system in the city revealed that intracity tripéi
were dominated by motor cars accounting for 63% of total
trips while mini buses accounted for 18.4%; * Trips by foot
uccoun;ed for 12.5%_wbile trips by motorcycles and pedaled
cycles accounted for 6.1%. Further, worktrips accounted for
.24 ,4% while social aﬁd recreational trips-dccouﬁted for a
total of 33.0%. Business trips accounted for 15.6%, trips
to religious centres accounted for 12.8% and‘trips to markets
constituted 9.2%.

Using factor analysis procedure, the following regions
of dominant flows in:terms of importancé of intra-city trips

were identified:.
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1; Adewole, Baboko-Stadium, Odokun - Odéto, Sobo—Oke-Q'
Amilegbe.

2. Kulende - Tanke, Reservation Area, Sabo-Oke ~ Amilegbe,
University - Polytebhnié.

3. Central Area, Oloje, sobi.

4. Gaa-Akanbi - Ero Omo, Gaa Imam; Res;rvation Area.

The graph-theoretic approach identified an}infrd—city

hiérarchy of zones with Baboko - Stadium oS-the first order;

Central Areq, Reservation Argu and Gaa Akdnbi‘; Ero Omo as

the second order; while Gaa Imam, Kulendel—'fcnke, Adewvole,

Odokun -~ Odota, Oloje, Sabo-Oke -.Amilégbelphd Sobi are in

the third order. :

A study of the chonging morphology of the city revea%s
that in 1897, the pattern of the city was o;; of concentric
pattern while by 1963 the pattern of growth has changed to -
fhat‘of radial growth along the rodd arteries, By 1973, the
sectoral growth of the city had intensified'élong thé axial
roads of Jebba, Ajassepo, Kaima un& Ibrahim Taiwo roads.

As a result of various developments in‘diffefent

directions of the city such as Army Barracks at Sobi, Adewole -
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Housing Estate and Ilorin Airport, Niger.River Basin
Authority, Kulende Housiné Estatés, Uni;ersity of Ilorin
MoinzCampus and Federal Low-cost Housing Estate, Oloje,
the 1982 pattern of the city depicts a lot of physical
expansion in all directions of the city. By 1988; thé
sprawl of the city could be prominently ﬁoticed along the
inter-city roads such as Ilorin - Jebba, Ilofin ~ Ajassepo
road, Lagos road, Kaima road oﬁd Shao road.

The spatial pattern of road development in the city
‘ reveals that the number of.road segments in the city increased
from 17 in 1963 to 30 in 1973. The number of road ségments-
increased to 68 by 1982 while by 1988 the nﬁmber had risen
to 72. Analysis of length of road network?reveals that in -
1963, the length was only 12km while by 1923, the length
has risen to 22.7km; By 1982, the total Léhgth.of road
network was 67km while the figure‘rose~to:86kh by 1988.

In order to examine theiexpansion of tﬁe city, some
basic factors wefe identified. Of the eiéht variables
identified and used to ekplain the spatial.ékpansiOn of

Ilorin, it was found that only two variables contribute
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significantly to the explanation and the model

derived is:

Y = 2.3067 + 0.13899 X

q * 0,03003 X4

where Y = Built-up Areo;

X3

Retail Trade;

X Provision of Amenities

4
Using this model, the future land area of the city
was obtained and used in the simulation of urban
expansion, | | |

The uvrban expansion itself is baséajdﬁ the
Monte Carlo technique which was used to simglate the
growth of the city for 1973 and l982.<.fﬁis was done
by determining the road networks of thé'city for 1973
and 1982 and simulating urbﬁn form to thesé'periods
in order to obtain tﬁe gféwth patterns.. fThe.simulation
exercise was carried out using data on;fhé“city's
population and land area. A comporisoﬁ Qf the simuloted |

and observed patterns of the city for 1973 and 1982

gives a good fit.
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On the basis of the satisfactory fit obtained
between the simulated and observedvpufterns fer 1973
and 1982, the Monte Carlo technique was further used
to simulate the future pattern of the city for 2000
AL, fhis was done by determining thé’bify's network
for 2000 A.0. and simulating urban form to this period.

The study ended with the implications of the
research for planning. Specifically it shows that the
city of Ilorin has grown naturally over the years.

In order to achieve a_moré pufposeful growth for the
city there is need for a conscious develoﬁment policy.
To the extent that tfanéport is the ddﬁinqting cémponent
of urban planning, the study recommends thﬁt government
should control further development of th; city by
buvilding roads along areas where urban.éxPansibn is

desired.
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CHAPTER ONE

INTRODUCTION

Background To The Problem

Urban transport problehs the world over do not
make news. Existing literature hqve shown that the -
major cities of the world today experience very serious
transport problems which have greatly reduced mobility
in these city centres. |

In ancient Roﬁe fsr example, Julius Caesar once
prohibited the movement of curt#vduring day-light to
relieve traffic congestion on the rqgg§_(853tont;1970).
Congestion was also common place in Se&enteeth Century
London and Nineteeth Century New York;‘ In the United
States, various studies have been corried out in cities
with such traffic problems. Such studies include the
Vetroit Area Traffic StudyA(l953); the Chicago Area
Transportation Study (1956); the S@n'biego Metropolitan
Area Study (1959), the Penn-Jersey Transportution Study
(1960) and the Tri-State New York Metropoliton Trons-

portatioﬁ.Study (1968) all aimed,ut“réducing the urban

T——

~L
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‘traffic congestion problems. Also in 1959, the Hichigan ~
State Government U.S.A. experimented with bgdestrianisation
in Kaolamazoo (Roberts and Longe, 1976). 1In 1973, the
ofgunisotion for Economic Cooperation and Development
Report discussed the wideSpread use of Restraint of Road
Traffic techniques in the developed countries as o means
of redvucing heavy urban traffic flow problems (OECD, 1973).
But the question can bg asked, whot are these urban transport
problems?

. Briefly, the urban transport problems éqg be séen
from two mejor perspedtivgs: The first is fﬁe lock of
transport faéilities which creates a ;ituuficn of immobjility,
und.the second is the cloggingof the roads by too many
vehicles thereby creating the common traffié.congestion
problems., This latter one is the more common in cities of

the world today and it manifests itself in traffic hold-

e

ups, delays, parking problems, accidents and’ environmental

pollution problems.
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The severity of these problems is a function of a
: combino;ion of factors., As observed byAdedimila (1977);
Adenle (1977) and Ogunsanya (1983), these factors include
. the road factor, the vehicle factor and the humon factor.
The road factor is concerned with the nature and surface
condition of the road while the vehicle factor relates to
‘the characteristics and performancencoquilities of motor
vehicles. The human foﬁtor refers to those‘aspects of
transport problems that are mdn-induced ond éspeéiolly with
individual behaviour of people in the trqffic~stream;
Existing studies have shown that previouvs attempts
at finding solutions to the urban transport problem have
failed to recognise the multifaceted nuturgzof these trans-
port problems. For example, in some studigs, a purficular
urban transport problem is #tudied ond'tacklﬁd; (SELNEC —
Study 1962) while in some others a particular facet of o
"wider range of problems is looked at to thelneglect of its
rolu;ionship to other tfonsport Rrobiems, (Léﬁann Troffic

Survey, 1960).
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The recognition of the intérdependenqe between

'ufbon transport system and the location of residehces

and work places has had a great'impcct én the analysis

of the urban transport problem. For example, Mitchell

ond Rapkin (1954) have shown that intimate and insepa-
rable interrelationships exist between transportation

and geographic locations. Wingo and Perloff (1961)

'have also shown that transport influences land use
patterns. They both contend that the develbpment of the
city over time will depend upon the sequence in which
changes in lond use and transportotion occur. Also, the
critical role of transportation in the fo;m and evolution
of the contemporary metropolitan areas aha fhe relationship
between traffic volumes and loﬁd use oréuvitul interrelated
variables worth serious consideration (Blumenfeld, 1967).
Further, an understanding of what prompts, encourages and °
allows people to move is important inlthe understanding

of the functions and limitations of a traﬁ;port system.
Itlis only through this that any meoningfﬁl prediction of
the future scale ond pattern of movement can be made

(vaniels and Warnes, 1983).
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Understanding the role of transport in spatial
development is also important in solving the urban
‘transport problem. There is no doubt that one of the
greatest forces in the spatial development of ﬁny area
is transport (Rostow, 1964, Wiisqn,,l966, Storey, 1969).
The emergence of a new and efficignt form of transportation,
for example, has ever proved to be a powerful weapon of
economic and spotial development of any environment. .

So complex are the activities in the cities that cities
are incapable of existence except when adequate transport
facilities exist. ‘

The effect of transport on the development of cities
becomes apparent in the spatial exbansiqn of the city
because cities are themselves crea;ures of transportation
(Harvey and Clark, 1965, Pederson, 1980). A recurrent
controversy in the discussion of transport éhd urban
spatial expansion hogever is whether transport availability
necessitates the spatial expansion of the city or the

spatial expansion of the city calls up the négd for
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transport. This study tries to address the
relationship betweeﬁ transport availubility,ond
urban spatial expansion. The study examines the
transport factor in the morphology of a developing
environment like Nigeria and is based on the
hypothesis that the'undefstanding éf’the structure -
transport relationship of the ;ity,_can help to |

ease its physical planning.

Statement Uf The Problem

From the foregoing discussion, it is clear
that existing works on urban transport studies
adopt a topical approach. But the geographer's

interest is in geographical pottefns and inter-

relationships with land use and other .geographical

elements of urban environment.
A significont feature in the evolution of
transport is the ability to travel increased

distances without consuming more time. This is



-7 -
crucial in the contéxt of urban development
because it allows the residences and workplaces
of urban dwellers to be separated and has the
ability to change the traditional ‘compact' city
to a mére dispersed form. In addition, new
methods of movement have conferred different
accessibility odvantoées on intra-urban locations
and encouraged functional segregation of land:
uses., This would not have been possible without
the liberalizing influence of urban transport
technology in the sense that it promotéé_outward
expansion of cities while at the same tiﬁe
sustaining the accessibility advantages of the

centre,

A major cause of traffic‘problems in the
developing environment is that the city structure

predates the advent of the avtomobile. In Nigeria
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for example, the problem of haphaozard development,
which is prevalent in all our growing urbon centres
can be ottribﬁted to unplanned growth resuvlting

in scattered ogglomefution of settlemgﬁ¥'pdf¥érnéwww
and the spatial expansion of the cities dlohg the
main tropsport roptes (Bolade, 1986). This is
worsened by the apparent lack of understadding'of
the relationship between the 'form of the city and
its transport needs which in part is responsible
for the uncontrolled sprawl of these cities along
the transportation routes.

But as observed by Douglas and Carrol (1962),
the problem is not best solved through a repression
of the system of the teéhnology, but rqther'through
the understanding of the urban form and how to
adapt to it. There is no doubt that trﬁnsport

provision promotes'the outward expansion of cities
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because as explained by Pederson (l98b),,transportotion
remains the key to the understanding of lond use change.
Thus an understanding of the present ahd future morpholégy
of the city is of prime importance in tg;m;ep;;;siogw;f
the transport problem.

Sargent (1972) recognised that the fdrces which
influence vrban morphology have been given little
attention compared to studies';f the nature of land
occupance or social groups.’ Yét the spatial develop-
ment of the urban area can best be underétobd by
investigating the underlying forces behiﬁd the out-
ward expun;ion of urBan growth, Accoraiﬁg to Sargent,
it is increasingly being ucceptea that the geogra-
phic analysis of an urban area is best erried out
within o fraomework that is capable of providing
insight into the pattern, timing and procegseQ of
vrban growth. If such a pattern can be explained,
modelled and future patterns predicted, @ major gap

would have been filled in urban transport studies.
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1.3 Study Objectives And Scope Of Study

The main purpose of the study is to examine

the transport factor in the spatial expansion of

Ilorin. The study has the followingAspecific

objectives:

(i)

(ii)

(iii)

(iv)

(v)

To examine on a spctio-temporol-basis the
pattern and structure of road network
evolution in Ilorin.

To examine the ‘extent to which (i) dbove ™

has affected the changing nature of the

Imorphology of Ilorin.

To examine the other factors that help to

explain the changing morphology of the city.

On the basis of (iii) above, to build and

test a model that can be usedvfo:détéfmine
the nature and direction of Qrbdn morphology
given specific tronsport nétwork structure.
To outline‘the implication of:the study for

vrban plannihg and redevelopment.
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Conceptual Framework

The basic cbnceptg-of urban form or urban
morpholdgy and those of network structure can be
used to formulate a relationship between road
development dand urban expansion. This subsection .
examines these conceptual issues‘on.which the thrust

of the study rests, SO —

(a) Urban Morphology

If closely observed, citigs_display a
degree of internal organization. 'In terms of
vrban space, this order is most frequently
described by régulorities iﬁ land use patterné.
These summarise the distribution of urban
activities and population.

Some of the basic concepts uséd fo describe
urb&n form iﬁclude the concentric zonation
hypothesis of the urban écologist Burgess (1923);
the fesidential sector model of Hoyt (1939) and

the multiple nuclei proposal of Ha}ris and

- Ullman (1945).
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The earliest and best known of the classical
models of urban growth is Burgess concentric
zonation hypothesis. Fig (1.1a). Burgess contends
that as a city grows, it expands radia;ly around
the Central Business District (CBu) to form a
series of concentric‘circles. Burgess identified
five zones with each zone charactériséd by different
land use and peoplé of different statu;;_ The first
zone is the centre of the city or the Centrol Business
District; the second zone is the zone.in_transition
comprising on area of residential detéri;oiation as
a result of encroachments from the CBb.-,The third
zone is the independent working mon'é:homes."wNext—*"'.
to the third zone is the zone of better residences.
The fifth zone is the commuter's zoneféqnsisting
of dormitory surbu;bs'with theimen comhufing to jobs
in the CBv. The operating mechanism of the

concentric circle model was the growth and radial
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la) Concentric theory ‘ - b) Sector theory .

|. €entral business district

2. Wholasale light manufacturing

3. Low class residential

4. Medium class residential

5. High class residential

6. Heavy manufacturing
7 Outlying business district

8. Residential suburb

9. Industrial suburb -

(c) 1° l ) _ . 10 Commuters zone
Muttinuciei theory

Fig, L1 Models of the internal structure of cities. Source. Hudson, F. S. Geography of settiements (I980).
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expansion of the city with each zone having

a tendency to expand outward into fhe'next or
what the urban ecologists des;ribe as 'invasion'
and ‘succession’.

Hoyt's (1939) model of the growth_énd
spatial structure of Ame:ican cities is also
known by the wedge or sector theory (Fig 1,1b).
Hoy t nnalysed the distributiﬁn of residential
neighbourhoods of various qualities as defined
distributed randomly nor in the form éf concen-
‘tric circles. Accoiding'to Hoyt, different
types of residential areas usuvally grew outward
along distinct radii and new growth on the orea
of a given sector tended to take on the character
of the initial growth in that sector.¢ Hoyf's
model-had its origin in the works of Hq;d (1903)

who described urban expansion as ‘axial growth,
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pushing out from the centfe along transportation
lines®. It is felt by some scholars that bécause
Hoyf's model takes into account both distance and
direction from the centre of the city, it‘is an
improvemepton the earlier Burgess effﬁrt (Richardson
1971, Johnson, 1972 p.173). |

The multiple nuclei model fofmulatéd by Harris
and Ullman (1945) is a modification of both Burgess's
and Hoyt's models (Fig ].1c). Harris‘aﬁd Ullman
argué that the land use pﬁttern of a c;ty does not
grow from a single centre but around;sgveral distinct
nuciei. In some cases, these nuclei:”elements around
which growth takes place, have exis{éd‘from the origin
of the city but others may depelop dqiing the growth
of thé city. Their numbers vary from city to city
but the larger the city, fhe-more numerous and s
speéialisedlare the nuclei.

These classical models which\emé;ge.from the‘procéss

i

of analysis and generalisation do not_rigidly conform to
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the reélity of‘uny city though many elements of each
model are.recognisuble in the vast majority of urban
centres. The models, howeVer, remain as valuable
conceptual tools for analysing the modern city and
provide a basis for cross-cultﬁral prban comparisons.,
- One of the mest well known and probably most well

fested model of urban struéfure derives_from Lowry's
(1964) modelvof the metropolis which has been subse-
quently developed and modified in recent yeors (Garin,
1969; Wilson, 1970). |

The Lowry model organises the Urbén.;éace-ggsnoégwinto
activities-on the one hand, and land uses on the other. The
activities which the model define§ are population and service 
employmént.and basic (manufacturing and primory) employmeﬁf,
and these activities correspond to residential, service and.
industrial land uses. The’mathematiéal-Struc}ure of‘therA
Lowry-type of land use and transport inter@ﬁfion model is
based on accessibility concepts and economic base concépts:

Basically, the urban econcmy is conceptualised to

comprise basic activities and service activities. Basic
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employment is defined as that employment which is associated
with industries whose products are exported outside the
region while service employment are consumed within the
region, Besides deriving population and service employment
the model also allocates these activities to zones of the
urban region. Populetion is allocated in proportion to the
population potentiaol of each zone and service employment
in proportion to the employment or market potential of
each zone. Constraints on the amount of land use accommo-
~dated in each zone are also built into the model.

Having located the various activities in accordance
with the predetermined constraints, the model also tests
the predicted distribution of population against the distri-
bution used to compute potentials to find out whether the
two distributions are coincident. Lowry's framework can
be enlarged and embellished through the entropy-moximising
methodology introduced by Wilson (1970). Some of the

embellishments include:



- 18 -

(i)' the disaggregation of population into woge classes,
and the introduétion of behavioural ossumpfichs into
§potial interaction and locatibnol'behuviour
(Wilson,11973).

(ii) the use of more consistent equations than Lowry's
(1964) and Batty's (1970).

(iii) interpretaotion of the economic base concept in
terms of both export generation and locational
attributes of urban activities (Goldner, i968;
Ayeni, 1975b).

The Lowry-model can be used to estimuf@ population of
an area from total employment and retail emplgymght genercted"A
in the different segtors from the populutioﬁ and reteil lond.
use, The major use of the model is to provide some means by'

which trajectory of urban spatial and locational behaviour

might be traced.

Also Boyce (1966) broadened the cnalogiccl.ffg;;wo£gﬁ
qf the similarities between wave theory and metropolitan
expansion. In his wave theory analog, qpproacﬁ to explain

urban morphology and change, Boyce conceptuclises a metropolis
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to grow in two major respects. A metropolis might change in
its distribution of internal density of land use, and it
might increase in its area by growing about its edges.
Boyce contends that most of the descriptive and analytical
theories that describe the surface and extent of the metro-
polis such as rent theory, central place theory, density
gradient studies and various descriptive studies such as
those by Burgess (1923), Hoyt (1932) end Harris and Ullman
(1945) are primarily static models. Very few of them

take into account the dynamic nature of metrepolitan change
and almost nothing is available on the spreod and outward
movement or urban fringe of the metropolis.

Through the wave analog approach, Boyce recognises the
exist?nce of three major waves within metropoliton areas
viz: o recession wave which occurs in the outer frame azeo
of the central city and characterised by a &ecreusing change
in population over time which moves outword f;om the central .
ureuﬁ the precéssion wave which moves achead of the main

edvance of the actual urban settlement and characterised by
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speculative land holdings, ferm falling largely into disuse
and by a plethora of real estate agents; the tidal wave or
cutting edge of the metropolis which is recognised to be
the actual front of urban settlement and referred to in meny
ways as the rural-urbon fringe; fhe ovter suburbia; or the
cutting edge of the metropolis,

In an earlier work, Blumenfeld (1954) in his concept
of tidal waves, argues that in cny given timz period, there
is o particular "zone of maximum growth" which con be defined
as the crest of the tidal wave of metropeliton expansion,
It is also recognised that the form oxr shope of a metropolis
is one of its most striking characteristics. This is b;causz
cities differ wid@ly‘in shape and are rarely ciicvlmro
They also grow outward in different directioﬁgwdt-éiffef;gé
times., If one subtitutes the terms city suzfoce for cceon
surché, and thinks of wave height as qnuloggu$ to urbon
land intensity or density, then great similazities brtween

the urban surface and the ocean surface can he noted,
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‘Boyce's cdnceptuul'cpprocch has bzen implemented.by
Newling (1969) in the context of Urbcn population density
analysis and by Morrill (1968, 1970) in the context of the
ftudy of diffusion., Krokover (1982) applied the concept
to the study of spread of growth in vrban field of leoxrge
metropolitan centres. In the context of the study of urban
expansion proposed in this wdrk, the wave analog concept
appears to hold great promise in providing'c sound conceptual
framework. This is because it indirectly incorprrates earlie:
theories and concepts to evolve o more r@mlistic frome for

understanding the pattern of city growth,

(b) Network Structure

The term structure den@tes,tﬁ@ lcyqutg gzometry
or patterﬁ of transportation facilities or systems
(Garrison and Marble, 1961)., This expression implies
a set of spatial relations betwgen distingnichable
elements of transportation networls in respect to
each other and to the organised whole, Accerding to

Kansky (1963), it is possible to d2scribe the structure
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of transportation networks in mathematical terms through
a measure of relations between these distinguishable elements
of transportation networks, By taking advantage of the
abstract concept of mathematics available in graph theory,
Kansky developéd techniques for measuring and analysing
the structure of transportation networks, |

Kansky asserts that the strucutre of transpertation
network of any area cannot be. divorced from thevgéogrophic
characteristics of that orea. He recognises thqf a tempd—
rally and spatially stable functional relationship exists
between network structure and areal characteristics.,
According to him, fhe developmental éhanges in'the.network

structure is characterised by a process of addition of

tfansportction routes, He was thus able teo construct a
quantitative predictive model of the network structure such
that the set of areal characteristics is a function of
definite vdlues of available graph-theoretic measures which'b
define the network structure.

Two aspects of the areal characteristics, magnitude

and location were recognised as necessary elsments in the



construction of the predictive moda). Thus o network
structure is a function of the quantity of arecl characteri-
stics and their locationol distribution., A predictive

. model can thus be censtructed as statistical iegulaxity
capable of bredicting the most proboble stages of the net-
work structure,

Further, Kansky claims that the model may be used for
the prediction of transporation networks of mfecs of study
such as a city., The preocedure of its application invelves
the following:

(i) determining the observational units of reseazch.
(ii) derivation of an index of economic activities in an
area and the size of the area.
(iii) locotion of the centre of economic activities,
(iv) colculation of the numerical values of the graph-
theoretic measures,
(v) construction of the most probable map of fhe network
structure by using the graph-theoretic m#a%uxeﬁmandwww
locating the network in the area by simulstion

techniques.
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Graph-theoretic measures are vseful in evolvating not
Oniy the accessibility of ﬁodes but also the connectivity of
networkgl Kansky introduced a large number of graph-theoretic
measures many of which are index numbers, Some of the measures
that seem to have a g;eutef degree of wtility in the analysis
of transportation networks are:

(a) Beta index;

(b) Gamma index;

(c) Alpha index;

(d) Cyclomatic number;
(e) Network disperson;
(f) Eta index;

(g) Iota index.

These selected indices were used by Konsky to express
relationship between the structure of transpoxtation nﬁtgo;kﬁ
and the economic chcracteristiﬁs of a number-of selected—
regions. In particulor, Kansky asserts that m'significcnt
correlation between measures of the level of econamic

development and the set of numerical values indiCatiug

degree qf'tronspor{ation development would indicote the
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utility of all or some of the proposed network
measures as indices of degree of tran;portafion
development.

In the present context of identitying the
structuré ond development of intra-urban road
network in Ilorin, measures of Beta, gdmma, alpha,
cyclomatic number, eta and iota indices will be
computed for the road network of the city for the
years 1963, 1973, 1982, and 1988. Such indices
can then be used to determine the pattérn of net-

work growth in Ilorin.

(c) Relationship Between Network And Morphdlogy

tach system just discussed is.diregtly
concerned with the developmen; of a framework
which identifies ond describes reguloritiés in
in patterns of human interaction in space ond
explains their origins and transformctionS in
time whenever population aggregates iﬁ'urbhn

areas. Along with these rother.fundumeﬁtql
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Fig.]-2: Schematlc relationship between urban form and transport.

Source: Daniels P W.and Warnes A.M. Movement in cities (1983)



- 27 -

relationships in space and time is o common concern
- for occesSibility.  In describing interaction patterns,
ﬁost of these conceptual systems moke a distinction
between patterns of intra-plaé; and inferplace
interaction, the former thing importance for the
adaptation of space and the latter invelving commu-
nications between spaces. Urban networks give
meaning to the idea of the city as a system and
transportation system holds the key to the way in
which growth proceeds. It is therefore important
to examine transportation systems and urban form
together in order to facilitate purposeful growth.
The three models of Burgess (1923); Hoyt (1939);
Harris and Ullman (1945) oie combinable-into o single
model that shows a spatio-temporal dimension of the
'relotionSHip between trénsport and urbon form.

Fig.1.2 shows five distinct phases of this'relotionship.
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The first is the pedestrian cify which represents
the situation where the only means of transport was by
foot. Cities in this category have been aptly described
as "foot-cities" (Schaefer and Sclar, 1975). Distinctly,
the pattern or structure is concentric. A dominant
" feature of the city at this time is a fofm of functional
integration where jobs and residences are locoted in the
some place. This pattern is not significonfly different
with the advent of the horse bus and tramways since these
'fo;ﬁs of transport do not adequately solve mobility
requirement of the urban commuter. Thus city functions
tend to agglomerate and the city still remains largely
compact and concentric.

The development of the railway brougyt some changes
in the size and structure of the city. ihg most signi-
ficont feature in fhe evolution of this'fo£m of trans-
port is that it allows longer distances to be covered
without necessarily consuming more time,‘ This is an

important development in the context of_spctiol expansion,



- 29 -~
as. it allows a greater separation of residences and’
workplace. lhis to a very large extent changed the
compact traditional city to a dispersed one. The
result is the sectoral growth of the city, following
the lines of ruilwﬁy de?elopment. T~

The loter development of fast railway and bus
fgrther increased the expansion of the city along the
sectoral pattern. A notable development at this time
is that of special nuclei along the wedges; These
nuclei have led to the decentrolisation of functions
at the CBU and the creation of minor Cenfrol Business
istricts along the wedges - a feature ﬁddg possible
by accessibility.

The arrival of the car and other forms of personal
transport as new modes of transport conferred different
accessibility advantages on intra-urban iocotions and
encoqfaged further functional segregation and appearance
of new land use. Up to the early 19th century the structure

of the cities wos determined solely by the distances residents
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were prepared to cover., With the time space convergence
created by transport availability, the structure changed.

The resultant effect of transport provision is the

ovtward expansion of cities. Better transport facilities
result in greater altérnatives in locating housing, jobs
and services and therefore the expansion of the city over
time (Ogunsanya, 1989). Thus the‘interdependence.cf
tronsportation systems and urbaﬁ form implies that they

must be analysed aond planned together for efficiency.

Study Area And Justification For Choice

The study area is Ilorin, the Kwora State Capital.
It is located on lati{udé_8°30' North and Longitude
4°35' East, |

The city is divided into two parts, the West and
Eost,.by the Aga River which flows through the town in
a roughly north-south direction. (Seels:1.1.3).
The West encomposses the traditional section of the
town with the Emir's Palace as its hub., The 'Emir’s

Morket' is alsoc the centre of retailing, recreational,
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religious and commercial activities to which wrhan resideﬁts
commute daily,

The creation of Kwara State in 1947 and the choice of -
Ilorin as the Stote Capital has resulted in its repid
population increases and areal expansion. Over the years,:
the city has grown from what can be described as o "Foot-
City" with residential houses located around the Emir's
Palace to an automobile city.

Ilorin is undisputably the largest urben centre in
Kwara State, Within about two decades of its becoming o
state capital, the population of the city has more than
doubled. By 1963, the population of Ilorin wés put at
208,546. The cify's 1973 populction'was e;fimmted to be
about 320,000 while the population in 1980 was ﬁut at
approximately, 400,000, The estimo}ed popuiation nf Ilorin
for 1987 is approximately 474,000, This trend in population.
growth is very likely to continue because Qf.the centrality
of the city to very important places in the country. In fact,
the location of Ilorin between the dry north and the wet

south of Nigefiq gave Ilorin the description as the "gateway
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between the northwest and the southwest of‘the country"”
(Adedibu, 1980).

The development of intra-city roads to cope with the
demand of the c;ty, when it become a state capiful in 1967, -
has affected the spatial expansion of the city. The extension
ofithe old roaas opened up new sections of the town leading
to the expansion of the city. Thus develobments have
concé;trated along the routes. The'development of the city
‘has been concentrated in recent times clong.the intercity .
roads such as Ilorin - Jebba Road where the expansion has
extended almost as fer as Oke-Oyi, the Ilorin ~ Ajassepo
Road which has merged Ganmo and Amayo with Ilerin, the
Lagos road which now brings Eiyenkorin completely under
the urban influence of Ilorin, the Koima récd, which now
has enveloped Ogidi, and the Shao road whichlnow puts Shao
as part of the outskirt of Ilorin.-

The growth of the‘city sincé it became o state capital
has been in terms of physicql,exponsioh and growth of traffic.

The western section of the city which is predominantly

residential, generates a lot of traffic doily which have to

J— e
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go through the three bridges linking the West and East.

This creates a condition which makes traffic to concentrate

on and overstretch such routes as Emir's road, Taiwo/Unity

O ©emeiena. JURS

road and Amilegbe road.
The location of markets and other ceﬁties of commercial
activities in the city also act as traffic generation pointgl
'an& has sigﬁificcnt effect on the ;ity's tra%fic pattern.
The distribution of vorious other: land uses spch as institu-
tional, public and semi public buildings, inaustriol and
recreational all sum up to dictate the pattern of city
traffic .and urban expansion.. As observed Ly Ogunsanya (1986),
although traffic congestion does not pose se;ious problems
yet in Ilorin, signs of potential bottlenecks are already
noticeable, |
As a result of her numerical size, Ilorin interacts
intensely with high-order urban centres as Lagos, Ibadan,
Kano 6; well as others in the lower hierarchical levels.
It also has strong links with other'urbcn cgntres in the
performance of its traditional roles as a centre of social

and economic activities. Culturally, Ilorin possesses customs-

typical of many southern states of Nigeria. Administratively,

it belongs to one of the Northern States of Nigeria,



1.6

- 35 -

Ilorin has been chosen for this study bhecause it
is a0 medium-size urban centre that grows mainly along
intercity roads. Such urban centres eventually develop
to have traffic problemsAlike the bigger urban centres
in Nigeria. An understanding of the transport system
of such centres con‘be used to check the problem of
traffic congestion before growing into uncontrellable
level.

Thus the study of road develobment and urban
expansion in Ilorin con serve as a guide to similar

studies in other urban centres in Nigeria.

Organisation Of The Study

This research work is organised into eight
chapters: Chapter I of the thesis is the introductory
chapter and deals with the statement of the problem
of study, the background of the problem, conceptual

framework, the study objectives, the study area and

justification for its choice,
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Chapter II is o review of relevant literature felatgd
to»the study. This,déuls hainly with previous publications
on the theories of urban structure and network s;udies.

Chapter III deals with the resedrch méthodology employedi
in the study. These ore mainly the typeslﬁf data collected
and strategy for their collectiop. It also gives a summary
of the analytical techniqugs employed in the study.

Chapter IV discusses aspects of transportation situation
in Ilorin as at the time qf this study. Théfﬁdﬁié”bspéé?g
discussed are the pattern'of vehicular traffi?, pattern of
intra-urban trips, road quality aﬁd choructeristics of
triﬁvmakers.-lThe chapt?r serves osla.preludelto the .
understanding of the state of the transbort_ﬁy%tem in the
town.

~ Chapter V describes the morphology of Ilérin. This
~relates mainly to_the spatio-temporal perspect}ve of the
evolution of Ilorin and the composite growth pattern in

the last two decades. The chapter also attempts to

account for any observable pattern.
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Chapter VI deals mainly with the sbctiol pottern of
road development in Ilorin. Areas of focus ore the network
factor in urban development; intro-urban network analysis
by periods; evolution of intra-urban network and the
composite growth pattern of the city's network.

Chapter VII discusses the modelling proceaure in urban
expansion. The chapter identifies the variables for the
modellingl procedure and applies the model to the development
and growth of Ilorin for the periods 1973, 1982 and 2000 A.u.

Chapter VIII is the concludinglchupter and deals with |
the summary of the work and discusses the‘p#anning implica-'}
tions of the results derived making approp;iote recommen -
dotions and conclusions. The chapter also discusses oreas

for further research.
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CHAPTER TWO

LITERATURE REVIEW

In Chapter One, an attempt was made in section

1.3 to explain the bhasic conceptual issues around which

this chapter, a review of related literature is made
with the view to acquiring the backgroeund knowledge
fequired for an understanding of the problém of study
and an evaluation of related theories. To do this
however, no attempt has Been made to repeat the
relevant theories which have been adequately dealt with
in chapter one. Rother, attempts are focused in this
chapter on those aspects not covered by the conceptual
review and the existing empirical studies in the area.
The chapter is orgonised in 2 parts:

(1) Recent theories of.urban growth ond gtructure,

(2) Network studies,

Recent Theories Of Urban Growth And Structure
The concentric zone theory of Burgess (1723),

the sectoral hypotheses of Hoyt (1939) and the multiple
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nuclei model formulated by Horris and Ullman (1945) have
been examined earlier. Tﬁese models are however not
. mutually exclusive for both the Hoyt and the multiple nuclei
models are modifications of the concentric circle theory.
Even in Hoyt's concept, residential areas expand out
concentrically. It is obvious too that thé Americén city
of the twenties and thirties which provided Hotu upon
which these mpdels were built is undergoing important
-str;cfurol changes. Further, the traumotic';ffect of the
automobile was not really apparent in the citf studies
that furnished the inspiration for these classic models.

ConseqUently; there has been declininé relevance of
‘the troditional models of urban structure and o corres-
ponding increased need for new analytical fo;mulations.
The new formulations seek to evaluate currentAresearch
into the criteria for theories of urban spatial structure.
Some of the criteria are thot a theory must.have a dynamic

aspect if it is to have utility in representing the processes
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by which cities are structured and by which they grow.
Secondly, o theory must be susceptible .of empirical
verification such that it is caopable of being tested.
Thirdly, thé theory must have an internal logic and
consistency. Finally, the theory must:nAt be so abstract
as to have no relation to reality.

Thus, recent theories of urban growth and structure.
have been discussed in the light of theséﬁgtote;mcri;;rio.
Other theories discussed here include Meier's (1962) |
cOmmunicafibns theory of urban growth and structure;

Webber's (1963) theory of the urban place and the non-
~place urban realm; and Lynch and Rodwin's (1958) theory
of urban form:

(a¢) A Communications Theory Approach To Urban Growth

Meier (1962) conceptualizes the city in terms
of systems of interaction prompted by man's vurge to
maintain communications with his fellow man,
According to Meier, at any stage in'ﬁan's state of

development, transportation and communications
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technology supply the principal media of interaction. __
While noting that cities have always exerted o strong
attraction for growth because of the opportunities for
face-to-face transactions they offer, Meier 'holds that
technological developments ore rgducing the necessity
for face-to-face interaction and fransportction over-
loads are imposing limiting conditions on opportunities
fbr interaction through transportation systems. With
the use of communications to represent transportation,
communications becomes important as a focus for studying
the city. The communications system offers what Meier
considers to be the basis for understonding human inter-
actions and the activity systems that arise out of human
relations involved.

Meier develops o set of eight requirements for the
communications process, These are: a sender, a message,
a channel, a receiver, an intention span on the part of
the receiver, a common language, time for‘process to take
place and one or more purposes to be serve&; . According

to Meier, by obtaining a sample of communications flows
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in a metropolitan areo; information theory can be

used to construct a set of social.occounts which can

then become the basis for explaining activity systems.

.~ Meier does not indicate fully the manner in which

the framework would be Qsed in a predictive OppliCOfion.

Howevér, he suggests that his éoncept of the "urban

time budget",'which,estimotes the proportionS'of o day's

time a person would spend in vqrious forms of public

communication, would provide o means of ‘making projections.
Meier's work possesses a distinct behoviéural |

emphasis on the study of the city and tends more towards

the explanatory than the normative emphasis. His work

surely reflects o very strong feeling for the dynamic,

not_énly in fhe usval time sense but ulsq:in his concern

for constructing the evolutionary sequence in human

behaviour patterns.
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(b) A Theory Emphasising Human Interaction

Webber (1963) utilises interaction as the
basic organizing conceﬁt of his theoretical systems
of urban growth ond structure. Webber views the
vrban communities invtwo related perspectives - one
in which human interaction occurs in'o.porticulor
metropolitdn community, .and another in which it
extends to widely scattered places over the face
of the earth. He calls the first a "place community"
and the.second a "non'place community”."With modern
transportation and communicutions.development having
the effect of stretching dis£ances, he notes that
individvals, firms, organizations, and institutions
more and more have contacts, condﬁct transactions,
and maintain communicction; on a globdl bOSi;. Thus
their ties may extend to a variety of non place
communities as well as exist within o particular urbon

place. .To distinguish them from the urban place, Webber

calls these non place communities "urban realms".
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According to Webber's concept, what goes on within
the spatial confines of an urbdn place must be inter-
preted in the framework of all the ties that the commu-
nity may have with the world at large. In both the place
and non place view of tﬁe urban community, Webber empha-
sizes the importance of viewing the city as a “dynamic
system in action", This dynamic feature is traced
through "linkages" which he defines as "dependency ties"
relating individuals, groups; firms, and other entities
fo one another. He terms these "the invisible relations
that bring various interdependent business establishments, .
households, voluntary groups, and personui friends intb
working associations with each ether‘into-operating.
systems". His spatial counterpart of this aspatial
view of linkages involves:three related péfspectives.
These ufe human interactions, physical fofm; and dctivity

locotions.
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Using these three perspectives of the city, Webber
develops a cross-classification systém for‘describiﬁg
urban spotial structure. The interaction, physicol and
activity components are classified according to: size of
phenomenon, degree to which phenomenon piles'up in major
concentric forms around a point; propensity for phenoﬁenon
to pile up at points of lesser concentratiqn} degree of
pile-up per unity; relative “togetherness" of like
phenomena and finally, relative degree of mixture. On
usingﬂthis framework in the investigation qf the directions
thot future growth ond development must takg, he indicates

it would involve an analysis of interaction in terms of

the locational behaviour of various tybes of establishments.

A System tocusing Un Urban Form

Rodwin and Lynch (1958) view the c1ty as being made
up of what they call "odapted space" for the accommodation
of human activities and "flow systems" for handling flows

of people and goods.
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In their fromework, they ore concerned first
with a system for analysing urban form which they
equate with adapted space and flow systems. Rodwin
and Lynch propose evaluating urBan form by six
analytical cotggories: element types, quontity,
density, grain, focal organizotion, and generalized
spatial distribution., This six-part claésificotion
system is the basic analytical tool they propose for
classifying urban form,

The second major conceptual problem with which
the Rodwin-Lynch framework seeks to deal with is the
formulation of goals utilizing this analyticul tool.
The identification of goals is one aspect of the problem,
and the specification of content is a sécohd aspect. Rodwin
~and Lynch point out that goals, must to some extent, be deter-

mined in the normal democratic processes. They suggest that the
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choice of goals have first o human and then an economic
basis. Thus goals relotiné to urban form are fundamentally
concerned on the one‘hond with relationships between man
and man, and on the othgr hand, with the efficiency of
these relationships - maximising the return”dnd minimising
the cost in both a social cna an .economic sense. The
specificdtion of goal content derive .from thg‘onalyticcl
framework they devised in the first instance,“Thus the
goais would Be specified in terms of type of adapted
space and flow system, quantity, density, grain, focal
organisation and the spatial distributipn.pattérn, Some
would have quantitative emphasis, some would be subject
to continuing checks as to relevance and reasoﬁobleness.
The final aspect of the Rodwin - Lynch framework is
concefned with the application of the goal—fofm statements=
in the study of the city. Through the use oflgimple
cross-classification of the six components of their
system of anqiysis applied to both adapted spdces and
flow system#, they demqhstrate how these two-slements of-—

urban form interact under different goal emphases.
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In this respect, their framework has special signi-
ficance for plan making. In sum, Redwin aend Lynch

view the framework as a means for analysing urban form
in a systematic and logicqlcmonner. The importance

of a theory being a dynamic one is recognised by Rodwin
and Lynch and in the sense that the sequence from
goal formulation to form analysis in their conceptual
system is seen as a continvous and dynamic inter-

relationship it is dynamic in conception.

Network Studics

— e De—

The wunderlying ond organising framework in the
principal means of facilitating interoction of all -
types are the complex networks of transportation.
These networks give. meaning to the idea of the city

as a system.

(a) Graph Theory In Network Studies

Over the past two decades, graph theory

has been a useful tool for analysing transport
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networks., The basic aim of the technique is to provide
measures of the structural properties of real world
transportation networks by abstracting the system as a
set of points (nodes or vertices) and routes (line
segments or edges). The computation of aggregate measures
of connectivity and structure p{ovides a consistent basis
for the analysis of network development through time,
comparison of networks at various levels of spatial aggre-
gation and association of network structure wifh measures
of economic or regional development.

Although the study of transportation networks

in terms of their topological properties dates back to

Evuler's classical problem of the seven bridges of Konigsberg

in 1736, it was not until 1960 that Gorrison, w-pioneer
in theoretical geography, introduced grqph theory to the
study of transportation networks in the literqfure of
géogrcphy ﬁﬁd of regional sciencé.

According to Garrison and Marble (1965), networks

possess many different structural properties. At the
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most simple level of conceptualization, a network may

be thought of as composed of points ond lines. At higher
levels of complexity the notions of distance, capacity,
angles between lines and so on may be introduced. Networké
can be considered at different levels of qggregation either:
by (1) usingrmeasures of the charocteristics of entire
networks or (2) using measures of relationships among

links (or nodes) on fhe network. The graph-theoretic concept
has received wide application in‘geogrophy becaQse of

its quantifiable characteristics. According to Garrison
(1960), graph theory because of its relative simplicity
has the ability to look at the network system as a whole
or to look at individual parts of it in téfms of the
whole. Graph-theoretic concept has proved to be an impor- ]
tant descriptive device in the analysis of the structure of
systems and it is a ready-modemathematical structure of
considerable utility.

Graph-theoretic concept was applied by Garrison and -

Marble (]960) to regional highway networks: Nystuen and
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Vacey (1961) analysed functional connections between
central places based on graph-theoretic conéepts; Kan;ky
(1963) applied graph-theoretic technique to the study of
trunﬁportation networks. Inspite of their usefulness in
onalysing transportation networks, groph-fheoretic concepts
are in no way normative (Garrison, 1960), since the user of
the method must make rather arbitrary decisions regarding:f
the cqntent of the graph.

However, graph-theoretic concept deserves a thorough

example of an abstract theoretical system that we have.

It - is easily adapted to spatial or aspatial concerns or

mixtures of them, und-despite an historical emphasis on

transportation applications, it is not too heavily imbued
with any porticdlar geographical hve,

Network Growth And Generaotion

Apart from the Qork of Kansky (1963) on the development
of transportation networks,vother analytical and.descriptive'
studies of network grewth include those of Garrisen ond
Marble (1965) and Gauthier (1968). Although'their studies
were on a regional scale, they have impli;otibns for local

studies of route development,
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Gauthier (1968) in a study of Transportation and the

Growth of the Sao Paulo Economy, investigated the problem
of transportation development and économic change.
Specifically, he examined the development of highway
transportation and urbon growth in the region of Sao Paulo,
Braozil. The objective‘wcé to investigate for the period
1940 to 1960, the interrelationships between changes in
accessibility to the highway network and the growth of
urban centres. Gauthier determined the structural
highway network. This provided a basis for determining
the extent to which changes in network accessibility are
related to the.economic'growth of urban centres. Operationally,
the structural dimensions of the accessibility surfaces
provided measures of network accessibility at a regional
scale. Measures of urban growth were provided by the
surrogates of urhan population, manufacturing and retoil
trade activity. |

In his conclusion, Gcﬁthier noted that with respect
to the interrelationships between accessibilify and vrban

growth, the strongest association exists between the
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construction of highway facilities in the Sao Paulo
Maior Region and the development of manufacturing
activities in urban centres which have been the
beneficiaries of the re;ulfing improvements in net-
| work accessibility.

Kolars and Malin (1970) developed a post-
dictive simulation model of the Turkish_rcilwoy
system based upon populotion and topographic features.
In o;der to consider the impact of populqtion near
a route, the authors constructed a population map
points; The vtility of such a map identifies "ridge
lines" between majo; centres on fhe population surface,
;s well as population "pits". Kolars and ﬁalin sug-
gested that such ridge lines between pecks,ghould help

to identify optimum routes which give the greatest

benefit to rural farmers.
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The foregoing review indicates related
literature to the study of urban growth and
transbortofion de?elopment. The empiricol
examples cited are from both developed and |
underdeveloped environments.  The fu;ts that
have emerged from this revigw are that urban
land use is dynamic. The growth of ufban
population and the conseque;t need for greater
amounts of land is a major source of land use
change. Secondly, the amount of change and the.
direction of change can be attributed solely ta
the provision of tronsport infrastructure. In
the words of Pederson (1980), "transportation

remoins the key to the understanding of land

use change".



CHAPTER THREE

RESEARCH METHODOLOGY

The main objective of this study as identified in
section 1.3 is to examine the transport factor in the
spatial expansion of Ilorin, To do this, the study
requires a comprehensive dafc set. The“détail§ of 7
the methodology adopted are the object of this chapter.
The research design is divided into three stages (see
lfigure S.i). Tﬁesé are J
(i) Preliminary Stage;

(ii) Dato Collection Stage;

(iii) Analysis Stage.

3.1 The Preliminary Stage

The preliminary stage for convenienqe can be
examined in four parts. These are:
(a) Delimitation of study area;
(b) Mapping from ueriai photogrophs;
{c) Field checks and_updoting of maps; .
(d) Division of study area into traffic zones
for data collection. Euch-stage is

explained below:
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Velimitation Of Study Area

For a rapidiy develOping‘settlemeﬁt, the
determination of its areal extent is usually a problem.
This is more so in the case of Ilorin which hos almost
engulfed other settlements such as Amay?, Gamo, Ugidi*i
and Uke-Uyi in the course of its oreaje#pansion. To |
exclude these settlements will be cutting away areas
of systemotic movement oriented towards the town.
To include them might be considered a-"political

of fence™, It was therefore decided to define the

areal extent of Ilorin before proceeding to collect

_the required data, Various terms have been used to

describe the aoreal extent or-influence'Of the'métro-’;
pblis. Such terms include umland (Wisé, 1966); Urban
field (Smailes, 1947); City region (uickson, 1930)
ond Community of interest area (Ureén;‘l955).

" In terms of criteria to be used Smailes (1947) has
warned that one must Be aware of those economic and socibi

functions which a city performs for its neighbouring
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oreas and in so doing pay attention to criteria with concrate

measurable data., Such data include educdtion, ecnitamic
indicators, health sector, entertainment and mevement of
people among others, depending on the proﬁlemlunder investi-
gation. The fields of each criterion or function involve
plotting on a map, the distribution of the patronage for
that function. Once the distribution has beesn plotted, o
boundary line can be dIOWﬂ'to show the maximum extent of

the field (see Yeates, 1963; Toyne, 1971),

A similar approach has been used by Green (1955) to
determine the boundary between New York and Boston Metro-
politan areas. Also Carruthers (1957) explained that the
field of a city can be defined by the analysis of flow lines
on the basis of overall transportation flows between the
centre ond its surrounding area. As a result of using
frequency of taxi flows to define the boundar?es of towns
in England and Wales, Green (1955) concluded that motor
transport diffuse metropolitan influence into every hamlet

(see also Godlund, 1956). Cox (1973) also fnﬁnd that there
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is a symbiotic relationship between the city and the
surrounding areawith which it has strong movement ties,

Thus it is possible to obtain the "sphere of influence"

e © o cemeeen [

of a city on the basis of daily commuting.

Based on Green and Cox's suggestions, it was considered
reasonable to use the extent of areas sexwved by intra-city
Sus transport as an appropriate surrogate for determining
the. areal extent of Ilorin. The choice of this surrogate jg¢

particularly relevant because the problem of this research
relates to road development and urban expansion. It was
therefore decided that areas surroﬁnding Iloxin and servedv
by intra-city bus services could he determined by conduc-
ting surveys at various bus loading locatiens within the
city.

Intra-city bus loading locations were determined by
first conducting a pilot survey whereby the various bus
loading locations for intra-city bus servicés in Ilarin were

visited, The loading locations identified cre shown on

figure 3.2, These are:
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1. idiapela}
2. idiopelbi
3. Adifala)
4. Adifalb)
5. Amilegbe
6. Choillenge bookshop
7. Ministry of Works

A
hmodu &"0 Avenue

~ Fig.3.2: Map showing Intra city bus stops in liorin
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Idigpe(a) ~ This location is for trips originating

at 'Oju-dbu' and élong Abdul Aziz Attal - Umoryu Saro -
Logos route for passengers having their destinotions

at Sagmill;-Garin Alimi Hospital area; Odoto orea and
Airport,

Idiope (b) -~ for trips originating at 'Dja~- Oba' and

along Kaima route, for passengers having their desti-
nations as Pakata, Alore, Cmoda, Cloje, Adangha, Abaycwo,'
Bonni, Abeemi and Ogidi.

Adifa Junction (a) - for trips originating at 'Oja-

Oba' and along Gambari - Sobi route for passengers
having their destinations as Akalambi, Akerechiato,
Alagbado and Soki,

Adifa Junction (b) - for trips originating at 'Qjo-

Oba' and along Emir - Murtala Way ~ Offa route for
passengers having their destinations as Station, Post
Office area, Tate and Lyle, Offa Gorage, Ganmo and

Amoyo,

Amilegbe Bridge Station <~ for trips originating ot

Amilegbe orea ond along Amilegbhe - Jebha route for
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passengers hoving their dastinnations as Kulende,

Apata Yaokuba, MNPC Denot, Cke-ilvi ond Leojiki.

Challenge Bookshop:/(7) - Ministry of Works Junction

for trips originating ﬂround,Chﬂllenge‘Bookshop aren
and along Ahmady Bello Avenue -~ Fate - Tanke - Univerw
sity of llorin route for na;sengers quing their
destinotions at Tanke and Permmnent,site of the
University of Ilorin.

Interviews were conductaed ot these locations
on both drivers and passengers os to the origin and
destinations of their trips, purposes of trips;
rouvtes usuolly token by drivers, frequency of trips
and approximate time usually taoken per trip., (see
questionnaire in Appendix I). lhe'dntn collected
were analysed by volume of traoffic destined for
different locations aleng the route of terminal.
Using Dutt's (1971) technique of locating the cut-off
point for passengers' destinations on a route, the
termini were identified and represent the extent of

the city along that route, These various locations



- 63 -

were then joined using the author's knowledge of inter-
mediate areos not linked directly by rovte. Fig.3.3 shows

the result,

(b) MappingFromAéfial Photographs
| Air photographs are important in the analysis
of urban g;owth and change. The importance of air
photographs in the study of urben growth has been.
demonstrated in such studies by Lo aﬁd Welch (1977)
who monitored urban growth of thirtegn Chinese
cities through the use of LANDSAT phofogrqphs of
these cities and by Adeniyi (1980) Qh§ used sequentiol
aerial photographs ond computer fechniques to study
the growth of Lagos. Hsu (1971);~Lindgren (1971);
Christensen and Lachéwski (1976), Notkins (1984) and
Olorunfemi (1985) have also studied urbon growth
through the use of aerial photogrqphg.. In order to
monitor the growth of Ilorin, the methodnlogy used by
~ Adeniyi (1980) has been adopted in this study.
 Aerial photographs of Ilorin for 1963, 1973 and 1982

were obtained from the Survey Division of the State

U, PR e T

Ministry of Lands and Surveys.
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‘The aerial photoéraphs cvcilable are those of 1963
.on a scale of 1:12,000; 1973 on ¢ scale of 1:10,600;
1982 on a scale of 1:6,000; semi-controlled photomosaics
for 1982 photogeaph on a scale of 1:25,000. The following
informati;n were then mapped from th¢ aerial bhotogrophs:
(l) Built-up Areas (2) Major Lond Uses (3)'H§using Types
(4) Main Road Nefworks.

Urban built-up areas encompass land that is used
for housing, commerce, industry, institutions, recrea-
tional facilities and open spaces, tronsportation
fucilities and uvtilities (Adeniyi, 1980).‘ The built-

Up areas were identified on the basis of use which
can be essentially and directly observed on cerial
photographs.

To obtain the built-up areas, each pﬁbtograph
was overlaid with transparent paper and each land use

type transferred on to the transparent overlays.
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The interpretation was carried out with the aid of a mifrqr
stereoscope. The different land uses were transferred to
transparent overlay ond marked with each land'use code
(see Adeniyi, 1980). The area of each land use was then
calculated vusing the dot grid method (OlorUnfehi, 1981).]
The total area for each land use category waé'obtained by
summing up the areas of this use over the éntire analysed
area. The area of each land use type was then eXpressed
as a percentagg of thg total Land‘ureu in:the city. These
were done for the periods 1963, 1973 and 1982.

Different housing types were also mapbed from the
1963, 1973 and 1982-oerial photographs uéing mirror

stereoscope. This was to find out the growth of the different

1. The avthor is aware of Olorunfemi's (1985) work on this but
still had to do his because this work was- done-for—a—
different purpose. The author is grateful to the Survey
Division for the materials and equipment. made available.
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house types in the city over fhe study period. Three
housing types were identified for this study. These are?-
(i) Indigenous houses;
(ii) Barrack/flatlets/bungalow;
(iii) Uncompleted houses.

This classification was to aid identification os the
three house typés were identifiable by their different
characteristics (see Ulorunfemi, 1984).

The technique of measurement employed was the
house counting technique (Lindgren, 1971).'.The house types.
were transferred onto transparentnovériay using different
colour dots f;r each house type. The summation of the
different dots gave the number of houses in each cétegory.‘

Road networks for the ;ity were simila;ly maﬁped for
the years 1963, 1973 and 1982 from the aerial photographs.
Three different categories of roads were'mapbed. These
are:s |

(i) Major arterials;
(ii) Minor arterials;
(iii) Collectors.

This classification Qas to aid ;dentificction as it was

¥
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possibie to differentiate these categbries from the
acerial photographs through differences in their widths.
The different Foad categories were also transferred on
to transparenty overlays using different'coldurs for
different road category. This exercise formed the
basis for further analysis of road networks for the

city.

(c) Fieldchecks And Updating Of Maps

tield checks were carried out to update informa-
tion obtained from aerial photographs. This is to
ensure the inclusion of more recent infqrmation on the
study area that were not available on the air photo-

graphs and also to obtain ‘ground = truth' on some éf
the information on the aerial photographs.

In order to update the map, the»1982 aerial photo-~
graph for Ilorin was used. tor logistics, the built up
area of the city was extracted from the aeriél photogrqphv
and the map divided into four zones. -These zones were
visited by field assistants and new development areas weré
mapped., With this method, it was pos;ibie to produce an

N

updated land use map of Ilorin for 1988,
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£

Division Into Traffic Zones For Dota Collection

Information required in large detoils in the
city include socio-economic information, trip infor-
mation and troffic data., For the purpeoss of grouping
origins and destinations of movements, the study area
was divided into traffic zones. This was to allow '
for meaningful comparisons between various areas
within the city and to permit easy oggregation of
data,

In conventional urban trunspertation studies,
internal traffic zones are defined using topographical

barriers in conjuction with natural troffic catchment

areas to delineate boundaries. These rones are then

further subdivided on the basis of similari££;s in
land vuse, population, employment and envivonmental
characteristics (Bruton, 1970),

In the case of Ilorin, these hus not heen any
major transportation study for the city in zocont

times. The land use map of Ilorin obhtainad from tha
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wan Planhing Autﬁqrity Office shows poqkets of small

land uses within dominant areas. This made cldssificatioﬁ

on the basis ﬁf land use alone difficult and inappropriate
for dividing Ilorin into traffic zones. Trips in Ilorini'
are governed more by major use areas and main routes.

Thus trqffiﬁ zones for the city were obtained by cquidering
factors of predominant land uses and functional zones and
also transportation networks. T%e predominant land uses
were identified and the main routes providing access to

them were used to delineate their boundories; The mdjor

land uses in the city ore residential, industrial, . commercial,
institutional tronspo;tational and mixed lana vses, Based
on these, the following traffic zones were obtained:

1. Adewole: This zone pompriSes Adevole, Agunbelewo,
Vlorunshogo, College of Education, Pqiifechggc

Mini Campus, University of Ilorin Nini.Campus and
Agbo Uba. This zone is chcrccterised 5y new private
.luyouts'of residential, commercial, indﬁsfridllénd
institutional vuses, ‘
2. IBoboko - Stadium: This zone-comprises-of Baboko area, -

Uko-Erin and Stadium areas, The~zone.stfetches



- 71 -
along Abdul Aziz Attah road and eastwards
towards and beyond Taiwo road to Stadium

- areas, It is pqrtly inhabifed by both the

indigenes and also the non-indigenes.

3. Central Area: This zone includes thelcentrol core
and the Emir'; Palace; the Cent;al Jumaat
Mosque and the indigenous high density
residential quarters of Algnqmu,‘Gombari,
Idiape, Oju-Ekun, Asunnara, and Okesuna areas,
Thig zone contains the co;e of;commefce, recre-
ation and locai administration o}'the city ond
the spatial pattern of urban‘growthlin Ilorin

began with this core.

4, Gaa Akanbi: This zone is an extension of new areas
of private layouts and comprisés of Gaa Akanbi,
Atikekere - 0il Pipe Line; Ero=Umo, Olunldde,
Ita Alomu ond stretching'to Ganmo and Amayo.

5. Gao Imam: . This zone contains the muj9r ipdustrie§ in the

city such as United Match Company, International
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Tobgcco Company, Kwara Furniture ﬁanufucturing
Company, Afro Works and the Kwara Transport
Corporation, ‘It has a few résidentiul buildings
with Gaa Imam being fhe nucleus of this

residential development.

6. Reservation Area: This zone is the Government Reservation
~ Area and consists mainly of Low Density Residenfial

developments. Its western boundary is Murtala
Mohammed road along which mojor:commerciol
establishments can be found. These are C.F.A.0.,
G.B.O., P.Z. and also ‘the Banks, Post Office,
NEPA Office. G;ufted‘to this low density oreé
is the moiniadministrative cenfré f&r the State
Minisfries, Parastatals and other pffices located

therein.

7. Kulende - Tanke: This comprises of Kulende and Tanke

areas. The Kulende portion contains a medium

private layouts.. It also includes Oke-Andi, Apata
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Yakuba, The Tanke portion is an extension of'
both government and private layouts with develop-
ments stretching from Niger River Basin Quarters,
Fate Village and Tanke Villages 6nd along the new
University of Ilorin récd including.new government
residential layduts to the south-eostérn boundary -

of the zone,

8. Oke-Oyi: This zone compfises‘of settlements around the
NNPC Depot; Oke-Ose and Oke-Oyi., It forms the

north-eastern boundary of the study area.

9. Odokun-Odota: This zone comprises of Odo-Okun, Osere,
Joro, Aiyetoro and Odota areas. mi1'ism;n o
extension of private layouts and centains

re;identia1, eommerciul and - -indestrial uses.

It forms the southern boundary of the study erea,

. .104-.0lejes .. This zone. consists mainly of Pakata, Adeta,
Okelele, Oloje, Akalambi, and ©@jagboro areas.

This zone is an extension of the certral area
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and is inhabited in the main by the indigenous
population. Areas such as Abe-Emi end Ogidi;-
wvhich have been engulfed by the spatial expansion

of the city are included in this zone,

Sabo-Oke - Amilegbe: This zone encompasses Amilegbe

Sobi:

i

area and Sabo-Oke. Sabo-Oke is the earliest
settlement of "strunger;“ or non-indigenes in

the town and it contains residentiul, institutional
and commercial developments, The Amilegbe portion
is an extension of new areas beyond the central
core containing also residenticl, commercial and

institutional uses.

This zone comprises of areas towards Sobi Barracks
including Akerebiaota and is an extension-of new
private layouts to the north-east of the indigenous

portion of Oloje zone.

)

13. University-Polytechnic: This zone comprises of the

permanent site of the University'of Ilorin and

the permanent site of the Kwara State Polytechnic.
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It contains institutionol developments with
residential quarters for staff of these institutions.
These enumerated subdivisions form bfoodly the traffic
zones for the study area. (Fig 3.4). The data collected
from these zones were required for the uqderstonding
of the state the art of the transport sygfem in Ilorin.

Dota Collection Stage

Although five parts have been identified in the
research design under the data coilection-stoge, in
terms of procedure of data collection, this can be
aggregated into the following: (i) Uafo from aerial

photographs (ii) Field work.

(a) Qota From Aerial Photographs

following the methods identified earlier
for mapping from aerial photographs information
ond main road networks were extracted from the

aerial photographs.
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Field Work

Household survey, road quality survey and troffic
surveys were carried out within the 13 troffic zones
in the city. wvata weré also collected on factors ofi
urban exponsion.

The household survey was carried out to collect
data on the. socio-economic chéractefistiés of the
inhabitants of the city. As it wus‘ﬁgi_p9§§}blgﬂi§

interview all the households in the city, a sampling

technique had to be employgd. To ensure that the

‘scmple'is representative of the entire population

and for adequate coverage, households included

"~ were distributed uniformly throughout the study area.

In conventional transportation  study, Bruton
(1970) recommends a sample of lin 15 dwellings for a
city éf similor size as Ilorin. To adbpt this sample
size is to amass a very large amount of data which
the author may not be able to cope w%fh éonveniently.
Since the objective of this part of the work is just

to obtain the generalized movement pattern for the
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understanding of the tronsport system of the city, a
sample of 1in 20 was selected; To do this the first
dwelling unit sompled‘in the systematic procedure was
selected by field assistants at random and the next
dwelling vunit selectéd.using the systematic sompling
.procedure of one in twenty dwellings. Thewsompling
was done on dwellings along main streets. Two field
‘assistants manned each of the traffic zones identified

and with prepared questionnaires (see Appendix I),

information were collected from households. iThéminfo;mafién
collected include the.address of the dweliing vnit, and
the demographic, sociql and economéc characteristics of
members of the households,

Because of time contraints, 'the household head énd
two other members of the household above fiffeen years of
age were interviewed.

In addition, information abéut all the’fravels of
members of the households within the last forty-eight
hours were obtained. The origin and destinétion of each

trip, together with its purpose, the travel mode used

and time taken were noted.
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Road quality survey was also carried out for sampled
roads in‘the city. The objectivé in the road quality survey
was to obtain information for describing and categorising
the roads in Ilorin. Various indices can be used to
determine road quality. OgundanaL(1972) Has however
suggested some indices which can be used in o developing
country like Nigeria, These are width of raad, capacity
of road expressed in terms of number of lanes;zsurfoce
condition of road; type of surface, period of motorability
and road facilities.’ .

Thus the information sought and collected through the
use of questionnaires (see Appendix I) include road width,
capacity of road, surface condition, type of'surface, period“
of motorability, road facilities avqiloblé ana period of
construction,

Due to time and cost constraints, it was net possible
to survey all the roads in the city. Thus a sampling teghniqué
was adopted. The sampling involves first sfratifying the
road networks in the city into four categories by drawing

North-South and West-East lines accross the middle of
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.the‘rood network map. The'roads in each quarter of the
subdivision were then allocated numbers. ?;;mpé;;;nti;Fw
the total number of roads in éach quarter was then selected
_through simple random sampling. A few mujor‘rouds consideréd
important but not selected in the random sqmplelweré added
to the sumpie. The roads selected are: (I) Jebba road,
(2) Kaima road, (3) Oko-Erin road, (4) New University
road, (5) New Yidi rood, (6) Reservation road, (7) Opo-Malu
road, (8) Adewole road. These roads~were~then identified
on the road network map and used for the sd;yey. Information
regarding ownership, maintenance_and yeor-pf‘constrUEtion
of the roads were also obtained from the State Mihistry of
Works.

Traffic surveys weré also carried out along sele;ted
roads so.as to determine the traffic patt;rn in the éity.
As it was not possible to conduct traffic surveys on all
the roads in the city the roads selected fét the road
quality survey were also used for the tréffic_surveys.

The traffic census involved a volumetric count with traffic

classification along the sampled foads. Surveys were carried.
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out at predetermined locations along the roads during the
peak periods of 7.00 - 8.00 a.m. (morning peak) and 3;06 p.m. -
4,00 p.m., (afternoon peak). Counts were done by volume of  |
flow and vehicle types (see Appendix I)."fﬁé choice of
peak periods for the surveys is due to therfoct that peak
period studies‘provide important informction cqﬁcerning
the practical cupacities'of urbdn‘rocds cs’they are the
periods when the roads are éarrying the highest volume
“of traffic (Salter, 1974).

In order tb explain the morphology of_Ilorin, factors
of urban expansion were identified. Such identified factors
can be used for the prediction of future morphology of thé_
‘city. Some of the factors considered to be responsible fori
urban expansion are: housing demand, imprgved accessibility,
improved standard of living, improved social ond infrastruc-
tural facilities, industrialisation and land use tybe.
As some of these factors cannot be measured directly,
surrogate measures were used for them, Poﬁqlution was used

os a surrogate measure for housing’demand; Length of roads

in the city for different periods was used as a measure of
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improved accessibility. Per capita income was
used as a measure of improv;d standard of living.
Enrolment in schools was used to measure improved
social and infrastructural focilities; Employménf
in manufacturing was uséd to measure industrali-
sation. tmployment size wa$ used as a'meusure of
land use type.

vata on factors of urban expansion‘were
collected from various secondary sources. wata
on population, per capita income, empioyment in
manufacturing, retail'trade,'totcl'§Mployment und
vehicles registered were collected from records
of the State Ninistrj of ktconomic Vevelopment
while data on road lengths were collected from
the Ministry of Works. vata on schbqls»Enrolment
were coilected from the Stut;,Schools,Bourd,
Ministry of Econemic Levelopment and Ministry of
tducation, while data on water consumption was
collected from the State Utility Board. wvata on

land cost were cpllected from records of Iloxin

Local Government Estate Deportment.
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3.3 Analysis Stage

Thé.techniques of analysis used in this
study include descriptive techniques, tabula-
tions and cross tabulations, explanatory
techniques such as dgraph-theoretic technique,

. factor analysis, multiple regression, corre-
lafion analysis and forecasting tecﬁniqbes
such as Monte Carlo Simulation. These various
techniques have been discussed and apﬁiied
appfopriutely in the relevant portions of

subseqbent chapters.



CHAPTER FOUR

ROAD SYSTEMS AND INTERACTION PATTERNS IN ILORIN

From chapters one and three, it hds‘beCOMe
very impbrtont to understand the existing transport
sitvation in Ilorin before expmining the effect of
the transport system on the spatial expansion of
the city. It is to this aspect the chapter now
turns.

This chapter which therefore examines the state
of the.ort in the trdnspoftafion system éf Ilorin is
discussed under the foilowing sub-headings:

(i) Pattern of vehicular traffic,
(ii) Characteristics of intra-urban trips,
(iii) Spotial pattern of intra-urban trips.

This subdivision maokes it possile to identify
the traoffic pattern in the city and the spatial pattern
of ihtra-ﬁrban trips which are considered important ih

the growth of any city.
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Pattern Of Vehicular Traffic

Traffic surveys were carried out on ccmpled.
roads so as to determine the traffigw;aff;;n i;“w
‘the city. The procedure for selecting roads for
the survey has been discussed in chupter'III.

For the roqu(gelected, the following surveys
were carried out, |
(i) Road quality survey;

(ii) Traffic volumes and characteristics.

The roads surveyed are as shown on tig.4.1,

(a) Genéral-uescription Of Sampled Roads

The roads selected for the surveys are:
(1) Adewole road (2) Jebba rood (3) Kaima road
(4) New University road (5) New Yidi road
(6) Oko-Erin road (7) Opo-Moly road (8) Reser—
vation road. Table 4.1 shows details of the

" selected rdods.
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Table 4.1 Selecfed Roads tor Traffic Surveys

Name of Road

Traffic Zone

Body Which Owns
The Road

Adewole

~Adewole Kwara State Govt,
Jebba Kulende-Tanke ‘| Federal Governﬁent
Kaima Oloje Federal Government
New University]| University - |Kwara State
, ‘ Polytechnic Government
New Yidi Baboko-Stadium| Kwara State Govt.
Oko-Erin Baboko-Stadium Kwara State Govt.
Opo-Malu Central Area |Kwaro State Govt.
Reservation Reservation. .

Area Kwara State Govt,
Source: Author's Field Survey, 1988
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.
)

The roads selected for the éuryeys differ in terms of
standord and maiﬁtendnce; For instance, Adewole road
functions as a link between the commercial belt of Abdul
Aziz Attah road and the indigenous residential quarters
of Kuntu, Adeta and Pakata. It also connects the city
with Adewole Housing Estate and Government High School.

This road carries predominantly intrao-city traffic and is
owned and maintained by'the Kwara'State_GoVernment.

The other surveyed roads owned.by the State Government
are New Yidi road, Oko-Erin road, OpofMolu road and |
~ Reservation road. The New Yidi £ocd serves as a by-pass
for traffic between the northern and soufhé;n parts of
the country and in terms of local.importaﬁcé[ the road
collects troffic from Stadium rocd{.Unityjrocdband Osere
road to feed Asa Dam road and the commercial and industrial
land use zones along it. |

On the other hand, Oko-Erin road is .a single carriuge-‘
way and serves the residential éreus‘of Okézg;inLWOdokgg
and Osere village. The road also éerveg Atoto éress Ltd;

Government Girls' Day Secondary School and . is an alternative

route to Odokun motor park.
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Opo-Malu road is also a siﬁgle carriageway and is
one of the busy roads within the Central Area of the
city and serves as both o residentiaol and commercial street.
The road carriesessentiallyloéoltroffic and links the
heavily commercial Emir’'s roaa with Saboline and Michael
.Ibru road (formerly Amilegbe road). To the northern
end of the road is the Ipﬁtu market which is one of the
busiest commercicl centres in the town.

Reservation road is also one of the busiest roads
within the Government Reservation Area. The road links
‘fhe Kwara State Secretariatlwith Fate road. It is also
a feeder fo Scadu Alanamu road, Fate road and the New
University of llorin roqa. |

Jebba road ond Kaima road are both owned and
maintained by the Federal Government. They are both
amongst the earliest Trunk A roads built by the Federal
Government to link different regionsvof the}country.
Jebba road carries both intra city and through traffic

os it links the city with the Northern parts of the
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village, Oke-Andi and the Kwara State Polytechnic.
Kaima road on the ather hand serves to link the city with
Kaima, Shaki, Kishi, Igbéti and other settlements to the
western bounduronf the country. At the intra-urban
~level, Kaima road serves to link thevindigenbus quarters
of Omoda, Oju-Ekun, Babata and Oloje. It also links the
city with Ogidi quarters, the Federal Government College
and various other institutional land uses to the western
part of the city.

New University road is a single curriogeyqy linking

the permanent site of the University of Ilorin with the

[ e

rest of the city. The road which carries only intra-

city traffic serves also to link Tanke village, Government

Reservation Area and Fate road. ,

(b) Road Quality Survey
| ~The quality of these roads were determined
using some indices of road quality. Indices used
include

(1) Type of road surface;
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(2) Condition of road surface;

(3) Width of road;

(4) Road vehicular capacity;

(5) Period of motorability;

(6) Seasonal condition of surface.

These various measures of road quality are of
varying significance. The allocation of weighting
scores to each of thg measures can be effectively
employed to take care of these differences.

In assessing road quality in Ife division, Aloba
(1975) alloted weighting scores in order of importance
to each road's gybattributes.-

For instance, in the assessment of f;;g of;gurfEE;}
Bituminous surface was considered best and awarded a score
of 10, gravel surface was>owardeq 5 whi;g earth surfo;e
was.owarded 1. In terms of condition qf road surface, "smooth -
surface was considered best and'oﬁard@d_]@ while rough surfdce
was awarded 1 point. 1In this study, Aloba's (1975)

methodology has also been adopted for asséssing road quality.

Table 4.2 shows the weighting eﬁployed for the analysis
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while Table 4.3 shows the assessment of the sampled

roads using the weighting scores in Table 4.2,

Table 4.2~ . Weighting For Road Quality Assessment
Index Neighting 10 Weighting 5 [Weighting 1
Type of Surface Bituminous | Gravel . Earth

Condition of Road

Surface Smooth Fairly Smootl Rough
Width of Road. . N .

In Metres 14m or more 7 -1 Métré# 3-4 Metres
Road Vehicular .

" Capacity Four Lane - Two Lane One Lane
Period of Portially . Strictly
Motorability All yeor Round | Seasonal Seasonal
Liaoble to Flooding Not Not liable | Liable to

| Applicable to flooding flooding

Sovrce: Author's Data Analysis, 1988

From Table 4.3 it can be observed that Jebba road
ranks first in terms of overall road quality
scoring 14.19%. New Yidi and Reservation roads rank

second scoring 13.89% while Adewole and New University.



Sampled Koads And Their Attributes

chl¢ 4,3

Sea~ Surfcce Type FPeriod W{idth Copacity“ Percentage
Name of Kkoad sonal Condi- of bf Pioteor- of of Scorel of
' 1 Condi-| tion | Sur- hbility | Road | Koad Tetal
+ion Tace - : ' Score
Adewole Not fairly| Bitu- [All
_ v floo- | Smooth| minous]Season | 17.00m Two Lane 40 12.35
dable
Jebka FlOO- Fairly Bitu- jAll )
dable Smooth| minous| Season 26.0m | Four Lanej 46 14.19
. Floo- | Fairly| Bitu- |All ,
Kaima dable Smooth | minous|Season 8.6m | Two Lane 36 |1.11
Ney . Not Fairly| Bitu=- ALl 9.0m | Two Lane |} 40 12.35
University Floo- .
dable Smooth| minous| Season
. e Not .. '
New Yidi Floo- | Smooth| Bitu- |All 11.0m | Two Lane | 45 13.89
dable minous| Season
. Floo- . Bitu- | All
Oko -
o Erin dable - Rough minous| Season 7.95m) Two Lane 36 11.11
, Fairly .
Opo - Malu Floo- Smooth B%tu- All 10.8m |Two Lane 36 11.11
dable minous Seusonv
Reservation g:;f; Smooth | Gravel Segson 11.0m |Two-Lane 45 13,89
Source:

Author's Data Analysis, 1988
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" roads rank fOUrth."Kuima road, Oko-Erin road and
Opo-Maluv road rank'sixtﬁ.

The characteristics of the sampled‘roads as
calculated from the weighted indices is as shown on
Table 4.4. The Table shows that 93.33% of the sampled
roads are bituminous surfaced while the percentage of
those with gravel surface is 6.67%.

Majority of those roads with bituminous surface are
not liable to flooding. A total of 97.29% of the roads
have smooth or fairly smooth surface. Only 2;7]% have
rough surface. Further, most of the roud$ 7?.78% are of
two lane while the four lane roads constitute only 22,22%
of the sample.

The results show that there are more “todds &Ff bituminous
surface than either gravel or earth surfaces in the,éity.
Also, most of thé roads are fairly smooth with average
| wiéth of between 7 - 11 metres. in additioﬁ, most of the
roads are of two lane, with all of them motorable throughéqt

the year and only a few of them are liable to floddings.
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Table 4.4: Characterisitics Of Sampled Roads

Attributes % of Sample
1. Bituminous Surface 93.33
Gravel Surface 6,67
Earth Surface o
2. Smooth Surface 43,24
Fairly Smooth Surface 54.05
Rough Surface 2,71
3. Width of 14m 22,22
7 - 11m 77.78
3 - 4m 0
4, Four-lane Road 22,22
Two-lane Road 77.78
One-lane Road -0
5. All Year Round 100.00
Partially Seasonal 0]
6. Roads Not Liable To Flooding 92:31 -

Roads Liable To Flooding

7.69

Source: Author's Data Analysis, 1988
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In terms of land use concentration and road quality,
the best roads in the city link Hnst;tutional, industrial
and reservation areas of the city. This is exemplified
by the scores of Jebba road, New Yidi, Reservation and
the New University road. The other roads viz. Kaima,

Oko - Erin, Opo - Molu sérve predominantly residential
land uvse. It is noteworthy that while the Federal quern—
ment owns and maintains 25.0% of the roaods; the Kwara

State Government owns 75.0%.

Road Facilities

The road facilities studied are drainoge facilities, .
"parking chilities, road signs, street lights, traffic

‘lights, pedestrian crossings and the provision of traffic

wardens within the segments of roads studigdo Table 4.5

shows the analysis of facilities on these roads.
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Table 4.5 Road Facilities On Studied Roads

] | —
Ped? Traffic Street P?r Road Tr9— Droi-
Name of Road |strian Lights IlLiahts king Sians fficlnage
Crossin91 9 A 9 Foci- 9 War-] Faci-
lities dens| lities
Jebba - - X - X X x
Kaima _ - - X C - . x | =
New
University - - - - - - -
New Yidi - 1 - < x | - - -
Oko-Erin - - - - - - -
Opo-Malu - - X - - x | x
Reservation - - - - - - - -

Source: Author's Lata Analysis, 1988

X Available

-  Not Available

The analysis of rgad facilities shows that none of
~the studied roads has pedestrian crossing#, traffic lights
and parking facilities. Further, '3 of the roads represen-
ting 37.5% have street lights while 2 roads representing
25.0% have road signs. Also, 3 roads each representing

37.5% have both traffic wardens,aﬁd drqinoge'facility.
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The analysis shows a generally low level of provision

of facilities on cll the studied roads in the city. While

the low provision of pedestrian crossing facilities contri-

bute to pedestrian - vehicular conflicts at intersections
and other major traffic generating points; Inadequate
provision of traffic lights and wardens, affects circu-

lation at junctions. Inadequate provision of street

' : !

4 lights increase accident rates at night on these roads

while lack of parking facilities -encourage on-street
parking leading to reduction in effective roaﬁ‘widths.
Non-provision of road signs mislead motorisfs while lack
of drainage facility on these roads leads to occasional
flooding during the.roiny season. The assessment of road
facilities on the studied roads thus suggest that many

of these roads need improved provision of facilities so

as to increase their performance.

Traffic Volumes And Characteristics
-Traffic census was carried out on all the selected
roads to determine the flow patterns. The method used for

the surveys is as explained in chapter II1.
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Table 4.6, ond figﬁres 4.2 and 4.3 show: the average
volume of traffic alqng‘the sampled roaés. - The table shon$
that for both morning and afterncon peoks, Jebbo road ;eco?ded |
the highest volume of traffic amongst the sompled ro;dg the;e

are 20.76% and 25.61% of total volume‘respectiVely, This is -

followed by the New University road with 16.98% and 14.90%
for morning and afternoon peaks respectively.. .. -
New Yidi road ranks third recérding 13.32% (morning
peak) and 15.96% (afternoon peak) while Upo-Malu road
‘recorded l2.6j% (mornihg peak) qnd'14.37% (g*ternoon peak).
The flow along Jebba road exgmplifiés thé gateway
functian of Ilorin. This is the only route by road through
Ilorin connecting the northwestern and southwestern parts offh;
country. Besides, it ;ervés Kulende residenticl estate,
the commercial and residenfial areas of Kuleﬁde at the
éutskirt of the city, OyuniPolice Barracks, School for
the Hundicapped ond the Kwara State Polytechnic. Thus it
carries a significant proportion of both through>and‘;ocol

traffic.
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Table 4.6 Average Volume Of Traffic Along Selected Roads

3.

4.

7.

8.

Census Point

Adewole at
Post Office

Jebba Road
at Kulende
Estate
Junction

Kaima Road
at Akodudu

New Univer-
sity Road at
Sofadin
Departmental
Store

New Yidi
Road at
Circular
Hotel

Oko-Erin .
Road at
Exodus Club

Opo-Malu
Road at
Alofia
Hospital
Reservation

Road at Agbal

Ornamental
Park

Morning Peak

Afternoon Peck -

VPH

PCU

% of
PCU
Total

VPH

PCU

4 of
PCU

Total

490

1,134

514

1,043

769

422

792

816

475.3

1,245.5
503.5
1,019

799.3

400.0

756.8

801.0

7.92

20.76

8.39%

16.98

13.32

6.67

12.61

13.35

460

1,488

548

950

974

395

972

514

 454.0

1,649

' 537.8
 959.5
1,027.3

375.5

- 925.3

 509.5

7.05

PR

25.61

8,35

14.90

15,96

5.85

14.37

7.91

Total

5,980

6,000. 4

100,00

6, 301

6, 437.9

100. 00

VPH re
Units.

Source:

Author's vata Analysis, 1988

pre§ents.Vehicles Per Hour, PCU represents Passenger Car
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_ Fig. 4.2 Average volumes of iraffic along selected routes in Hlorin (Morning peak).'



- 102 -

.\
—_
\

\
Road °

/ LEGEND

&
x /' -=. == Boundaryof Study
an. . arec
/7 Major road

/ 1 HHHH  Rail line

N 0-500
501—-800
801-1000
0] 2km .
L 1001- 2000

No of vehicle per hr.

Fig 4.3.-Average volumes of traffic along selected routes in llorin{Afternoon. peak).
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The Mew University road, because of its role as the
link to the main campus of the Uﬁiversity of Ilorin
carries a significont volume of daily treffic. Aport from
the staff and students of the University who moke daily
trips to this site, the University Secnndozry School is locgted
here. The Educdtionol Resource Centre of the Kwara State
Minis;ry of Education is another institufional land use
attracting traffic along this road. Further, the New
University road is the only major link betwéen the city
and Tanke village which is becoming one 6fthe fastest
growing residential areas in the city.

The proportion of fraffic recorded by the new Yidi
road goes’to confirm its role as an importdni carrier of
both through and local traffic. Also, the importonce of
Opo-Malu road as one of the busiest intramcity traffic
arteries in the city is reflected in the peréentage of total
traffic volume recorded by it.

Reservation road is another importont road amongst the -
studied roads as if recorded 13.35%¢ (morning peak) ond

7.91% (afternoon peak) during the survey. Flits 15 on ifpoxtant
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service road conhecting the Government Regervation Area
with other parts of the city.

Adewole Street, Kaima Road and Oko-Erin Road account
for a total of 22,98% (mqrning peak) and 21.25% (afternoon
peak) of total fraffic volume, w%th the excéption of
Kaima road which carriés qu volume of inter-city traffic,
these three rdads carry mainly intrufcity tra%fic to pre-
dominantly residential quarters in the city.

In terms of road cqhacity , most of the roads
studied hove not exceeded théir design capccifieg.
Although Jebba and New University roads carry high volumes
of traffic during peak periods there are no rééfrictions_on
the roads. : ' B

However, with the spatial eipansion of the city, more
réqu will be needed and the demand on the ékistiﬁg roads
'wili increose;' Tﬁus tfaffic flowslalong mcjbf'roods in
Ilorin need to be monitored regularly so thotAthe design
capacities of these.roods are not unduly excéeded. The
conﬁequence of 'over ioading' any stretch of'joud beyond

its design capacity is traffic congestion. As explained
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earlier,xolthough traffic congestion is not yet a common
feature on most streets in Ilorin, signs of potential
bottlenecks are imminent (Ogunsanya, 1986).

In terms of'traffic characteristics, the following

vehicle categories were recognised. These are motorcycles,

e

motor cars, including taxis, Mini Buses, Pick-ups, Lorries
and Tippers, Big Buses, Trailers and Tractors. Appendix Il .
shows the percentage distribution of vehicle ,types along

the sompled roads in Ilorin.

3

The analysis shows that an average of .54,91% of all
‘vehicles counted consisted of motor cars. This trend goes
to show that in Ilorin, motor cars dominate the traffic.

Motorcycles'recorded an aQerqge of 24.54% while Mini-
buses and Pick-ups accounted for a total dQerage of 17.21%.
Lorries and tippers, Big buses, trailers and tractors
constituted o total average qf‘4.6l%.

The highest percentages of traoilers and tractors were
recorded along Jebba road (3.56% Jand also on New Yidi road
(3.12%), These two roads are the main carriers of trailers
passing through Ilorin to the Northern and Southern parts

of the country:
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Fig,4;..ZiZGraph of average distribution of vehicle types along selected routes in llorin.
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The highest percentages of Minibuses during the survey
period wererecorded on Kaima road(56;42%)and also on Jebba 
road(24.07%), Thesé two roads are amongst fhgndesignoted-
rovtes for intra-city bus service in Iloriﬁ.'

Overall the distribution of traffic VOluﬁes along

.selected routes in llorin depict the trend of growth of

the city. Nhefeus the only major north - soufh roufe
carrying the highest amount of tr;ffic in the early sixties
was the Emir's road, the expansion of the city including

- its road networks has resulted .in the sharing of traffic
volumes between other roads in the éity. For instance, the

New Yidi road has been serving as an effective by-pass for

carrying through traffic that would otherwise have attempted

to pass through the heart of the town thereby causing traffic

congestion, Also the land use distribution has had signi-
ficant effect on the distribution of traffic volumes. For
example, the location of the main campus. ~.of the Univer—
sity of Ilorin to the north-east of the city serves to share
traffic that would otherwise have concentrated on Abdul

Aziz Attah, Taiwo and Lagos roads as a result of the former

location of the University on the Mini Compus. So also is
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4.2 Characteristics Of Intra-Urbon Trips

Trip making is essentially concerned with
movement Between origins and destinations. Because
for work, morkets, recreation and shopping, trips
made by urban dwellers result in various spatial
patterns which cbmé about as a result of passenger
~traffic interchange befween‘the variﬁﬁs‘origins
and destinations. Interzonal trips make it possible
to measure the functional link betwgéh zones and
the spatial differentiation. of activities. Thus
functional regions of an urban centre can be identified
tﬁrough a Study of the pattern of passenger movements.
The pertinent characteristics of intra-urban
trips investigated here are the socio;economic
characteristics of trips makers, the:modes and
purposes of trips and the spatiacl putfern of such
trips. Such an approach makes it pos;ible to discern
the trip - generating and attracting cupobity of various

land use types or zones of the urban system.
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(a) Socio-Economic Characteristics Of Trip HMaokers

A total of 1,870 peopie from oli.the 13
‘zones of the city were interviewed dUring the
socio-economic survey,

The socio-economic information obtained
from the réspondents iﬁclude age, Séx, marital
status, educational background, occbpation and
income.

Table 4.7 shows the age strqcfure of the
respondents. It can be observed tﬁqt 34% falls
in the 21 - 30 yeors age group, Respondents in
the 31 - 40 years age group account for 24,17,
those in the 41 - 50 yeofs constitute 20.0%

while respondents above 50 years account for only

8.0%
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Table 4.7 Age Structure Of Respondehts 

Age Group No of Respondents % of Total
15 - 20 375 20.0

21 - 30 637 34.0

31 - 40 450 24.1

41 - 50 | 259 13.9
Above 50 149 8.0
Total 1,870 100.0

Source: Author's vata Analysis, 1988 - .. ———

The analysis reveals that respondénts in the more
active age.grﬁups of 21 - 50 years constitute a total
of 72.0%. The teenocge group of 15 -~ 20 ye;rs cnd‘the
older age group above 50 years tonstitute a.total of
28.0%. These age groups are less active than the 21 -
50 years age groups and will therefore have less impoact
on the transport system of the'town.

With respect to the sex composition of respondents

1,155 representing 61.8% are males while 715 representing
38.2% are females (Table 4.8). To the extemt thot men ore
the heads of households, there is more deﬁand on transpor-
tation by men than women to meet the daily needs of their

households.
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Table 4.8 Sex Of Respondents

Sex No of Respondents| % of Total
Male 1,155 61.8
Female 715 38.2
Total 1,870 100.0
Source: Avuthor's Data Analysis, 1988

In terms of maritol status,

1,346 respondents

representing 72.0% are maorried while 498 representing

26.6% are single,

widowed.

Only 26 respondents or 1.4% are

In Ilorin, early marriage, especially

amongst the indigenous population is u'pOpulor

practice. Such a pattern of marital status has

implication for demand for more housing by couples

and consequent physical growth of the city and

transport development to meet the increaosed demand.
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Table 4.9 shows the pattern of the educatienal
level of the respondents. Ftrom the table, it can be
observed that 29.5% of the respoﬁdents have secondary
education while those with primary education constitute
18.2%.

Table 4.9 Educational Level Of Respondents

Qualification Nof Of Respondents| % of Total
No formal Education 313 16.7
Primary Education 340 18.2
Secondary Education 551 29.5
University tducation 332 17.8
Koranic Education 131 ' 7.0
Viploma Holders 203 10.9
Total 1,870, - 100.0

(8

Source: Author's vata Apnclysis, 1988
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Respondents with University education
account fo; 17.8% while those without any formal
educotion constitute 16.7%. Diploma certificate
holders and those wifh Korahic education account
for 10.9% and 7.0% respectively. The pattern of
educational level of respondents shows the people's
acceptance of western education. In-Forin, Korenic
education had wider acceptance amongst theAindige—
nous population until‘the early part of the 20th
"centur? whén western educatisn diffused the trend.
Besides, Iloriﬁ‘is a civil service town and
contains a Federal Government University, a State
Polytechnic, College of Education and ﬁnny second-
aory and primary schools that provide the educational
néeds of the children of workers. Thus many primary,
secondary and tertiary institutions have been built
over theAyears. This has led to physical expansion

and consequent improvement in the transport facilities,
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With respect to;the religion of respondents,
1,004;.representing 53.7% are muslims thle 827
representing 44.2% are christ‘iaﬁs.~ Respondents
who are neither muslims nor christians account

for 2.1%. Majority of the indigenous population

of Ilorin are muslims living predomindntly within

the traditional ureu‘while christianity has wider
acceptance in the new area of the city. More
churches than mosques are also being built in the
new area - contributing to the spatioL.egpqnsion
of the Eity and the demand on transport facilitie
The occupational putternlof respoﬁdénts
reveals that 32.3% engage in trade aqa‘cdmmerce
(Table 4.10). This is followed by those in
governmeﬁt employmeﬁt consti;uting 28,3%. Those 
engaged in Agriculture account for 7.3% vhile the

percentage of those who are unemployed stands at

8.0%.

S
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Table 4.10 Occupational Pattern Of Respondents

Uccupation ReSSo:;ents % of Total
Applicants 150 8.0
Agriculture 136 ' 7.3
Construction 90 4.8
Trade and Commerce 604 32.3
Transport and

Communication 65 3.5
Government Employment 530 28.3
Army/Force 61 3.3
Others ‘ 234 12.5 -
Total 1,870 100.0

Source: Author's Data Anolysis, 1988
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A few of the respondents, 4.87%, engage in construction,
trunsport‘and communication account for 3.5%, whiie 3.3%
are in the Army. As high adas. 12.5% ore in
oth§r types of occupation such as artisons, craftsmen,
portery makers and weavers. The analysis shows that those
engaged in trade and commerce and tﬁose in government
employmentvaccount for a total of 60.6%. The city has
been growing along this occupationel pattern as fevealed
by the land use pattern. Thus government employment centres
and residential quarters for civil servants can be found
to the East and North-East of the city while the western
portion contains most of the commercial centres and markets
‘in the city. The city is a growing centre of trading and
commercial activities and a gateway ci¥y bétween the North
end Southern States of the counffy. |
Tabie4wllshows the patterﬁ of themonthlyincome of
re;pondents. 658 respondents representing 35.2% earn
between ®¥100 - #300,00 monthly. This is followed by those
who earn between #301 -~ #500.00 constituting 24%. Those earniﬁg

#100.00 or less account for 21,9% while those earning above
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Table 4.11 Income Of Respondents

Income Per Month No of Respondents| % of Totel
0 - %100.00 409 21.87
%101 - #300.00 658 35.19
¥301 - #500,00 449 24.01
#501 - #700.00 250 © 13.37
%701 - #900.00 86 4,60
Above ®900.00 18 0.96
Total 1,870 100.00

Source: Avuthor's Data Analysis, 1988

#500.00 per month constitute a total of 18.9%. The income
pattern of respondents indicates a generally lqw earning
power of many people in the city. This trgg;.igwaue égw;he
initial status of the city as a civil service town with

the majority of the working force as snlary‘gcrners.

Trade, commerce and industrial development are just

beginning to make their impact in the city. It is therefore

expected that the earning power of the inhaobitants will
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coﬁtinue to improve correspondingly with commercial oand
industrial development., This will definitely lead to
faster physical development of the city, and gfeater
transportation requirements.

The foregoing discussion gives the socio-economic
background of people interviewed during the survey. The
- factors age, sex, education, occupation, and income just

discussed affect frip making of a city's inhabitants and

significantly affect trip patterns. In more developed
countries for instance, the teenage population 15 - 20

- years have been found to produce more journeys of a social
and recreational nuturé than olde; age groups {(Bruton,
1970). Further, the ability to pay for a j&ﬁrney affects
the number of trips generated by «a hoUseho;d. According

to Maunder (1982), the higher the income, the higher the

" number of trips made. Schuldiner (1962) in His study of
trip generation aﬁd the home, has shown that trip generation
analysis based on socio-economic chcracterist;cs could

lead to better understanding of trip length and trip interchange

fbr the work and social trips.
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(b) Modes And Purposes Of Trips
The modes used are foot, private cars,
mini buses, toxi cabs, motorcycles and
pedaled cycles while the trip purposes
consist of work, business, social, recreation
and shopping.
| An examination of the modes of'intro‘ -
city trips in Ilorin reveals the déﬁinunf
position of trips by private cars and- taxi. s
cabs., These modes account for a total of
63.0%4. Trips by mini buses account qu
18.4%‘while trips by foot éonstitutef 12.5%.
Trips by ﬁotorcyéles and pedaled qycles
. account for a total of 6.1%. (Table 4.12).
The analysis of data shows that intra-
urban trips in Ilorin are dominated by motor
cars. Further, public transport médes such as taxi

cabs, and mini buses account for a total of 53.1%. This
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trend is typical of most urban centres in Nigeria where -
théreAare no efficient mass transit systems. - In these

urban centres, taoxi cabs and mini buses - which are para—
transit modes of transport dominate the modé of urban travel§
(see Adeniji, 1983, 1985). This contrasts with the trend

'in more advunéed countfies of the Qorld where urban travels

| are by well organised public transport syéfeﬁ (Adenijih 1983).
In Ilorin, there has not been any well-organised public |

transport system for quite sometime now.

Table 4.52 Trips By Modes In'Ilofin

Mode 4 No Of Trips % of Total
Foot 497 12.5
Private Cars 1,128 28.3
Mini Buses 733 18.4
Taxi Cabs | 1,380 | 34.7
Motorcycles 211 5.3
Cycles 32 0.8
Total | 3,981 100,00

Source: Author's Data Analysis, 1988
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"The impact of the recently introduced public
transport system provided by the Kwara State Trans-
port Corporation is not being felt by the inhabitants
of the city since it provides more of iﬁfér;éify than
intra—city services.

Ano;ysis of trip purposes in Ilorin reveals
the predominance of work trips'over the sther trip
purposes. Work trips account :for 24.4% of total
trips and this is followed by recreational and
social trips accounting for a total of 33.0%.
Business trips constitute 15.6% while trips to
religious centres such as mosques and cﬁuréhes
account for 12.8%. The contribution of trips to
markets and shopping centres is 9.2% while other

trips constitute 5.0% (Table 4.13).
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Trip Purpose No of Trips % of Total
Work 972 24.4
Business 619’ 15.6
Social 646 16,2
Recreation 670 16,8
Market 368 9f2
Religious 508 12,8
Others 198 5.0
Total 3,981 100.0

Source: Author's Data Analysis, 1988
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The analysis ghows that work trips dominate
intra-urbon trip purposes in Ilorin, These are
trips to the main government administrative
~centre in Ilorin (Secretariat), others are
to the Federal Secretariat at tate, the Local
Government Secréturiut and the various educational
institutions in the town and other private estoblishf
ments in vofious parts of the‘city;

The recreational trips are to major recreationol
oreas such as the AmUSQment Park, Hotels, Sfodium
and Sports Grounds and social trips to friends and

relations in various parts of the city.
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With regards to trips to religious centres, these are
trips to mosques and churches which are located within
residentiol areaos in various parts of the city. Such trips
are made on a daily basis and especially eon fﬁiduys.and
Sundays :which:are special days observed by the muslims and
christians respectively.

T;ips to marketsrund shopping centres afe to four
main locations in the city. The main markets are the
Emir's market or '0ja Oba’, Ag§ market, Ipata market and
Baboko market. Emir's market has continued to attract a
large number of trip makers daily in spite of government's
efforts to stop market activities in this area. The
reason for the persistent patronage of ?Oja.Uba; appears
to be’due more to the troditional attachment fhe indigenous
pépulction have to this centre and the Emir's palace which
still is the commerciael, traditional and odmiﬁistrctive
nerve cent;e of the city. Ago, Ipata and Baboko markets
also attract a significant number of trip mokers daily.

The other components of shopping trips are“tfips'fo vorisus



- 127 - ‘

commercial establishments along Murtala Mohammed way,
Ibrahim Taiwo roed, Abdul Aziz Attch road, Wahab Folawiyo
road (formerly Unity road) end various Supermarkets in the
city. |

The pattern of trips by age groups is as shown on
Table 4.14. The table shows that respondenf& in the 21 - 40
age groups account for a total of 60,3% of total trips.,
This is followed by respondents in the teenuge'group of
15 - 20 yeers who constitute 17.2% of total trips. Respon-
dents in the 41 - 50 years age group and those above 50 |

years constitute 15.8% end 6,7% respectively. This trend

Table 4.14 Trips By Age Groups

Age Groups No of Trips } %“of_Total
15 - 20 685 7.2
21 - 30 1,244 31.3
31 - 40 1,154 ‘ 29.0
41 - 50 632 15.8
Above 50 Years 207 6.7
Total | 3,981 100. 00

Source:. Author's Data Analysis, 1988
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shows that respondents in the age groups 15 - 20,
- 21 - 30 and 31 - 40 years are more active in trip making
than respondents in the age groups 41 - 50 and above 50
years.

Further, the pattern of trips by income groups is
as shown on Table 4,15. The téble reveals that respondents
who earn between #100 - #301.00 per month‘mqke'the highes%}

number of trips. Trips made by this group accounts for

32.50% of total Respondents earning between #301 - #500,00

make a total of 1,043 trips constituting125;1§%mwhileﬂ_w
respondents earning #100.00 and below kaé a total of
775 trips constifuting 19.47%. Respondents earning above -
#500,00 moké a total of 869 trips'constitpting 21,84%

of total trips. Table 4,9 also reveals that an average

of 2.72 trips are made by fespondents earning ébove
¥700.00 while the lowest average numberof_triés of trips
of 1.89. are made by respondents earning ﬁ]OObOO and
below. The analysis_re?eals that average number of trips
increases as income increases. This trend goes to

confirm findings revealed by studies in mdre advanced



- 129

countries that increasing family income leads to greater

trip production (Bruton, 1970 p.83).

Table 4:15 Pattern Of Trips By Income Groups

No of{ % of. | No of Average No

Income Per Month Trips Total Respondents| Of Trips
0 -  #®100.00 775 19.47 409 1.89
#101 - #300.00 | 1,294 | 32.50 658 1.97
#301 - #500.00 1,043 26.19 449 2,32
N501 - ®700.00 607 15,25 250 2,43

- #701 - #900.00 213 5.35 86 2.48
Above #%00,00 49 1.24 18 2.72
Total 3,981 100 1,870 2.13
Source: Avuthor's Data Analysis, 1988 = o

The foregoing discussions reveal the characteristics

gf intra-urban trips in Ilorin.

However, these charac-

teristics only tell us the model split and the purposes
of trips. They tell us nothing about the spatial pattern
of such frips. Spatial patterns are also important in
the onalysis of intra-urban trips because such patterns

make it possible to link origins with destinations of
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such trips. This therefore is the object of the next
section which describes the spatial pattern of intra-

urban trips in llorin.

Spatial Pattern Of Intra-Urbun Trips

The spatial pattern of intrg-urban.trips implies

- some recognizable order formed as a result of troffic ™

interchange between various origins and destinations.
Table 4.16 shows the o;igin, destihatibn. matrix
o} *rips between variousltraffic,zones ih‘ilorin.. It
can be observed from the matrix .that no recognisable
order can be easily discerned. Some patte;n discerning
techniques can be used in the identification of spatial
pattern of flows between regions. Such fécﬁniques include
cartographic techniques (Ullman, 1957), Qroph theoretic
approach (Nystuen and Dacey 1961), and factor analysis
(Geddard, 1970).
In this study, factor analysis has been selected because
of its inherent attribute of clarity wifh.which inter-

rela;ionships can be identified. Besides, it can be
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used to determine from interrelationships of the large
number of variables, the smallest number of factors wﬁose
association with the original variables will account for most
of the observed interrelationships. Accordéng to Johnston
.(1978), Rees (1972), factor analysis can reduce any number
of variables to new, hybrid variables that represent
geographical associations of the ofiginél voriables. Also
Gould (1976) has pointed out tﬁat factor analysis is used
to “attain scientific parsimony or economy of description".

Berry (1966) was the first to apply factor analysis |
to flow data. Thereafter, Britton (1971) used factor
anolytiq technique to study commodity movements‘in England.
Wheeler (1972) studied trip éurposes in Lasing Michigan

by using factor onalysis. At the urban scale,Goddard

(1970) analysed inter-zonal taxi flows within London with
a view to regionalising the dominant flows. Kanno (1970)
qsed.foctor analysis in- showing the pattern of flows

between U.S.A. metropolitan centres while Ogunsanya (1979)

applied factor analytic technique to discern the spatial

pattern of freight flows in metropolitan Lagos.
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The application of factor analysis to matrices
containing measures of flow or association between places
enables us to delineate functional regions in a city, based
uponfthe similarities in flow patterns. AIn such flow
matrices the rows are origins ond the columns are destinations.
The matrix is initially subjected to correlation analysis,
This yields correlation coefficients which indicate the
strength and direction of the relationship between the
variables., Factor analysis is then applied to the corre-
lation matrix and the principal factor solution with
varimax rotation extractsrelevant foqtofs;?

The main outputs from the anulysis which are uéeful
in the interpretation of the flow pqttern:are the eigenvaiues,
the factor loadings; the factor scores and the percentage
of total variance explained by the factors, 'fhe eigehvulugs”
represent the total vuriancgloccounted fof.by the factor.

The factor loadings are measures of the corfeélations
Between'the original variables and the factors while the

factor scores are measures of the contribution of each

[ I
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observational units on each factor.
The percentage of total variance shows
that part of the variation among the
variables that is related to a factor

pattern.

Application Uf Factor Analysis

To Trip Patterns In. Ilorin

In order to identify the flow struc-
tures and functional regions in Ilorin,
factor analytic method'was‘cpplied to the
origin destination matrix of intra-urban
trips in the city. The 13 origin and desti-
nation zones were arranged in a 13 x. 13 flow
matrix with the cells containing volumes of
intra-urban trips made. In this analysis,
the destinations are treated as variables
and the origins as observations. (See

Goddard, 1970; Ogunsanya, 1982).
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Using tﬁe R - mode factor analysis with varimax rotation,
the flow matrix shown on Table 4.16 was subjected to the fac-
toring process on the micro-computer AMSTRAD Model PC 1512 vu
availoble at the University of Ilorin Computer Centre. This
resulted in the extraction of four factors that accounted for
80.6% of total explained variance. ,Table 4.17 shows the
factor loadings and the factor scores. These factors represenf
the foﬁr dimensions by which intra-urban trips may be classified
iﬁ Ilorin. The factor loadings produce a regionalisation of
the flow system in terms of the destination patterns while
the factor scores identify the set of origins thut.inferaét
significantly with these destinufions. This results in a
more precise indication of the functional nutdfé;ond“ionﬂt“”
comﬁosition of the factors as factof scores represent the
relatiye‘importonce of flpws from particular origins (Wiseman,
1976). The resultant patterns dre depicted by éhe series of

flow maps shown in Fig. 4.7 to Fig. 4.10.

Thertirst VDimension

The first dimension accounts for 37.2% of'the percen-

tage of total variance with eigenvalbe of 4,84112 and is
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.and Factor Scores

Factar. 1 -Factor 2 Foctar 3 -~ Factor 4 '
Sector Factor ! Factor | Factor Factor . Factor ——Rerctorf Factor Féctcr
Loadings | Scores Loadings Scores Loadings Scores Loadings Scéores R
’ vl 0.69966 | 0.93927 |.-0.05174 | -0.69921 0.08502 {-0:84638 | 0.3007 —0:41360 V1=ADEWOLE
v2 0.80747 | 1.21284 | 0.208181 | -0.15999| 0.40157 . |~0.64331 | 0.32957 | -0.33467| V2=BABOKO-STADIUM
V3 0.39992 | <0.09209 | -0.04344 :0.23935 0.89134. | 2.34463 | 0.07064 | 0.07960| V3=CENTRAL AREA
~ V4 _ 0.41907 0.74143 | 0.18753 | -0.15297 0.15503 0.00453 0.84949 2.88372| V4=GAA AKANBI-EROOMO ~
V5 0.008697] -0.76604 | -0.06216 -0.62866 -0.13035 }|-0.42884 0.94854 0.63868] V5=GAA IMAM
e 0.34402 | -0.93606 | 0.74599 | 0.33630| 0.15769 |-0.46836| 0.51900 | 0.83377| V6=RESERVATION AREA
- N‘-#;i_ 0.10290 | 0.42783 | 0.93936} 2.91079) 0.03589 )-0.07154 ' 0.02104 | -0.14447 V7=KULENDE-TANKE
-E=VB— -0.46146 | -1.53583 | -0.22391 | ~0:74523| -0.12881 |{-0.42872 |-0.10138 |"0.33741| V8=0KE QYI=——=———==:0 °
V9 0.§3099 1.39104 | -0.24493 | -0.64086 Q.16075' -0.95598 }-0.17050 | -0.87208] V9=0DOKUN-ODOTA
- V10 .0.25513 | 0.96756 ¢ 0.18632 -0.28201 0.85895 | 1.89955 | 0.02484 | ~0.67571}V10=0LOJE .
» S yn 0.57770 | =0.28739 | "0.57986 | -0.105024 -0.04012 -0.62863 | 0.24704 | ~-0.50205|V11=SABOOKE-AMILEGBE -
'JVIZ -0.05276 | -0.99293 | 0.12418. | -0.59842| 0.89706 | 0.52874 |{-0.07050 } -0.47818 ¥12=508B1
- -0.24841 | ~1.06962 0.81818 1.00457 | -0.08%968 |-0.20570 }-0.12659 |-0.67760}V13=UNIVERSITY-POLYTECH-
- - NIC -
Eé%ﬂnvulues 4.84112 2.66072 T.85407 T1.11752 ' - )
PCT of Variance 37.2 20.5 14.3 8.6 - -
Gumilative PCT - 37.2_ 57.7_ 72.0 80.6 .

A\

Source: Computer Qutput
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characterised by high factor loadings on Adewole (VI),
Baboko - Stadium (V2), Odokun - Odota (V9) and Sabo Oke-
Amilegbe (V11) as destination zones (chlé 4.11). The
set of important origins. as shown by the féctor scores
are Adewole (V1), Baboko - Stadium (V2), QESMAkQHEi -
Ero Omo (V4), Kulende - Tanke (V7), Odokun - Odota (V9)
aond Oloje (V10). The region defined by the set of desti-
_nation zones contains ¢centres of Business Administrative,
Educational_ond Recreational activities in the city;

For instance, Baboko - Stadium zo;e contains some of the
busiest bﬁsiness streets of Abdul Aziz Attah and Taiwo
roads in the city. The Stadium Complex along Ibrahim
Taiwo raad attracts o lot of recreational trips while the
Amusement Park along Wahab Folawiyo road (formerly Unity
Street) also attracts significant traffic. Sabo Oke -
Amilegbe zone contains the Government Ministries and
~Parastutuls, primu?y and secondary schools while Adewole
zone contains the University Teaching Hospital, University
. of Ilorin Mini Campus, Kwara State Polytechnic temporary

site and the Kwara College of Education. Odokun - Odota
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zone contains Garin Alimi Hospitals, the Ilorin Airport
and the Ilorin - Lagos road shopping belt. All these

" activities contribute to high traffic generation capacity

of this region (Fig. 4.7).

(b) The Second Dimension

The second dimension accounts for 20.5% of the total
variance with eigenvalueof 2.66072 and has high factor
loadings on Reservaotion Area (V6) Kulende - Tanke (V7),

Sabo Oke - Amilegbe (v11) and University - Poly&echnic
(V13). The set ;f important origins as shown by the

factor scores are Reservation Area (vé), Kul;nde - Tanke
(V7) and University - Polytecﬁnic (V13). The set of
destiﬁation zones contain most of the white - collar
employment centres in the city. This region can thérefore
be labelled the 'white-collﬁr employment' region of

Ildrin. For example Reservatlon Area (V6) and Sabo Oke‘-
Amilegbe (V11) contain the State Secretariat whlle Kulende -
Tanke (V7) contains the Federal Secretariat. The Univer-
sity - Polytechnic (V13) contains a large number of white -

collar workers in the city (Fig 4..8).
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The Third Dimensioh

The third dimension accounts for 14,3% of the total
variance with eigenvalue of 1,85407 and has high factor
loadings on the central area (V3), Oloje (V10) and Sobi
(V12). " The set of important origins of traffic for this
region are also central area (V 3), Ulgje(VlO)ﬂand Sobi
{V12). The set of destination zones defines'é region
compésing mainly of the indigenous populotidn of the city.
The zones are contiguous and can be labelled the ‘indigenous”'
region. The Central Area (V3) contains the OiaAOba market,

Ago market and the Local Government Secretariat. This zone

is an important traffic generator as it contains the

commercial, traditional and administrative nerve centre of

the city. Oloje (V10) ond Sobi (V12) attract more of social

trips. (Fig. 4.9).

The Fourth Dimension

The fourth dimension accounts far4on1y_8.6% of the
total variance with eigenvalue of 1.11752 and-hes high —
factor loadings on Gaa Akanbi - Eroomo (V4), Gea Imam (V5)

and Reservation Area (V6). These zones have correspondingly -

i C : |
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high factor scores on Gaa Akanbi - Ero Omo-(V4), Gaa

Imom (V5) ond Reservation Area (V6). The set of desti-

~nation zones for this region are contiguous and contain

most of the central chilities and service; for the city.
The region also contains the indu;triol centre. For |
example Gaa Akanbi - Ero Umo (V4) contains the State

Utility Board Agba Water Works, fhe State Transport
Corporation and the major industries in the city are

found in Gaa Imam (V5) while the Nationol Electric Power
Authority Office, Commercial Banksg, NITEL Office, Railway
Station and commercial belts along Murtala lohaommed Way -

are found to tﬁé western end of the Reservation Area (V6).
This region can therefore be labelled the 'central facilities
and services' region. The importance of the functions of
this region makes it a high traffic generotof. The pattern -

of interaction for this region is shown on fig 4.10.

Zonal Hierarchies Within The City

The procedures just discussed enabled us to identify
spatial pattern of trip flows between traffic zones. Through

such an approach, it has been possible to analyze the extent
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to which sets of nodes (either as origins or as destinations)
have similar movement characteristics with o view to
uncovering the significant regional connections. However,

it is vsvally desirable to examine the nodality of each

. P Y

traffic zone in the interaction pattern so as to-g;fermine
nodal hierarchies and particularly the "dominance order"
of Qlaces and the channelliné of fl9ws up‘ahd down through
such a hierarchy. In such analysis, places are grouped
on the basis of the intensity of ihteroction between one
zone and another, and specific traffic zones may he identified
as dominating others. The assumption in this study is
that intra-urbon trip flows in Ilofinore structured through
a zonal organisation which is hierarchical Qhen trip
interchange is used as a measure of functional linkage.

The hierarchical structure of traffip zones cannot
be analysed by o mere examination of the flow maotrix of
intra-urban trips. Several methods have beéen proposed
for determining the basic struﬁture of such flows. However,

the method used by Nystuen and Dacey (1961) and Soja

(1968) is widely used in the literature on spatial
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interaction. Nystgen and Dacey used the graph theoretic
approach to define nodal-regions by reducing flow matrices

to series of graphs and considering flows as links in a
directed graph. Working with volumes of long - distance
telephone calls between city pairs in the state of'Washington,
Nystuen and Dacey (1961) used interaction matrix to determine
a flow structure which corresponded very closely with the
nodal organization of the state. In the interaction matrix,
the largest flow from each city that is, the maximum element
in its—row is determined. This notion of "largeét flow"

is then used to aggregate cities associated with a "central
place" or "dominant centre". The functional s;ze and rank

of each city is meﬁsufed by the number of messages it
receives, that is, its column total.

A city is termed "independent" or “centrcL" if its

largest flow is to a smaller'city‘whereas a "subordinate"

or satellite city sends its largest flow of outgoing
telephone messages to a larger city. The relationship
between the central city or nodal point and the subordinates

is transitive, for instance, if a city A is subordinate
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to city B which is satellite‘of city C, then city A is
subordin;te to city C. The graph showing this pattern of
relationship contains a hierarachy of cities. Using this
principle of "dominant association" Nystuen and vacey went
on to examine inter-urban linkages and dominance and esta-
blished a nested hierarchy of urban centres and nodal regions.
These nodal regions comprise "central places" or "dominant
centres" and surrounding cities thch are subordinate to them.
~Each city dominates an area around it and, in turn, the small
cities are assigned to those larger urban places with which:
they have the greatest number of linkages.
The iorgest flow from each satellite city is called

the "nodal flow" and the aggregated flows from the nodal

structure of the region contain a hierarchy of urban centres.

Thus, order is established in terms of the agéigéatéM"
values of incoming and outgoing flows and relutions_

between nodes are determined by the quimum flow to a
higher order node. The resvlting nethrk of flows defines
the skeleton of the nodal organisation of the entire region

and also displays the cities functional association,.
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4.6 Apﬁlicqtion Of The Zonal Hierarchy
_ To Intra-Urban Trips In Ilorin

The 13 x 13 origin-destination matrix of intra-city
trips in Ilorin was used to analyse the flow structure.
The principle of "dominant association" was then used
to o;der the city's traffic zones by the magnitude and
direction of trips. The column total of the matrix
are calculated to determine the zones functional sizes
and ranks. The underlined_values represent the largest
flow érom an‘origin to a particular destination, By
simple examination, the.maximum element in each row
zone to the column zone is determined. THis is the
"nodal flow" and is underlined in the matrix. Using the
property of "indépendent" and “subofdinate“ it is found
that seven zones send their largest flows to larger
zones while the largest flows in three zénes are conSumed_
within the zones (see Table 4.18). Thus“Tﬁé‘fbfmer are’

by definition "subordinate" while the latter are "indepen-

dent". The resulting schema is shown in Fig. 4.11.

'
i
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Table 4, 18 tORIGIN-DESTINATION MATRIX!OF INTRACITY TRIP FLOWS IN ILORIN
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ADEWOLE , "] 34 | _BA | 18 5 0 20 11 0 12 |- 1 7 1 1
BABOKO-STADIUM 13 | .100 | 89 12 0 40 g 0 21 1 *35 0 2
 CENTRAL AREA 15 126 | 203 | 12 0 54 11 0 9 59 20 32 i
GAA AKANBI 26 1156 ] 99 33 ] 14 1129 19 0 15 35 29 2 1
GAA IMAM 4 12 io | 23 5 17 3 0 3 7 3 1 0
RESERVATION AREA - 3 36 12 8 8 | o3 | a8 0 1 3 14 2 21
KULENDE-TANKE 13 122 56 14 0 |14 |1&] 0 =5 35 43 3 45
OKE-OYI 0 0- 7 0 0 0 4 92 0 0 2 0 0
ODOKUN-ODOTA 9 94 | 23 5 1 30 2 0 42 2 18 0 1-0
OLOJE 16_ | 129 | 244 9 0. | 54 28 0 38 [103 12 | 4 2
SABOOKE~AMILEGBE 6 - 16 18 1 0o {25 170 0 0 9 23 0 0
SOBI 4 22 | AL 0 0 12 3 0 2 51 2 18 0
UNIVERSITY-POLYTECHNIC| 4 23 1 3 0 35 | 28 0 0 26 5 0 .83
TOTAL : 146 929 | .827 |125 28 |043 |32c | 92 [148 290 217 73 1137
RANK 8, i- 2 10 13 3 =} i1 7 5 3 12 .9

Source: AuthoT's Dato Analysis 1988

'~ Largest flow underlined. W

X . _
, Largest flow determined by‘%&e volume of outgoing trips.
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From the result, it can be seen that Baboko - Stadium
zone emerges as the most dominant centre with other
subordinate zones which include sub-centres such as
central area, Reservation Area and Gaa Akénbi - ErolOmo.
These are concentrated to the wes;ern and northern parts
of this dominant zone; The central Area dominates Oloje
and Sobi zones while the Reservation Area dominates Sabo-
Oke - Amilegbe and Kulende ~ Tanke zones. The largest
flows from Oke-Oyi and University - Polytechnic are
consumed by the zones themselves. These zones can there-
fore be regarded as independent zones. Gau.lmam is
subordinate to Gaa Akanbi and Gaa Akanbi is subordinate
to Baboko - Stadium. By the transitivity and the acyclic
properties of the principles of dominant ossociation,'
this flow pattern contoins hierarchies. In‘tﬁe flow
pattern, it is convenient therefore to rank Baboko -
Stadium as the most dominant zone in the pattern of
functional association. Central.Area, Resérvutioﬁ Area
and Gaa Akanbi - Ero_Omo as second°orde; zones while
Adewole, Gaa Imam, Odokun - Odota, Oloje, Sabo-Oke -

Amilegbe, Kulende - Tanke and Sobi can be :egarded as
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minor or satellite zones. These dominant zones are areas
of diffusioﬁ of trips to.other parts of the city. Thus
Baboko - Stadium zone being of the highest“é;derw;p the
hierarchy constitutes a major traffic‘generotion and
cttraction zone in the éity. Such higﬁ order zones in

" the hierorchy also cohstituteimajof growth points in
physical area and traffic. In cdﬂition,’suéh‘areas have
the potential of rapid land use change.

The major objective of this chapter has been  to
highlight the fundament;ls of the transport system in
Ilorin, This is considered neces;ory for an understanding
of the morphology of the city and the spatidl pattern of
road development in the city.. The next chapfers are

concerned with the route development and the morphology

of the city which aore important aspects of the study.



5.1

CHAPTER FIVE

THE MORPHOLOGY OF ILORIN

This chapter discusses the changing nature of the
morphology of Ilorin., The components of urban morpho-
logy as used here draw largely from Wuster's (1963)
definition of uvrban form. According to Wuster, urbon
form can be described as “the physical pattern of
land use, population distribution and'sérVice networks".
In order to understand the changing morphology of Ilorin,
changes in the built-up areas, the land use patterns an&
the housing types have been studied over time.

The data used here were acquired through mapping
and interpretation of sequential aeriql-photographs
of 1963, 1973 and 1982, The technique of photo inter-

pretation is as discussed in chapter“fhree.

Spatio-Temporal Perspective

In The Evolution Of Ilorin

- The study of the evolution of Ilorin has been
classified into 5 periods. These are:
(i) The pre- 1897 pattern

(ii) The 1963 pattern
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(iii) The 1973 pattern
'(iy) The 1982 pattern
- (v) The 1988 pattern
This classification is based on the avﬁilability of base
maps and aerial photographs for tBese periods which form
essential basis for an objective spatioQtemporol analysis

of the evolution of the city.,

(a) The Pre-1897 Pattern

The pre- 1897 pattern of Ilorin is strongly tied
to the history of the city. History has it that the
town was founded about 1600 A.D, The.séries of wars
which occurred between the then Ilorin ruler, Afonja,
from Oyo and Alimi led to mixed ethnic groups in the
city. These are the Yorubas, Hausas and Fulanis.
There eventually emerged different warloras with the
Oba becoming the Emir. The Emir's Palace which was
centrally located became the centre of religious,
commercial, recreational, admiﬁistrﬁtive and cultural

activities. The four warlords became thé chiefs of"
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their quarters which were located in a quandrangle- around
the Emir's Palace. These are the residential quarters of
Balogun Ajikobi, Bdlogun Gambari, Balogun Fulani and
'Baiogun Alonamu. The ?entral core,exertedva‘lot of influence
on the quarters. Thus the spatial pattern of urban growth
in Ilorin beéan with this small compdct core.
The plan of Ilorin as prepared in 1897 is shown in
Fig., 5.1. The plan shows the Emir's Palace in the central
core and all routes originating from the outskirts'of'thg
town converged at the city centre. Because it was a pedes-
trian city then, the residential houses were located around
the Emir's Palace to facilitate easy movement. There were
no clearly'defined "functional" areas and lqnd use densify
decreased away from the city centre,. | '
During this period, the whole town was surrounded by’
a wall. The overall pattern qf growth then was one of

concentric expansion, This pattern remained until the

advent of the automobile in the 20th century.
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(b) The 1963 Pattern

Fig. 5.2 shows the 1963 structu;e of Ilorin.
This structure shows the iand use pattern of the
town which has emerged as a result of the growth of
the city up to 1963. Compared with the structure in
1897, the core is still distinct with the Emir's |
Palace and the '0Oja Oba' serving as the centre of
activities. However, a significant distortion has
taken place in the pattern of Ilorin by this period.
Unlike the concentric structure that obtained up till
the late 19th century, modern technology and the
introduction of the automobile in 20th century led to
a sectoral form of development. Conseﬁuently, the
hithertovconcentric pattern of development around
the centre and within the confines of the city walls
has changed to radial growth along the road arteries
in the city.

At this period too, the new'sectidn_of the town

had evolved. This new section resulted from a new
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area settled by 'strangers' or non-indigenes and the
impetus of the colonial administration laid out a new arec
of the city in grid pattern in‘the early §Qrt of the 20th
century. Thus the morphology of the city at this time
consisted of the old and the_new part$ with fhe Asa River
dividing the city almost into two. This br;J;ht';;;ut :ﬁﬂ
combination of two different urban processes that are both
indigenous and exogenous. The pattern then conforms with

what McLee (1967 ) describes as a "dval city”. According

to MclLee, the‘coloniol administrat;rs were'£ésponsible fo;
this dualistic structure. Inlmuﬁy such cities, both the
traditional and the modern sectors diSﬁlay their own morpho-
logical patterns, Cities of this type have been referred

to as orthogenetic cities (Redfield and Singer, 1954),

Similar cities in Nigeria are Ibadan, Kano;-Beﬁin ond Zaria, .
Examples of such cities in other couﬁtries aré New Delhi-Delhi,
Cairo, Tunis and Chinese Treaty Ports (Brush, 1962, Abu-Lughod,

1971, Brown, 1973, Ginsburg, 1965).
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Tlee 5.1 depicts the laond use pattern of Ilorin for
1963 while Table 5.2 shows the housing types. The total
built-up area of the city was about 3,089.61 acres (1,235.84
ha) in 1963. This area consisted of 1,876 acres (750.4 ha)
devoted to residentiaol use and .representing 60.72% of the
total built-up area. The area devoted to transportation
was 512,58 acres (205.03 ha) represeﬁting 16.56% while
295.25 acres (118.1 ha) representing 9.56% was aevoted to
commercial use. 217.0 acres (86.8 ha) representing 7.02%
was devoted to institutional use while 178,58 acres (71.43 ha)
representing 5.78% was devoted to recreation dnd open spaces.
The orea devoted to industrial use was only 10.5 acres

(4.2 ha) representing 0.34%

Table 5.1 Land Use Analysis Of Ilorin 1963

'vLund Use Category Areas (Acres)] % of Total Area
Residential 1,876 60,72
Commercial 295,25 - 9.56
Industrial 10.5 | 0.34
Institutional 217.00 | = 7.02
Trohsportation 512,28 16.58
Recreation and Open Spaces- 178.58 5.78
Total Built-Up Area 3,089.61 100.00

Source: Author's Analysis of Data Extracted From 1963
Aerial Photograph of Ilorin,
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The onalysis shows the predominance of residential
land use over other uses iﬁ the city during.this period.
Residential areas distributed all over the city included
the residential quarters of the old part of the town and
the new areas which included the Government Reservation
Area carved out specifically by the colonial'odministra-
tors for expartriates and senior civil servants.

Transportation land use ranked second te residential
use and consisted of the main arteries for both internal
circulation within the city and the main arteriaols linking
Ilorin with the rest of the country: These ére Jebbo and
Lagos roads serving as a North - South link while the
Ajassepo and Koima roads serve as links with the South -
East and North - West respectively. The railway line runs
acress the city in a North - South direction linking the
city with the Northern and Southern pqrts of the country
;especti?ely.

The commercial land use covered the com@aréioLworeg&w

and the Central Business Districts of the city, Commercial
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activities in the old part of the:city concentrated at
'0Oja Oba' and the local markets comprising the Alanamu,
Pakata, Omoda, Ojagboro, Oloje, Gada and Alore markets.
The most important of these is the emir's ﬁqfkef which
forms the traditional business district. Cqmmercial
activities could also be found along the main arteries of
Emir'sr;ad, Balogun Fulani Street, Gambari Street, Pakata
road, Abdul Aziz Attaoh road and Kaima road.

The institutional land use covered areas devoted
to educational use, hospitals and health centres, public
establishments and government administrative c¢entres,
police establishments and military premises. :Notoble
institutional usés during this period were the Provincial
Offices, the Local Government Offices, the Educational
Institutions such as the Government Secondo;y.School, Queen
Elizabeth School, Bishop Smith Teachers' College, Ilorin
Teachers' College, Ilorin Teﬁhniéal45chool and many Primary
Schools located in different parts of the city.

With respect to industrial land use, the few industries

-

existing ot this time were the United Match Cgﬁbany;%the-
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Tate and Lyle and the Tobacco Company.

The open spaces and recreational uses could be found
within the built-up areas and at organised play grounds in
schools and institutions.

Table 5.2 shows the housing types'iniilorin in 1963.
Of the three house types - indigenous, barrack/flatlets,
uncompleted buildings, the indigenous house type accounted
for 76.23% of total while barruck/flotlets.and'bungolows
constituted 16.81%. Buildings under const?détion accounted
for only 6.90%.- The indigenous house type:could be found
mainly within the old part of the city at this time while
the barrack/flatlets ana bungalows could be found within
the new areas of the town and the Governmeﬁ?_hesé;Voti;;—

Areas. Buildings under construction could be found in

different parts of the city. The Qistribu{ion of house typés
Table 5.2 Housing Types In Ilorin, 1963

House Type No . % of Total
Indigenous 6,412 : 76,29

Barrack/Flatlets ‘

and Bungalows 1,413 . 16.81

Uncompleted 580 ' ; 6,90

Total 8,405 . 100.00

Source: Author's Analysis of Data Extracted'From‘1963
Aerial Photograph of Ilorin.,
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followed the broad division of the city into old
and new areas. While the indigenous population
adopted the traditional type of housing with
enclosed courtyards, the Barrack/Flatlets and
Bungalows were popular with the non-indigenes.

In terms of the diréction; of growth of the
city at this time, development was confingd mostly
to the western side of the railway line. At this
time too, development had just become noticeable
within the Government Reservation Areas and at Sabo-
Oke and along Jebba roadf Except for a few institutions,

development along Lagos road was scanty.

(c) The 1973 Papptern e

By 1973, the sectoral growth of the cify had
intensified along the axial roads of Jebba, Ajassepo,
Kaima and 6yoBye-pass(now Ibrahim Taiwo Road). This
trend came about as a result of the rapid development
of the city when it became the state capital in 1967,

The city attracted people who migrated in‘to take
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advantage of the various opportunities openéd up by the
new state capital. With its new administrative status,
other complimentary services were attracted and the city
exponded at a rapid rate. During this period too, new
roads were built and old ones rehabilitated. While the
old roads attracted development as a consequence of their
improvements, the extension of the Okelele road opened
up a new section of the town which led to the northward
expansion of the city.' By this time too, both Kulende
- and Oko-Erin Villages had been absorbed into' the city.

Fig 5.3 shows the built-up area of Ilorin by 1973
while Table 5.3 shows the analysis of its land use pattern.
The analysis shows that approximately 2,98205 acres
(1,193.0 ha) representing 63.53% of total built-up area
was devoted to residential'use. Transportation use accounted
for 727.78 acres (291.1 ha) representing 15.50%. Commerciul~
land use accounted for 388.15 acres (155.26 ha) representing
8.27% while institutional land use amounted to 355 acres
(142.0 ha) representing 7.56%. The area devoted to recreational

use and open spaces was 192.5 acres (77.0 ha)-representing
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4.1% while only 48.75 acres (19.5 ha) representing 1.04%

was devoted to industrial use,

Table 5.3 Land Use Analysis Of Ilorin, 1973

Land Use Category Area (Acres) ﬁpozrzzilt-
Residential B 2,982,5 63.53
Commercial 388.15 - 8.27
Industrial 48.75 . 1.04
Institutional . 355 - ] .56 =
Transportation 727.78 . 15.50
Recreation and Open Spaces 192.5 4,10
Total | 4,694.68 " 100.00

Source: Author's Analysis of Data Extracted From

1973 Aerial Photograph of Ilorin.

The land use analysis for 1973 shows thé rapid growth
of Ilorin since becoming a state capital in 1967. Fﬁr
instance residential land use had increased iﬁ both the
old and the new parts of the city by a total of 58.98%.
The newly settled areas to the east of Oyo Bye-pass, around

Sabo-Oke and along Jebba and Ajassepo roads provided more
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residential buildings to accommodate civil servants. .who____
were deployed to the city from the former Northern Nigeria.
The oil boom of the early 1970's also contributed signi-
ficantly to increases in housing development. '

The construction of new roads and the rehobilitation
of existing ones were responsible for the increase in
transportation land use, Commercial activities'had by
this time iﬁtensified along the main routes in the city.
Intensive wholesaling and retailing activities could be
noticed along Yakubu Gowon Way (now Murtala Mphcmmed Road)
and the number of finoncial houses such as banks and
insurance companies had increased. More supermarkets,
bookshops and the NEPA Office had also taken off thus
increasing commercial activities in this Central Business
District. Commercial activities along Oyo Bye-pass, Emir's
road and Abdul Aziz Attah road also got a boost while the
'0ja Oba' remained the dominant commercial centre in the
old part of the city.

Institutional land vuse had uiso increased;tremendousiy

by this time. State Ministries and Parastatals had replaced
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the Provincial Offices and more institutions of higher
learning were added to the existing ones. By now, the
Ilorin Grammar School, Ansaril-Islam Secondary School,
Federal Government College, Mount Camel, Ilorin College and
the College of Tgchnolbgy had taken off., The General
Hospital and the Maternity Centre were expanded wHile two
milita;y camps, the Army School of Education and the
Infantry Brigade Camp had started to function.. More
mosques and churches were also built in different parts of
the city.

The most important large scale industrie§ in the
city ot this time were the Tate and Lyle, éhilip Morris
and the United Match Company. Small scale industries such
as Sawmills, Afro Works, Concrete Making Industries, Work-
shops and Ware Housing were distributed along the main
roads of the city contributing to axial growth while a
large number of weaving industries were distributed within
the old part of the city.

Recreational use and open spaces increased during this

period too as social clubs and hotels grew alwoiig Oyo Bys=pass,
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Unity Hotel along Ajassepo road, Aimy Officérs' Club,
.Recreofion CLub, Police Officers' Mess located in the
Government Reservation Area. More sports grounds such as
Polo Playing Ground, Tennis Courts and Playiﬁg'Grdunds

belonging to institutions also added to recreational use.

Table 5.4 Ilorin Housing Types, 1973

House Type " No- % of Tgtal fvi:cﬁgg;e
Indigenous 8,756 62.69 | = 36.56
Barrack/Flatlets 4,143 | 29.66 B 193.20
Uncompleted 1,068 7.65 | 84,14
Total 13,967 | 100.00 66.17

Source: Author's Analysis of Data Extracted From

1973 Aerial Photograph of Ilorin,

Table 5.4 shows the analysis of the housing types -in—
Ilorin in 1973. The analysis shows that indigenous house
type'occounted fér 62,69% of total while Barracks/Flatlets
and’buhgulows constitut?d 29.66%. dncompletea buildings

accounted for 7.65%4. The increase.in the indigenous house
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type could be attributed primarily to further
construction of this house type in the traditional
part of the city and those in Kulende and Okeo-Erin
Villuges. The tremendous increase in the barrack/
flatlets and bungalows could be attributed to rapid
housing construction in the new.purts of the city
to accommodate more of the new immigrants into the
city. As the table shows, more houses were still
under construction at this.pefiod.  The trend in
housing types could genérally be attributable to

the expanding status of the city.

The 1982 Pattern

By 1982, a lot of physical expansion had taken
place in all directions of the city. These centri-
petal forces were 9videnced by such developments of
the Army Barracks at Sobi which constitutes growth

points along the north-west, the Adewoigwﬁouégﬁg

Estate and the International Airport which constitute

growth points along the south-west, the. Niger River
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Basin Authority headquarters and new Government Residential
layout constituting growfh points to the north-east, the
Kulende Housing Estate constituting growth point to the
north, the University of Ilorin Main Campus constituting
growth point to the east, néw industrial developments
located -to the south-east and the Federal Low-Cost Housing
Oloje constituting another growth point to the wést.

By this time too, a lot of land use reconversion had
taken place. Such lond use reconversion included residentiol
houses along Taiwo road that had to give way for the con-
struction of Ilorin Mini Stadium, the former 'Oja Oba’
wvhich had to give way to an vltra-modern Jumat Mosque.
Residential buildings along Taiwo/Unity roéds which had
to give way for the construction of the State Fire Service
and the Amusement Park. Within the indigenous part of the
city, new roads reconstruction and the widening of old ones
resuited in the demolitiop of many buildings;:~This change
in land use calls for a change in travel deméﬁd; traffic

generation and attraction.
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The analysis shows that 4,700,5 acres (1,880;2 ha) repre-

. senting 59.31% of total built-up area wés devéted to resi-
- dential use while 1,447,2 a;reé (578.88 ha) representing
18.25% was devoted to transportation Ose. Institutional
»land use amounted to 764.8 acres (305.92 ha) representing
9.65% while the commercial landvuse amounted to 548.9 acres
(219.56 ha) representing 6.93%.

The amount of land derted to industrial use was
247;2iacfes (98.88 ha) representing.3,12% while 217.0
acres (86.8 ha) representing 2.74% Qus deVoteﬂwip rgffeat}épol' 

use and open spaces.

Table 5.5 Land Use Analysis Of Ilorin, 1982

and Use Category ‘ | Area (Acres) L pfAS:ilt-
Residential . 4,700.5 59.3

| Commercial ' . 545.9 6.93
Industrial 247.2 3.12
Institutional ' 764,8 9.65
Transportation 1,447 .2 : - 18.25

»Recreation and Open Spaces 217.00 2.74
Total - 7,925,6 - 100,00

Sowrce: Avuthor's Analysis of Data Extracted From

1982 Aerial Photograph of Ilorin,
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This ano;ysis shows a reduction in the relative
percentage of residential land use as against other uses
when compared with the 1973 pattern. However, the trend
in the lond use pqttefn for 1982 where fesidggiioiwiundﬂ R
use still accounts for the highest percenfcgé could bé as
a ré§ult of further provision of res;dentiol housing
by both public and private agencies olthough ut a lowér'
rate., While individuals provided housing f§f.rentul
purpose, private organisations provided housing for their
staff while government provided housing on OWner~qccupier
basis for the public. The hoUsing.estates provided by
government include the Adewole Housing Estate, Kulende
Estote, Agba Estate and the Low-Cost Housiﬁé Estate at
Oloje. |

The main factor responsible for the incfease in
institutional land use could be attributed to the emergence
of new institutioﬁs between 1973 and 1982, 'Such institutions
include the University of Ilorin, Niger River Basin Avuthority

and Sobi Borracks. These institutions occupy significant

land areas.
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The area devoted to transportation land use was as
a result of improvement in the internal network of roads
ond the addition of a few new roads, For example Murtala
Mohammed Way, Ahmadu Bello Way, Sﬁlu Gambari Road, Umoru
Audi Road and Fate Road were converted te dval carriage
ways while Adewole Estate Road, Unity Road, Asa Dam Road
and New Yidi Road were added to the network..

'The commercial land use had increased wifh the expansion
of the city. The new necleus of commerciacl activities
"around the Post Office area, the Murtala Road and Emir's
Road had also expanded with the southern portion of Murtala
Road housing most of the financial and commercial institutions
such as banks ond.insurance offices while the‘major vhole-
sale and‘retail activities and warehouses were located
ot the Jebba end of Murtala Mohammed Rocad,

The industrial land use had increased due to the
development of new industries. In addition to Tate and
Lyle, Philip Morris and United Match Company, other industries

such as Afro Works, Biomedical Services, Coco-Cola Bottling
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Compény, Metcl'Productstompany and Kwara Furniture Manu-
facturing Company had taken off, _

Witﬁ respect to recreational land use and open spaces,
play grouﬁds provided by institutions, the Mini Stadium and
the Amusement Park increased this land use category.

Table 5.6 shows the andlySis of the housing types in
the city by 1982,

Table 5,6 1Ilorin Housing Types, 1982

% Increase

Housing Type " No % of Total Over 1973
Indigenous - 9,389 47 .75 7.22
Barrack/Flatlets 8,143 41.41 96.55
Uncompleted , 2,131 © 10.84 | 99.53
Total 19,663 100,00 40.78

Source: Avuthor's Analysis of Data Extracted From 1982
Aerial Photograph of Ilorin. |
From the Table, it can be seen 'that thé iﬁdigenous
house type accounted for 47.75% of total house in the city
while the Barrack/Flatlets and bungaléws accounted for 41.41%.

Buildings under construction accounted for oﬁly.10.84%



(d)

- 177 -

The trend in the housing pattern as revealed by this

analysis is that while the small increase in the number

‘of indigenous house type could be attributed to obsorption

of small traditional settlements of Tanke, Adinimole and
Osere Villages, the tremendous increase in the number of
Barrack/Flatlets qnd bungalows could be attributed to

the growth of modern housing in the new areas and the
growth of housing by 'fission' (quogunje, 1968) in the

old part of the city. The number of hodses under construc-
tion had also increased significantly by this period too,
This trend in the growth of housing provision is also a

manifestotion of the spatial expansion and sprawl of the

city (Olorunfemi, 1985).

The 1988 Pattern

By 1988, Ilorin had witnessed more physical expansion
resulting in the city enveloping many of the small settle.
ments surrounding it. At this time, the sprawl of the city
could be prominently noticed along the intercity roads suéﬁ
as the Ilorin-Jebba road where the sprowl has enveloped Kule-

nde, Elekoyangan, Polytechnic Permonent Site and extending
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B almost as far as Oke-Oyi to the north-east, the Ilorin - Ajassepe
road with development engulfing Gaa Akanbi, EES:OmdfmbluﬁTEHé,
Ita Alamv and merging Gama and Amayo with Ilorin té the south-
east, bAlong thg Lagos road, the sprawl hcs absorbed Agunbelegb,,
Oloruashoéo, Aiyetoro, Odota and has now brough; Eiyenkorin
completely under the urban influence' of Ilorin thle.along the
Kaima ¥oad, the sprawl has enveloped Ogidi. Aloﬁg the Shoo
road, the Sobi barracks has been completely absorbed and Shao
can now be described as part of the outskirt of Ilorin while
along the new University road, Tanke Village and Mosudo have
been completely absorbed into the city and physical develOpmentb
_has stretched almost as far as the gate of the Uﬁiversity.

A new industrial area has also developed along the
Adéwole Estate road and A§a Dam road. Notable amongst them
are Steel;ab Ltd., Sax (Nig.) Lfd., Global Detergents Ltd;,
and Adal Industries Ltd., Also here, Joro and Osére Villages
have merged with Odota bringing all under the city's sprawl,
" The sprawl can also be noticed along the new south link

road linking Asa Dam road with Ajassepo road. This road
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now has both residential and industrial developments
along it and can serve as catalyst for anothgr 'leap -~
frog' form of urban sprawl.

Fig 5.5 shows the built-up area of the city by 1988
while Table 5.7 shows the analysis of the land use pattern.

Table 5.7 Land Use Analysis Of Ilorin 1988

Land Use Category Area (Acres) | % of Built-Up Area.
Residential 5,623.0 49.81
Commercial 736.9 6.53
Industrial 405.3 3.59
Institutional 1,865.4 . 16.52
Transportation 2,425,5 21.48
Recreation and

Open Spaces 233.5 2,07

Total 11,289.6 100.00

Sources: 1. Author's Analysis of Data Exfracfed From

1982 Aerial Photograph Of Ilorin.

2, Avuthor's Land Use Surveys, 1988,

The analysis shows that 5,623.0 acres (2,249.2 ha)
representing 49.81% wos devoted to residentiafmﬁﬁe while

2,425.5 acres (970.20 ha) representing 21.48% wos.devoted

p——
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to transportation use. The area aevoted ;o institutional use
amounted to 1,865.4 acres (746.16 ha) ;epresenting,16.52%‘
while that deVOted.to commercial use 'was 736.9. acres
(294;76 ha) representing 6.53%. Industrial land use occupied
405.3 acres (162.12 ha) fepresentiné 3.59% whilé(recreationul
.use and open spaces occupied 233.5 acres (93.4 ha) represen-
ting only 2.07%.

The trénd shows that residential land use still had
the highest percentage of total bOilf-up oreas.éf the city
while trqnsportafion land use ranked second. Wﬁile the
increase in the total area occupied by residential land
use could be attributed to the absorption of gmolllsettlg—
ments surrounding the city, more residential devélopments
had also taken place in all parts of the city to increase
~housing provision.

New roads provided in the city and the links with
absorbed villagéﬁ increased the area devoted to transport-
tational land use. The increase in institutional use
couvld be attributed to further develobments in this use
category while more intensive commerciai activities could

be found all over the city and along major arteries. There
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was also significant growth in the industrial development
while recreational use and open spaces also contributed

significantly to the total built-up area,

Composite Growth Pattern (1963 - 1988)

_The foregoing discussions show that Ilorin has a
morphology which is often referred to as a two-in-one
structure. This is due to the two historicol'sections
of the city, the old and the new parts. The growth
of the city could be primarily attributed fo its
gradvation from a provincial headquarters to a state
capital in 1967. Like many other urban cenfres in
Nigeria with the same experience, the city4bégan to
receive an influx of people from all sphere§ of life.
The job maorket then was also generally expoﬁding and
attractive for the skilled, Consequently; the centripetal

forces of urban expansion came into play.‘ The city

'begah to experience growth in its areal extent due

to residential development, road development and

[onp— PPN wrmmre
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institutional buildings. Generally, the groch of Ilorin
can be attributed to the changing economic base of the
city (Olorunfemi, 1985).

Fig 5.6 shows the composite growth pattern of Ilorin
between 1963 and 1988 while Tables 5.8, 5.9 and 5.10 show
changes in land use pattern.

Table 5.8 shows that the rate of change of residential
land vse between 1963 and 1973 was 5.9 percent per annum
while commercial land use changed at a rate of 3.2 percent
per annum, The rate of change of industrial land use was
36 percent per annum while that of institutional land use
changed at a rate of 6.4 percent per annum. Transportational
land use changed at a rate of 4.2 percent per annum while
recreational land use and open spcc;s changed at a rate
of 0.8 percent per annum.

The overall rate of growth of urbﬁn land for the city

between 1963 and 1973 was 5.2 percent per annum.
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Author's Data Analysis, 1988,

Table 5.9 shows a summary of land use changes in

Ilorin between 1973 ond 1982,

The table shows that the

rate of change of residential land use between 1973 and

1982 was 6.4 percent per annum while that of commerciol

use was 4,6 percent per annum, The rate of change of

industrial land use was 45,2 percent per annum while

institutional lond use changed at a rate of 12,8 percent

Table 5.8 Land Use Changes'ln Ilorin 1963 - 1973

Ty Percen-|Rate.
t““d Use 1963 1973 éf:°l”te tage | OF
ategory ange Change |Change
Residential 1,876 2,982.5 |1,106.5 58.98 | 5.9
Commercial 295,25 388.15 92.9 31.46 | 3.2
Industrial 10.5 48.75| 38.25 |364.29 |36.3
Institutional 217.00 355,00 138 | 63.59 |-6.4
Transportation 512.28 727.78| 215.5 42,07 | 4.2
Recreational And 1‘ |
Open Spaces 178.58 192.5 13.92 7.79 | 0.8"
Total - 3,089.61 | 4,694.681,605.07 | 51.95 | 5.2 .
Source:

per annum; Transportational land use recorded a rate of
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Table 5.9 Land Use Changes In Ilorin 1973 - 1982
Land Use Absolute Percentage Rate .
c 1973 1982 ch o Ch o of -
ategory ang ~hang Change
Residential | 2,982,5 4,700.46 |1,717.96 57.60 7“604' |
Commercial 388,15 548.91 160,76 41,42 4.6 .
Industriel 48.75 247 .2 198.45 |407.08 45,2
Institu- ' :
tional . 355.00 764.78 409.78 115,43 12.8
Transpor- : o
tation 727.78 | 1,447 .15 749 .37 98.84 11.0
Recreation " '
and Open
Spaces 192.5 217 .00 24.5 12.73 1.4
Total 4,694,68 )7,925.5 3,230.82_ 68.82 7.7
Source: Author's Date Analysis, 1988,

change of 11.0 percent per annum while recreationel land

use and open spaces changed at a rate of 1.4 percent per

annum,

The overall rate of growth of urban land for the

city between 1973 and 1982 was 7.7 percent per annum.

Table 5.10 shows the land use changes between 1982

and 1988.

The enalysis shows that the rate of change of

- residential land use was 3.3 percent per onnum while that
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of commercial land use was 5.7 percent per annum,

Industrial land use changed at a rate of 10.7 percent per

annum while institutional land use changed at a rate of

24.0 percent per ennum,

Transportational land use changed

at a rate of 11.3 percent per annum while recreational use

and open spaces changed at a rate of 1.3 percent per annum. - -

The overall rate of growth of urban land for the city

_between 1982 énd 1988 was 7.1 perbent per;anhum;~mw

Table 5.10 Land Use Changes In Ilorinvl982 - 1988

Rate

Land Use ' Absolute | Percentage

1982 1988 . cof
Category | Lhung? Change Change
Residential | 4,700.46 | 5,622.98) 922.52. 19.63 3.3
Commercial 548,91 736,88y 187.97 34.24 5.7
Industriel 247.2 405.33) 158.13° | 63.97 |10.7
Institut- ' .
ional 764.78 | 1,865.4 |1,100.62 143.21 24,0
Transport- S
ation 1,447.15 | 2,425.53| 978.38 67.61 11.3
Recreation |
and Open B o 4
Spaces 217.0 233.5 16.5 7.6 1.3
Total 7, 925.5 1,289.12 A2 .44 741

3,363.62

Source: Author's ata Analysis, 1988,
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Comparing tebles 5.8, 5.9 and 5.10 it can be
observed thet whereas there were increases in the rates
o% change of the different land u;es for j§63 - 1973 and
1973 - 1982; the trend for 1982 - 1988 has been a slowing
down in the rate of change of the land uses in the city.
Similarly, the change in the overall rate of growthl |
f;r the city increased for between 1963 - 1973 and 1973 -
1982 while the city experienced a small reduction in the
rate of growth between 1982 - 1988, This trend in the
city's rate of growth could also be attributed to the
chenging economic base of the city.

The period before 1963 covered the pre-colonial
and colonial periods when Ilorin was only'q'provincial
. headquarter = and had low economic base, Tﬁe creation
of states in 1967 brought Ilorin to a state capitgl and
during the early 1970's the city benefitted from the oil
boom era end thus experienced a lot of physical expansion.
This‘trend continuedtill‘early 1280 when_the pace of
expansion of the city started to slow doﬁﬁ.” Thus the

low change in the overallrate of growth of the city
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between 1982 and 1988 could be attributed to the ocusterity

measvres introduced in the country.

Table 5.11 shows the land use chqngés Letween 1963
ond 1988, The analysis shows that the rate of change
of residential land use within this 25 yémrs'pcriod WS
8 percent per annum while that of commercial land uée
was 6,0 percent per annum. Industrial lond vse within
this period changed at o rate of 150.4 perecent per annum
while institutional land vse changed at o rote of 40,4
percent per unnum. The rate of chuange of trenzpertotional
lond vse was 14.9 percent per annum while the chanye in
recreational use ond open spoces within this perind woz
at a rate of 1.2 percent per annum,

The overall rate of growth of urhan land For the
city between the span of 25 years from 1942 to 17
10.6 percent per aonnum. The trend in the rote of growth
of land use within this period shows that the zates ars
generally higher than those for 1962 - 1272; 1%73 - 1782
ond 1282 - 1983, Also there hos beon Trgméndnus change in
the growth of industrial land use comparnd with the pnsition

<

in 19262,
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Table 5.11 Land Use Changes In Ilorin 1963 - 1988

Percen-| Rate

Land Use 1963 1988 | Apsolute tage | Of

egory nge Change | Change
Residential]l 1,816 5.622.98| 3,746.98 199.73 | 7.99
Commercial 295,25 736.88 441,63 149.58 | 5.98
Industrial 10.5 405,33 394,83 3,760.29 |150.41
Institutio~
nal 217.00| 1,865.4 1,648.4 759.63 |30.39
Transport- -
tation 512.28| 2,425,531 1,9213.25  373.48 | 14,94
Recreation
And Open :
Spaces 178,58 233.5 54,92 - 30.75 1.23
Total 3,089.61)11,289.12 8,199.51. 265,39 [10.62
Source: Author's Data Analysis, 1988
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However, the overall rate of growth of urban‘land
shows that the city has been ex;eriencing_significant
spatial expansion. Whereas the overall rates of change of
vrban land were 5.2 percent per annump for 1962 - 1973;

7.7 peréent per annum, for 1973 - 1982; the rate experi-
enced @ slow down to 7.1 percent per annum for 1982 - 1988,
Also the overall rate of change of urban land for 1963 -
1988 is 10.62 percent per annum. Thus overall, the city
has been expanding for the period before 1982 but has
started to slow down its pace of devélopment'since 1982.

The foregoing analyses explain the changing morpho-
logy of Ilorin. Although the trend just described gives
a picture of the changing morphology of the city, it is

desirable to explore whether the growth conférms with any
existing model,

Figure 5.7 depicts the grow%h of‘builf-Up area of
the city. The curve also shows that between 1963 - 1973
the city witnessed spatial expansion. Also the period
1973 - 1982 experienced further growth iﬁ the area of

the city. However there was a decline in the growth
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between 1982 - 1988. Such a pattern of gro&iﬁmcaﬁmsesfﬁ

be described by three components of o diffusion process

namely, primary, expansion and condgﬁsotion or declining

phases; (Brown and Cox, 1971, Jﬁnes, 1966, Casetti, 1969).
This S —.shaped-curve>désc;ibing,the course of a

diffusion process is known as a logistic curve. It is

a very common one in diffusion problems, and thefe afe

good theoretical and empirical reagons why such a curve

describes many processes of diffusion. The logistic curve

is vusually represented mathematically by thé'équation

P = U

1+e?” bt

in whiqﬁ U represents the upper limit of growth, The letter
e is a mathematical constant with the approximate value

of 2.7183. This constant is raised to the power or

exponent g - bt;, where @ and b are pcrticﬁlar values
thof will change from one diffusion problem to another.

The vulu; a controls the height above the t'(fime) -

axis where the S - shaped curve starts, whilé b determines

how quickly it rises.
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Thus the period when the city originoted represents
the primary stage of the diffusion process, those between
1963 and 1973 end also between 19}3 and 1982 represent
an expansion period before an equilibrum stage was
reached. The diffusion processes can be described in
relation to the economic climate of the country and how
it has affected physical development. The primary stage
represents when the city started to develop both physically
and economically.

The expansion stage can be described as falling within
the period when the city started to witness rapid physical
development more especially from 1967 when it became a
state capital and also during the period of"oil'boom"
when the economy of the country was buoyant. This period
was reflected in every sphere of the country's development.
The declining stage of the logistic curve in which the
rate of growth of urban lend slows down falls within the
period of "austerity" when the economy of the

country began to experience a down turn. This stage is
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is still being experienced in the country now and has
affected all spheres of the country's development.

Thus for, on attempt has begn made to describe
the changing morphology of Ilorin and its effect on the
expansion of the city. In like manner, there is the
need to understand the pattern and characteristics of
network development in the city in order té provide the
réquired background for the understcnding.éf the relation-~
.ships_between road development and urban expansion.
Thus the focus of the next chapter is on the evolutién

of routes in the city.



CHAPTER SIX

SPATIAL PATTERN OF ROAD DEVELOPHENT

In Chapter IV, various aspects of the routes in
Ilorin were discussed. Eight routes were selected
for specific attention and studied with reference
to their quality and troffic corrying g@p@city.

In this chapter, the important aspect of the
evolution of the urban roads are discﬁssed as they

affect the morphology of the town.

 The Network Factor In Urban'Devélopment

A network has been defined as o;geometric
structure designed to tié together two or more
places located in space, (Abler, Adom§ and Gould,
1972). It may therefore be considered as a set of
points and lines such that each point.;epresents
an origin, an intersection, or o terminal or a

major settlement located on the road and each line

me—es U

corresponds to an existing route, Road network
constitutes on important element in urbon development

as roads provide accessibility to the different land
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uses in an urban area. Thus fhé proper functiocning of
an urbon area depends on an efficient trdnsportation
network. So imporfcnt_is the network factor in urban
development that cities are inccpabléiof existence except
when ngquate transport fa?ilities exist.vj |

Because of the importance of road netwerk, a lot of
otteﬁfion has been given to it on a regional level using
various opprooches such as the morphological approach,
functional approach ond topological approach. 1In recent
times,lhowever, the topological approach using the Graph- .
theoretic method has. turned out to be exfénsively used
because of its quantifiable char?cterist;;s; Such works
include Garrison and Morb;e»(1960) who uPblied graph-theoretic
measures to regional highway networks, Nystuen and vacey
(1961) who analysed functional connections between central
places based vpon communication flows in a network using |
graph-theoretic concepts. Es;entiglly, these works had
been on o regional level, Studies ﬂf infro;urbon network
using the groph-theoretic ¢oncepts'gre.sconty. tor exomple,

Muraco (1972) used graph-theoretic technique in-his study
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of intra-urban accessibilitx Ugunsanya (1986) applied
graph theory for the estimation of traffic flow in
Barnsley, U.K. It is thus believed that the technique
as used even on regional basis cah be extended to the
urban analysis. The maoin advantage of graph thé@ry is
that it provides an appropriate longuage suitable for
measurement aond analysis of the structure of transport-
ation networks.

In graph theorétic applications te transpert networks,
locations or points are interpreted as nodes or vertices
while the routes are links or edges. In fﬁgmregfgnalyww
scale application of graph-theoretic technique, settlements
are token as nodes and the routes as links in a network,

- In the intra-urban application however, £He‘nodes are
considered as intersections or junctions oﬁd:the roéds as
links in the network,(Ugunsanya, 1986)., This allows for the
abstraction of an urban road network as o'Qraph for the
determination of its structural pattern.

In using the graph theory various indices have been

suggested (see Kansky, 1963). In this work however, the

indices used include:
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Alpha index, defined as the ratio between

the actual number of loops in a graph and

the ma*imum possible number. The range of
the alpha index is from O to 1.0 indicating
absolute non connectivity. to perfect connec-
tivity. . X
Beta index, defined as the number of linkages
per place or node and measures the linkage
intensity. The range of the betao indgx is
from 0.5 for minimally connected grdph and
3.0 for moximally connected graph.

Gamma index, defined as the ratio between

the number of edges in o network and the
maximum possible number of edges in.the
graph. The limits of the gamma index are

0 and 1.0 indicoting non-connectivit; to

maximal connectivity.
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(d) Eta index, defined as the ratioc between
the total length of the network and the
number of edges.

To facilitate the discussion on the

intra-urban network studies, this chapter
is divided into three sections viz:
(1) Intra-urban netwofk cnalysi; in Ilorin.
(2) Evolution of intra-urban networks.

(3) Composite growth pattern of network.

6.2 Intra-Urban Network Analysis In Ilorin
In order to study the intra-urban network by
periods, the city's networks have been abstracted
in form of graphs for 1963, 1973, 1982 and 1988,
Only the main road networks were mupped;from

the aerial photographs and used for the analysis,

Figs 6.1, 6.2, 6.5 and 6.7 show the city's road
network patterns while Figs 6.3, 6.4, 6.6 and 6.8

show the graph representations of the networks for

1963, 1973, 1982 and 1988 respectively. The graph
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Fig.6. 3 Graph representation of roadnet work,1963. _ Fig.6.'4.Graph representation of road n}t work,I|973.
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representation of o network is essentially an idealised form
of the network. In such graphs, only topplogicol distances
are shown,

Table 6.1 shows the structural indices of thé city's
networks by periods., From the graphs it can be observed that
in l§63, the city's network had 13 vertices and 17 edges |
while in 1973 the network had 20 vertices and 30 edges. In
1982, there were 45 vertices aond 68 edges while in}]988, |
the network had 49 vertices and 72 edges. This‘trend shows
that the road network of the city has been growing over the
years., |

The values of other structural indices as shown on Table
6.1 show that in 1963, the value of the albha index was 0.24
showing that the network was 24 percent connected while the
value of the beta index was 1.31 indicating tH;;mthéwiink;;;
intensity for the network was 1.31. The gamma index for the
same period was 0.52 showing that the network hqd 52 percent
level of’connectivity while the Eta index or average edge

Vwas 0.71.
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The analysis also shows that in 1973, the alpha index
was 0.31 indicating that the city's network was now 31
percent connected while the beta index was 1.5 showing that -
the linkage intensity had incfeosed to ].5. For the same
period,.the gamma index Qas 0.56 showing thdt'the level of
connectivity of the network had increased to 56 percent
“while the eta in@ex or average edge-had olso_increqsed
to 0.92,

In 1982 however, the alpha index decreaséd to 0,28
indicating that the city's network was then128‘per§ent
connected while the beta index was 1.51. The gamma index for
this'period was 0.53 indicating that the leveIM:% c;;;ec;;;;ty
of the network had decreased to 53 percent while the eta
index,or average edge had,héwever inc:euéed td 0.99. The
decrease in the values of alpha and gamma indicés for fhis
period indicates that there were relétively few alternative
rovtes added to the city;s network. |

In 1988, the olpha index still decreased to 0.26 showing

that the city's network was only 26 percent connected while
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Beta

Number of

Year Alpha Gamma Eta . | Lgngth of
Index Index Index Index |Seaments |Paths (Km)
1963 | 0.24 | 1.31 | 0.52 | 0.71 17 12
1973 0.31 1.5 1.56 0.92 30 22.7
1982 | 0.28 1.51 0.53 | 0.99 68 67
1988 0.26 1.47 0.51 1.19 72 86
Source: Author's Data Analysis, 1988
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the beta index: decreased to 1.47 indicatihg that the
}inkage intensity of the network had also decreased. For
the same period, the gamma index wés 0.51 indicating that
the level of connectivity of the network had also decreased
to 51 percent while the eta index or average edge had
however increased to 1.19.

The increases in the vaiues of alpha, beta and gamma
between 1963 and 1973 simply suggest improvément in the
level of connectivity ard the linkage intensity of the
city's network during this period. The decreases in the
values of beta and gamma between 1973 and 1988 suggest that
during this period, few alternative links were constructed
in the city's network. 1In general, the index values of
beta and gamma in a network have direct correlafion with
‘levels of economic development. The increases in the values
of the eta index between 1963 and 1988 suggesf‘thot the
index was senstive to the economic significcnce of road
development in the cify during this period.

The other facts that emerge from this anq;ysis ore that

the city's network are compact and highly irreducible.
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Also, the fact that the value of the beto index
is greater than unity for each period goes to '
confirm this compactness. [Ihe increases in the

number of segments and length of paths as shdwn

on Table 6.1 are clear indications of the progre-

ssive road development in the city.

6.3 Evolution Of Intra-Urban Network

The evolution of intra-vurban road network in

Ilorin can be describeéd in two phases, The first

phase is the pattern when the city was only a provincial

headquarter. until when it became a state capital in

1967. During this period, some of the intra-vrban

roads were maintained by the Hotive Authority while the’

Federal Government mointained Lagos, Abdul Aziz Attah,
Emir's and Jebba rqods. These roads were pait of the
stretch §f the Lagos - Ilerin - Kadunc:Trunk A road
that links the Southern and Morthern pd;ts‘of thé

country. In the early sixties, the Government of.

Morthern Migeria was responsible for the maointenance of



- 212 -

many of the intra-urban roads such as Balogun Alanamu,
Kaima, Balogun Gambari, Balogun Fulani, Princess, Offa,
Amilegbe and Pakata roads.

The second phase is the deveiopment of intra-urban
roads since it became‘c state capital in 1967. At the
inception of making Ilorin the Kwara State Capital, the city
had to be given a face lift that befitted a state capital.
Thus new roads were built And old ones rehabilitated
especially during the 1973/74 financial year. During the
state's second development plan (1975 - 1980), substantial
financial allocation was made for the develoﬁméht of the

city's intrao-urban roads. During this period, the sum

—_— S

of ¥9.54 million waswollocoted for the const;ﬁéfioambf
14.11Km dual carriageways. These roads inclﬁde Murtala Way,
Ahmadu Bello qu/Suiu Gambari road, Umoru Audilroéd and
Fate road. Further, the sum of #18.424 million was allocated
for the rehabilitation of 22 roads in the city.

In subsequent plans, roads such as Tqiwo; Emir; Lagos
and Gambari - Amilegbe roads were upgraded to dual carriage

ways. Unity road (now Wahab Folawiyo road) was constructed
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during this period. During the (1981 - 85) plan period,
Adewole Estate road, Asa Dam and New Yidi roads were
upgraded and linked with the intra-urban network to improve
accessibility in the city. 1In 1987, the south link road
was constructed to link Asa Dam road with Ajaossepo road.
The growth of the city's road networks can be further

explained by considering the composite growth pattern.

Composite Growth Pattern Of Road Network -

The composite growth pattern of intra-urbon recad network
in Ilorin con be described in terms of the progressive
development of the network over the years. This taokes the

form of both spatial and temporal development of the network.

Fig 6.9 shows the composite growth pattern of the network

while Tables 6.2, 6.3 and 6.4 show the anclyses of the

growth pattern. From Table 6.2, it can be seen that

"between 1963 . and 1973, the alpho index changed by 0.07

indicating a 29.17 percent change, in the connectivity of the
city's network while the beta index changed by Oa2‘indicating'

a 15,38 percent change in the network 's linkage intensity..
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Fbr the same period, the gﬁmma index changed by 0,04 showing
a 7.69 percent change in the level of connectivity of the
network while the eta index changed by 0.21 indicating a
29.58 percent change in this structural index.

Between 1973 and 1982 the alpha index changed by -0.03
indicating a -9.68 percent change in the connectivity of the
city's network while the beta index changed by 0.01 showing
a 0.67 percent change in the network's linkage intensity.
For this period, the gomma index changed by -0.03 indicating

a -5,36 percent in the level of connectivity of the city's

SR

network while the eta index changed by 0,07 indicafigé a'
7.61 percent change in this structural index.:

Between 1982 and 1988, the alpha, index ;hopged by
~0.02 indicating a -7.14 percent change in the connectivity
of the network while the beta index ;hanged by -0.04 indicating
a -2.65 percent change in the network's linkoge intensity.
The gammo index for this period also changed by-—Q.02 indicating
a -3.77 percent change in the level of conneétivity of the
network while the eta indéx changea by 0.2 indicating a

20.2 percent change in this structural index,
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Table 6.2 Changes In The Strucurual Indices UF
' Network (1963 -~ 1973)

“ndises 963 | 1973 | AR e
Alpha index l 0.24 | 0.31 C0.07 | 2917
Beta index 1.31 | 1.5 0.2 15.38
Gamma index 0.52 [ 0.56 0.04 | 7.69
Eta index " 0.71 ] 0.92 0.21 29,58
No of Segments 17 30 13. 76.47
Length of road(km 12 |22.7 10,7 89.17

Source: Author's Dato Analysis, 1988

Table 6.3: Changes In The Structural lndlces Of Metworxk
(19273 - 1982)

lnda 1973 1982 AEEZEZE‘ Chige
Alpha index 0.31 0,28 -0.03 =2.68
Beta index s s .01 - 0.67
Gamma index | 0.56 [0.53 0,03 ~5,36
Eta index | 0.92 ]0.99 0.07 . 7.61
No of Segments 30 68 s 126,67
Length of road(kt) 22.7 67 44,3 155,15

Source: . Author's Data Analysis, 1988
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Further, the total number of road segments betwesn 1963

and 1973 changed - by 13 representing 76.47 percant vhile
the total length of roads changed by 10,7km representing
82.17 percent increase, Between 1973 ond 1982, the total
number of road segments changed by 38 indicating a 126.67
percent increase while the total length of roads changed by
44, 3km repreﬁenting a 195.15 perceﬁt increase. With
respect to the period between 1982 and 1988, the total
number of road segments changed by 4 representing o 5.88
percent increase while the length of roads ch?uged by 1%km

representing o 28.36 pexrcent increase.

Table 6.4 Changes In The Structurel Indices
0f Network (1982 - 1988)

) . Ahealu: o
Sti:S;zZ:l 1982 1788 Aiﬁ:i;;e Ch;nge‘
Alpha index 0.28 0.26 -0.02 ~7 s 14
Beta index 1.51 1.47 ~0.04 2,65
Gamma index 0.53 0.51 ~0.02 ~3.77
Eta index 0.99 1.19 0.2 20,2
No of Segments 68 72 4 5.88
Length of roads(km) 67 86 19 28,36

Source: Author's Data Analysis, 1988



- 218 -

The general pattern of changes in the develcpment
indices show that the network experienced significant
growth between 1963 and 1973. This con be attributed to
the fact that within this period, the city grew from being
a provincial headquarters to a state headquarterd and the
consequent attention paid to the construction of new roads
and the improvement of existing ones.

Between 1973 and 1982, there was still some attention
paid to the development of intra-urban road network but
the strigent measures being adopted hy government in
respect of funds being allocated to all sectors of the
economy affected road construction. The-pnttern of changes
in the network indices between 1982 and 1988 are clear
indications of the general state of the country's economy,
Besides, the initial rapid growth experienqed by the city's
network was commensurate with the city's ropid expansion.
As the city's expansion slowed down, there ﬁus also a
deéline in road construction. Although some improvements
‘were made on existing road networks, no significont con-

struction of new roads took place during this pariod.
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The growth of the city's network is further .
depicted by the curve in Fig 6.10. This is an ottempt tﬁ
see if the development of the road network.in the city
conforms o any e*isting model., As with the growth of
vrban land in chapter IV, the pattern of network growth
in the city conforms to the logistic curve. The cumu-
lative totals of road segments again conform to the primary,
rapid and declining phases of a diffusion process. (see
Casetti, 1969). From Fig 6.10, it can be seen thgt the
period 1963 - 1973 rebresents the primary phase, while the
expansion phase 6ccurred between {973 and 1982, After
1982, a decgleration of road development has started
to set in. The reasons for this trend in roqd.network ' .
growth can be attributed to the changing nature of the
country's economy. Secondly, road networks'cannot'grow
indefinitely. The city's expansion is also a significant

factor in network growth.
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Fig.6.10.Network growthin llorin 1963-1988.



- 221 -

The foregoing analyses of growth in road network
have helped to establish a cOmpliﬁentory form of develop-
ment between road development and urban expansion. These
analyses are however not sufficient for predictive purposes.
The next chapter is an attempt to model road development

and urban expansion for such predictive uses.



CHAPTER SEVEN

MODELLING URBAN EXPANSION

The discussions in chapters V and VI have helped
to elucidate the evolutionary changes in the built-up
area of Ilorin and its tronsportdtion.nefworks. The
results of the mentioned chapters have also shown that
a spatio-temporal relationship exists between the network
development and the spatial expansion of the city. The
evolutionary changes in the network strueture of the city
are controlled by the magnitude of changes in the built-
up area.

However, planning for the growth of o city and
its transportation networks becomes meonigg?ﬁl’igm ﬂﬂﬂﬂﬂ
predictive models of.the.growth of such a cityAand the
structure of its tiansportétion networks_coﬁ be formulated; f

in developing a spatio-femporal modellof vrban
expansion, one must be able to determine thé netyork
structure and urban form of o city at any given time.
Such a model can then be used to simulate the form

of a city for a predetermined network pattern. This
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chapter i; éoncerned with the identification df
basic factofs of urban expansion and the use of
such factors for the modelling of urban éxpansion
in Ilorin. The chapter is also concerned'with the

simulation of the growth of the city.

Factors Of Urban Expansion

In modelling urban expansion, it is important to

identify those factors responsible for the morphology

of a city. Such foctors can then be used-fo establish
a relationship between the form of a city at any given
time and one or more of the identified independent
variables. Thus a change in the values of the indepen-
dent variables is accompanied by a chaﬁaé ihm;he form

of the city. An important requirement of the

~..independent yoriobles-isuthatutheyﬂmust.be-both~meusu-'

rable and amenable to accuraté foreca;ting; This is

necessary in order to make rélidbie forecasts of the

form éf a city given a set‘of ihdependent variables,
In this study the factors considered to be useful

explanatory variables for determining ‘the morphology

of a city at a given time are:
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(i) Population of the city (ii) city's level of
industrialisation (iii) level of retail trade
(iv) provision of amenities (v) Urban services
(vi) Land speculation (vii) Transpor;ution-

(viii) Land use

(a) Measurement of Explanatory Variables

Table 7.1 indicates the selected explanatory

variables and the methods for measuring them,

Population : |

~

The first explanatory variable is the population
of the city. The choice of poﬁulotion as an explanatory
variable is based on the fact that urban centres both in

developed and developing world attract population in the

form of rural-urban migration. Lampard (1255) attributed
this drift in population to the odvdntdgés of access to '
metropolitan labour pool. 1In fact Czqmanski(]?éd)
emphasized that job-creating investments result in a

city's population growth,
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Table 7.1 Explanatory Variables and Their Measurements

Variable Surroéute leasure
1. Population Population for different periods
2, 1Industriolisation| Industrial empioyment |
3. Retail trode Employment in retail trade
4, Amenities Primary School Qnrollment
5. Urban Services Water consumption per capita
6. Land Speculation | Land cost per plot |
7. Transportation Per Capita Incomé
8. Land use Total employment

Preston (1971, 1972) attributed the attractive nature
of the urban centre to the oppﬁrfunity of attractive job
markets in city centres while Johnson (1972) idéntified
improvement in medical techniqugs, in sqnitation and in
the general standard of living as factors leading to
natural increase of pop;lation‘in urban centres. The
effect of continuous urban population grqwth is an
increasing demand for more housing and dqnsequently urban

expansion (Clark, 1965).
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In Nigeriaq, there‘is the concentration of employment
oppoftunities aﬁd better.stondurd ofiliving in vrban
centres which continuvously attract Eopulotion. Thus rural-
urban migration becomes a significant facter 6% rapid
population and consequently urban gfowth in these urban
centres, For example, average annual rates of growth of
urban populations in Nigeria were found to be'3;8 percent
for 1965 - 1970; 6.2 percent for 1970 - 1975 and 5.8
percent for 1975 - 1980 (E.C.A., 1980). This trend in
population growth in urban centres of Nigeria is sure to
continue and population has therefore been chosen in this
study as a contributory factor to urban equnﬁion.

As for the measurement procedure, pqpulction data
in a time-series form are generally scarce fﬁr ;ndividuul
cities (Richardson, 1971). Most population fiéures used
'for planning purposes rely on census information and
their projections; The population census_figure'for Ilorin

for 1963 and its projections were used for this study.
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Industrialisation

The second factor in explaining urban expansion is
the city's level of industrialisation. Industriolisation
is the degree of industrial development of an area.
This fdctor is considéred important because industriaol
development has been identified as the leqdinélsector
of economic growth due to its high linkcge$ (Myrdal and
‘Hirshman, 1957; Friedmon, 1966). The rate of urban
development is in direct proportion to the rate of
economic growth.

Preston (1971) identified industrial dispersal as
one of the forces shaping urbhh-pctterne. He contends
that the nature of industrial developments egpecially
large enterprises seeking such locations as. the urban
pefiphery, results in.indUStrial dispersal qdd cbnse_
qﬁently urban growth. Similarly Green (]966)‘found a
significant relationship between city growth aond
employment in local market-oriented iﬁdustrieg while

Blumenfeld (1965) contends that fast growth in cities

"depends on the local service industries. Industriali- —

sation is therefore considered an important factor in

uvrban growth.
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_In meosuring industrialisation, Lipton (1977) used
capital expenditures by manufacturers asﬁwell as the
level of blue-collar workforce to measure the level of
manufacturing activity in twenty United Sfctes cities,
ureen (1966) on the other hand suggested térfiary
employment as a proxy for the measurement of the level
of a city's industrialisaotion while Oyebnnji (1981)
used percentage of population engaged in manufocturing
industry os a measuré of industrial growth,

Daota on capital expenditures by manufacturing
industries are not available for Ilorin. Tﬁus data on
the number of workers engaged in manufacturing employment
in the city were vused. |

Commercial Activities

The third foctor is the commercial activities in
the city. This factor is considered important because

troditionolly, business is associcoted very closely
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with the people and also urban growth. “According to
Trewartra (1943) there is a close relationship between
people, settlement and commerce. Commercial development,
espec%olly‘retuil trade, is usually considered to be
consequent to developments in other secto?s; Indeed, some
scholars consider the spread in retail trade through the
development of shopping centres as a catalytic factor
attracting other economic and residential entérprises
(Epstein, 1967; Mulier, 1981; Morrill, 1982; Steiness, |982)o
According to them, an increase i the number of major retail
centres in an urban area could be associated with the area’s
devélopment. Epstein (1967) identified_two mﬁjor types of
commercial development in the urban expansion, These
are consequent commercial expansion and catalytic commercial
expansion. \lhile consequent commercial expansion is a
response to an observed established market=-potential as is

exemplified by commercial strips alony business streets,

catalytic commercial expansion is a rewction to already
established residence and is seen as a major force that

acts as a spur for further urban grovth.
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As‘for measurement of commercial aqtivities,
Krakover (1982) used the'numbgr of employees engaged in
retail activity as a surrogéte measure for commercial
development. ' In this sfudy data ;n employment.in retail
trade is also used as a pfoxy for commerciol development

in the city.

Social Amenities

The fourth factor is provision of amenities. The
extension of amenitie$ to different port$ of an urban
area brings land within suohtareas closer~fo the point of.
actual aevelopment. According to Preston Tl971)76ne of
the forces stimulating urban development i; the immigra-
tion of numerous people to the urban areds because of
'opéortunity fo enjoy émenities such as schdois, woter,
electricity etc. Svuch living needs are usually numerous

at the fringe because of accessibilities resulting from

vrban expansion. turther, urban dwellers seek housing
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environments which offer accessibility to urbon facili-
ties (Clark, 1965). Thus thejﬁeorch by u;ban dwellers -
for housing'environmenfs which offer accessibility to
urban facilities result in vurban expansion._

The problem usually encountered with the measurement
of amenities is the choice of upprdpriqfe ;urrogate
measure due to the multifaceted nature of this factor.
One approach is to regard provision of amenities as
indicator of urban development. Using this.notion, Berry
(1961) suggested energy consumption per coPifd,'volue of
imports and population density as possible measures of
development of an area, Berry came up with 43 such

measures and contended that any one of them might serve

as an index of development in an appropriate foshi;;.
On the other hand Nichols (1969), Moseley (1973), Pred
(1976) contended that composite as well as sﬁqgle-
dimensioned variables can be used to represent development
indices. Using this notion, Krakover (1982) used growth
in retail trade sector to analyse the spatinl:reor—
ganisation of growth in urban fields in the ééstern

United States.
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In this study, data on energy consumption and
population density are not available for the city.
Provision of educational facilities measured in terms
of enrolment in primary education has thug'ﬁeen vsed
as an index for provision of amenity. This is because

primary education is free and universal in Nigeria while

secondary and tertiary education are cptional,

Urban Services

The fifth factor is closely related to the fourth,
The point of divergence that has not led té greuping
them together is that urban services are those essential
services that make the city to function. Among#t the
essential services usuaily cited in the litéroture are
woter and electricity, sewage disposal systems ond

convenient means of transportation. The need for the

provision of yrban services commensurate with urban

population growth has been pointed out by labogunje (1973)
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and Adeniyi (1978). 1In many of these urban centres, the
inability of urban governments to adequotély provide

urban services lead to overstretching of the services and
the spread of slums. Té the extent that expansion
necessitates the extension of these services to newly
developing areas, Harvey and Clﬁrk (1965) have suggested
that the economies of uvtilities may induce sprawl in the
uncontrolled periphery. Also Clawson (1962) has pointed
out that the provision of new services in an urban area
gives a fillip toward further development., Thus provision
of urban services has been identifigd as a factor of urban
expansion,

In measuring the level of provision of .urban services,
indices such as water consumption per cupita.and electri-
city consumption can be used (see Befry 1962). 1In this
study, information on electricity ;onsumption per capita

were not readily available. Hence, water consumption per

capita has been used.
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Land Speculation

The sixfh factor is land speculation. Loand specula-
tion entails the with-holding of land for developmenmt in—
anticipation of future high land prices. Such expecfctions
of future land prices and dates of maximum net.goins fesults
in the pfemature subdivi;ion df land and undoofdinated
development. According to Harvey and Clark (i965), the
consequences of independent increamental additions to
urban land is a growth process permitting a spfcwl pattern,
Further, Clawson (1962) has argued that Urbon.Sprowl and
speculation in row suburban land are the natural consequ-~
ences of the economic and social processes in an area.

For example, the independence of placement and timing of
speculative ventures permits a sprawl pattern. It is
this lack of coordination of the decision to speculate
which pr;duces sprawl,

As for the measurement’of land speculation, Clawson
(1962) has suggested that when land comes within the zone
of suburban influence, for possible later development, its

prices and taxes often rise. It is therefore considered

reasonable that a surrogate measure for land speculation
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is the chonging cost of lond. Thus the cost of a plot
of land for different periods has been chosen as a

measure of land speculation,

Transportation

The seventh factor is transportation., Transpor-
tation has been identified as a catalyst of urban
expansion. According to Harvey‘and Clark (1965), it
.is>the uutémobile which permits access to remote areas
that provides the essential condition which allows
expansion to occur,

Thus over time, transport provision has promoted
the outward expansion of cities., According to Beesley
and Kain (1964), the city evolves through time in ways
which depend upon the sequences in which‘chonges in
" land use and movement facilities are int;oduced.
“Scholars have looked at the measureméqt of trans-

portation facility from the point of view of urban travel '
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demand and trips generated by the inhabitants
of a city. Such a demand is a function of income
level, car ownership and personal preference.

According to Bruton (1970), rapid car ownership as

well as improved local transport facilities accele-
rate the trend of trips from the city centres to
'the fringes of the cities. On the other. hand,
Maunder (1982) observed that trip moking.fncreasés
with income. Thus the higher %he income, the
higher the number of trips made. Per cébita income
has thus been used in this stqdy as a measure of

travel demand in the city,
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. Land Use Control

The eighth factor is land use control of the city.
The importance of land use control as a factor of urban
expansion is that inefficient land use control and
failure of government to prevent heterogeneous land uses
contribute to urban expansion (Harvey and Clork; 1965).
According to Preston (1971) gfowth in certain areas of
on urban centre can be stimulated in their eorly stages
by the search for cheap land. This search, if not
controlled, scatters urban development and contributes
to sprawl.

In measuring lond use, Starkie (1967) put forward
gross or net income sales, employment size and floor
space area as surrogates for estimating different types
of land use in a city. Ogunsanya (1982) ;sed empleoyment
size as a surrogate measure for land use in Lagos
metropolis. Employment was considered useful because
there is a relationship between a land use typé and

the number of beople employed (Also see Oduola, 1973).
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In this study, employment size has also been adopted
as a surrogate measure for land use because data on net

income sales and floor space area were not available for

the city.

Regression Model Of Urban Eprhsion

The approach adopted here in modélling urban expan-
sion is to identify the salient variables to use out of
the'inaependent variables hypothesised to be factors of
urban expansion., The identified variables are then usea
to simulate urban growth.

-~ From the foregoing discussion of ‘factors of urban
expansion, it can be conceptualised thaf the growth of
the city is influenced by a set of independent variables
X1, X2, X3, ceccessss X8, and that a rélqtionship exists
such that | |

X] represents population of the city

X2 represents city's level of industrialisation

3 represents level of retail trade

X4 represents provision of amenities
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represents urban services

6 . represents land speculation

X7 .represénts transportation
X8 fepresents land use '
Y ‘'represents the built-up area of the city.,

By this approach, we seek to derive an equation which
. weights the individual independent variables according to
their effects upon the dependent variable, Thus
equation (1) can be made operational in the form of a
multiple regression equation.

Y = a+ b,x, + b,x2 + ceeees + b8x8 + e mmmme (2)

171 2
where b], b2 cesess b, are the weights determined by

8 .

empirical evidenée, a is a constant (the intercept) and
e is the error term which explains the effects of the
unspecified variables. Using the values of fhe built-

up area of the city at different periods as the dependent
variable and the factors of urban expansion as the
independent variables, it is possible using thé least
squares technique to establish the values of the o'

and b's. Such use of the least squares techniques

assumes that the relationship between the dependent and
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independent variables is linear. E&Even if the relationship
between the dependent and independent variables is not
linear, Chisholm and 0'Sullivan (1973) have explained
that such non-linearity could be neglected.

Th; regression procedure selected for the analysis
is the stepwise regression. The stepwise regression has
the quality of selecting those independent voriables that
statistically explain the greatest variance in the
dependent variaobles, The independent variables that enter
the regression equation each individually cnd'independently
explains part of the variance in the dependehf'vériables.

The outline of the steps involved in the ;tepwise
procedure according to Draper ond_Smith‘(l966) and
reported in Ogunsanya (1984) are:

Step 1: Compute the simple correlation coefficients
between the dependent and independent variables
and select the variable with the highest

coefficients, X4 say for the regression equation,

Compute the partial correlation coefficients

Step 2

and select the variables with the ‘highest

partial coefficient as the next variable X],
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Step 4:
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Cdmpute_régression equation Z = f(X4, X]) and
using the criterion F] to exclude and F2 to
include, decision is made whether to retain

X, in the light of including X The partial

4 1°
correlation coefficient for the remaining
variables are computed and the next variable

X say, is selected as in step 2.

2'

The regression equafion Z = f(X4, X X2) is then

1
computed and X4 and X2 are examined as to their
significance. The decision is theﬁ.made as to
whether they should be retained. before an addi-
tional variable to be included is detérmined as

in step 3. This continves until all the variables .

are exhausted and the final best equation selected.

The computatien for this analysis was done on the

University of Ilorin Micro-Computer AMSTRAD Model PC

1512 DD,
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7.3 Results Of The Regression Model

Before further discussion of the model out-
put explaining the relationship between the depen-
dent and the identified independent variables, it
ié pertinent to consider the coefficients of
correlation obtained for the pairs of eight vﬁriables
listed in Table 7.2. The coefficient of correlation
quantifies the relationship between two observed
geographic factors dnd shows the direction and
strength of-relationship between the Yoriables.

A detailed analysis of the toble.réveals a
number of interesting relationships. First is
the fact that most of the coefficients of corre-
lation are positive indicating the tendency for the
variables to increase or fall together. Secondly,
the dependent variable has high corrélation coef-
ficients of 0,97, 0.95, 0.98, 0.94, 0.77, 0.95 and
0.97 with X

1

X3 (commercial employment), X4 (Amenities provisioh),

(population),}(2 (industrialisation),
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Table 72 Correlation Matrix Of The Dependent And Independent Variables

v X, X, Xs X, X Xy X, Xg
Y 1.0000 |
X,  0.9709  1.0000

X,  0.9548 0.9866  1.0000

x3‘ 0.9751  0.9989 0.9891 1.0000

X, 0.9382 0.8483  0.8025 ~ 0.8576  1.0000

Xs 1 0.7695 0.7886 10.6806  0.7758 * '0.8000 1.ooob

X,  0.9505 0.9847 ~ 0.9937  0.9867 ~ 0.8118 0.7112  1.0000

X, 0.9704) 0.9983  0.9760 . 0.9967 0.8604° 0.8198  0.9751  1.0000

X8 -0.1107;'—0.0281 ~0.0743 -0.0410  -0.2085 -0.0416 -0.1533 -0.0030 1.0000

o
Sourcz: Computer Output
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X5 (urbén services), X6 {land speculation), and X7

(land use) respectively. Also many of the variables
ore inter-ﬁorrelated. For instance, X2 (industria-
lisation) has 5 high correlation coefficient of 0.99
with X] (population) while X3

has correlation coefficients of 0.99 and 0,98 with X

(commercial employment)

1

(population) and X2 (industrialisation) respectively.

(amenities provision) has correlation coefficients

X4

of 0.85, 0.80 and 0.86 with X, (population), X, (indu-

1 2

strialisation) and X, (commercial employmgnt) respec-

3

tively, while X5 (urban services) has correlation

coefficients of 0.79, 0.68, 0.78 and 0.8 with X,

(populution),X2 (industrialisation), X (comhercial

3
employment) and X4 (omenities provision) respectively,
, X6 (lond speculation) has correlation coefficients

of 0.98, 0.99, 0.99, 0.81 and 0.7 with X. (population),

1
X2 (industrialisation), X3 (commercial emp{gxmqul!
x4 (omenities provision) ond X5(uxban services)

respectively while X7 {land use) has correlation

coefficients of 0.99, 0,98, 0,99, 0,86, 0.82; and
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0.98 with X1 (population), X2 (industriolisation),
X3 (commercial employment), X4 (amenities provision),
X5 (urbon services) and X6 {land speculution) respec-
tively., [This results in the problem of multicolli-
nearity being built into the model. Howeyer, the
stepwise regréssion technique adopted has the inherent
advantage of overcoming the multicollinearity problem
such that only those variables that make the gredtest
contribution to the dependent variables are selected.

A further observation of the analysis reveals that
X8 which is land use in the cityvhos consisteﬁtly low
and negative correlations with both the dependent and
other variables., This may be due to the féct that this
variable, which is represénted by the totul»employment
in the city, was estimated by consideringimainly secondary
and ‘tertiary employment in the city. It Qdé not possible
to obtain an accurate figure for the numbe;-of people

engaged in primary occupation.



- 246 -

However, the results of the correlation analysis
must be interpreted with caution because deductions |
from such analysis are subject to liﬁitations of
statistical generalisation.

Thus the dependent varioble was fufther regressed
against the independent variables using the stepwise
procedure. The stepwise regression selects only two
of the independent variables. These variables. namely

(Xa) representing commercial emploYmpnt and (X4),

representing schools enrollment as a surrogate for
amenities, both account for 99.01% of the total
variation in the dependent variable. This indicates
that the two factors combined explainga-reasonobly

the spatioal variatipﬁ in the built-up area of the city.
Table 7;3Ashows the summary for fhe sképwise regression

analysis.
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Table 7.3 Regression Summary For Uependent
. And Independent Variables

Uependent [Independent |[Regression Standard| Computed
Variable |Variable Coefficients|Error " |F - Value
' X3 0.13899* 0.02407 33.36
Y
’X4 0.03003* 0.00869 11.92

Source: Computer Output.

R2 = -0,9901: Regression Constant = 2,30676

* Significant at 00,1500 level,

Multiple regression equation is

Y = 2,30676 + 0,13899 X3 + 0.03003,X4-;
where Y = Built-up Area; X3 = Commercial emploYmant;
X4 = Schools enrolment. '

From the regression summary, the coefficient of deter-
mination (R2) is 0.9901 implying that only 0.99% of the
total variance is unexplained by the combined influence

of the two independent variables. It is usual to seek
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for additional elements of the environment responsible
for the remaining unexplained 0.99%. Other elements
that may probably account for the unexplained variance
are ethnic segregation whereby the traditional area of
the city is inhabited mainly by the indigenes while the

new areas are occupied by the non-indegenes.

Table 7.4 Summary Of Residuals

Observed Computed Residual
1963 3.08961 3.09391 | -0.00456
1968 3.98091 3.62368 0.35723
1973 4.69468 | 4.72010 -0.02542
1978 6.21173 6. 83406 -0.62233
1982 10.00055 9.85529 0.14526 -
1988 11.28960 | 11.00557 0.28403

Source: Computer Output.
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Table 7.4 shows the summary of
This summary explains the deviation
expected from the observed valves.
S;tion shows that the residuals are

from -0,62 fo 0.36. 1t can also be

;esiduols.
of the

The distri-
low ranging -

seen from

the table that three of the observations record

positive residuals while the rest three record

negative residuals.

The model of urban expaqsion‘jusf obtained

provides the essential ingredients for future

simulation of the city. The next subsection is

an attempt to simulate the city's growth.
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Simulating Urban Growth

HMost of the dnalytical models used for describing
urban growth are of the Qeterministib linear regression
type (Czamanski 1964; tackschman and lansen, ?965). But
according to Lowry (1964), a model of the metropolis
should ideally be a dynamic system. The model should
incorporate time lags, inertia factors, sequences of
decisions and dynamism that are apparent in any city
system (Colenutt, 1970). Further, the non-incorporation
of the time elemént into many of the lineér urban models
results in the production of models that Lowry (19547 has
termed "an instant city". In such model;, each new pattern
Tof Urbcnvdovelopmeht is predicted independently which for,
predictive purposes could be unreliable.

Thus in our attempt to simulate urban growth, we arec
interested in building a set of models that will permit
experimentation with urban form and structure and predic-
tion of the future spoatial potfern and operation of the

city. Such experimentation or urban simulation modelling

is not new. Infact simulation modelling is quite well P

documented in Batty (1972).; Brown ct al (1272); Goldberg

Lanr B TP T
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(1973a); Goldner, (1972); Harris (1965 and 1968); Putman
(1972); Sweet (1972); Wilson (1969) and Ayeni (1979).

In spite of this, simulation still remains an important
technique for identiinng future situation where a
stochqstic process is required,

Our choice of a suitable model depends on the
objective of study such that we con express relationships
between variables and the rules for modelling our concept.
Model builders have tried a variety of methqdﬁ for the
predictive modelling of various phenomena-multiple regre-
ssion and simulataneous equation systems (Loy;y, 1964;
Hill, 1965; Kain 1962; Scott, 1968); linear programming
(Herbert and Stevens, 1960; Schlager, 1964) ;;; pféﬂh- o
bilistic models such as Markov Chains (Harris, 1965) and
Monte Carlo simulation (Morrill 1965; Chapinlapd Weiss,
1964). While linear models are represehtativé of the
deterministic modelling approach, Markov Chcin.models
and Moﬁte Carlo simulation are probabilistic.'

The Monte Carlo simulation approach has:often been
adopted in Geographic research becAUse most researchers

in Geography subscribe to the view that observable
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results of location decisions and acfions appear to

the observer as though fhey are gove;néd by probabi-
listic laws (Dacey, 1975). 1In addition, urban system
has a number of properties that do not maoke it amenable
to simulation by deterministic-equution‘systems. :Prqce-
sses seem to be probabilistic gnd subject to possible
random fluctuations and &isturBances that cannot be
incorporated in a linear model. Thus Monte Carlo
simulation has frequently been hroposed'ogxthe natﬁrcl
framework for both inQestigating and ekperimentihg with
urban phenomena, (Garrison, 1962; 1966;‘Chapin, 1962,

1965; Harvey, 1960).

The Monte Carlo Approach To SimulationﬁOF Urban Growth

The Monte Carlo simulation method‘{;CBlQé;M"se;;EHg_
up a stochastic model of a real situatiqn and then
?é;forming‘sumpling‘experiments%upon it" (Horling 1958%
Ackoff, 1962). The objective of the Monte Carlo techni-
que is to simulate'patterns very comparable to real

conditions in liev of the unknown information which

may dictate exact location in a deterministic model.
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In the Monte Carlo simulation of a stochastic growth
process a set of probabilities govern choice of behaviour.
The new situations or states of the phenomenon of interest
are outcomes of a selection process that is probabilistic
in operation. Monte Carlo simulation has vofious uses

one of which is for studying the trcnsitional‘processes

of a dynamic system.

Monte Corlo simulation has received wide applications
in both the physical and engineering sciences. .It has
also beén applied in‘urbcn geographical problems. 1Its
earliest application to urban modelling was by Dénnelly,
Chapin et al (1964) who translated the Monte qulo
concept into a model in which the decisions to build
on vacant land were conceived in probabilistic terms.
Hagerstrand (1965) applied the concept in the study
of diffusion processes while Morrill (1965aq) ;;;iiéggA
the technique in a study of the expansion of urboﬁ
fringg in Seattle. Morrill (1965b) applied fhe'Mthe
Cdflo ideas to the growth and spread of settlghénts
in Sweden while Colenutt (1969) simulated roadside

land uses especially bill boards using the Monte Carlo
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concept. Ayeni (1969) used the Moéte Carlo technique
to simulate the pattern of development in Ikere-Ekiti,
Nigeria,

Despite its wide application to geographical
problems, the Monte Carlo technique suffers from some
of the limitations of early wurban simulatién efforts.
The first difficulty is the derivation of the probability
surfaces as the surfaces should theoretically be construc-
ted or derived from some appropriate empirical observations.
Authors have however used the actual surface of development
to calculate p}obobility. Secondly, chcnge$ in the proba-
bility surface over time are diffi?ult to define. For this
reason, subjective rules are introduced which may help in
revealing some of the hidden structures of the proéess.
Thirdly, there is the problem of management of the time
dimension in the model, thus the model merely-simulotes
spatial patterns that result from processes.implicitly

assumed to operate over time (Colenutt, 1970).
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Monte Carlo simulatioﬁ-technique must therefore be
treated with caution. But if we are satisfied as to
the theoretical interpretation of the random variables
contained in the model and if ;e are t;eating aggregated
events and certain that a simple theoretical model is
inadequate to solve the problem, then. the Monte Carlo

technique is an invaluvable tool for problem solving.

7.6 Procedures In The Monte Carlo Technique

The steps involved in using a Monte Carlo technique
as outlined by Ayeni (1979) consist of the following:

(i) formulation of a set of possible—hypotheses—Uﬁ"

factors governing the system of interest.

(ii) the construction of a matrix of probabilities
: from theoretical considerations dbpdt the

system of interest.

(iii) the allocation procedure using both the

probability matrix and a raoandom number table.
The set of hypotheses generated must be related to
the nature of our system of interest. The probability
surface must also be constructed directly from the same
set of theoretical considerations.,

The urban area under study is usually divided into

cells which are assigned attractive scores based on set
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factors. Probability values and range of random numbers

are then derived from the probability scores.

Application Of The Monte Carlo

Simulation Technique To llorin

The foregoing procedures suggest a useful methodology
for the application of Monte Carlo technique to simulcté_
urban growth. Our conceptual premise for the simulation
of urban growth is based on Boyce's (1966) wave theory
analog concept of metropolitan egponsion. Of particular
relevance to our simulation experimentfis the observation
that cities grow outwards in different directions at
different times, thus the edge of the mefropolis is rgrely
equidistant from the central core. Fufther, the growth of
the city might'be channelled into particilar Greas dnd
retarded in others at any given time. 'Boiriers to growth
qould'be'physiogrﬁphic, land use ;oning or growth could 3
be transportation ngtwork induced (see Also Abler, Adom;t
and Gould, 1972, p. 402)., This analogy from a wave stoﬁd-

point can be interpreted in terms of population movement,

urban density movement or the movement of urban fringe. .
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In order to anolyse the growth of Ilorin from a wave

theory analog approach using the Monte Carlo simulation

technique, the following procedures were followed:

1.

2.

3.

A set of hypotheses was formulated on factors
governing uvrban expansion,

A matrix of probabilities was then constructed

from theoretical considerations about urBun expansion,
The probability matrix was used ‘in cdnjpétion with

a random number table to allocate the items whose
growth are being considered.

The listed procedures led to the formulation of the

following hypotheses:

(i) City's growth tends to follow directions of least

resistance usvally dictated by physiographic features

such as hills, steep slopes and land liable to

floodings.

(ii) Developers seek for land near major tarred roads

to build houses because of the advantages of

accessibility.

(iii) Commercial activities and provision of amenities

stimulate urban growth,

—— LR et
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The following specific procedures were used to

simulate the growth of Ilorin:

]I

The built-up areas of Ilprin mapped from the 1963, 1973

and 1982 aerial photographs of the city at scales of

1: 12,000; 1: 10,000 and 1: 6,000 respectively were reduced
to a scale of 1: 50,000 to facilitate the simulation exercise.
The technique used for the mapping is as described in
chapter III. For each year of study, the study area was
divided into gfid cells of 0.25 square kilometres each,
Although, in using the Monte Carlo technique, the city can
be partioned into wards, enumeration arecs; squares or
hexagons, the choice of squares is because they ore more
convenient to handle and to facilitate easy interpretation.
The road network patterns of the city were separately
mapped from the aerial photographs and reduced also to a
scale of 1: 50,000, In the case of simulafing the pattern
for 1973, the 1973 road networkAputtgrn was superimposed

on the 1963 urban form while in the case qf simulating the
péttern for 1982, the 1?82 road network poftern was

superimposed on the 1973 urban form befo;é the simulation

experiment. In the case of forecasting the pattern feor
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2000 A.D. the master plan routes as prepared by the Town
Planning Division of the State Ministry of Lands and Surveys
were adopted. These routes includg existing and proposed
routes up to 2000 A.D. The ﬁuster plan routes.were then
superimposed on the 1982 prban form for the simulation
experiment (see figures 7.1, 7.5 and 7.9).

Four factors were hypothesised to goverﬁ the g;owth
of the city. These are physical factor, transport factor,
land liable to floodings and land use fuctor,  In assessing
and rating these factors, the criterion of suitability
of land for development was used for the physical factor—
including land liable to floodings. The tranSpqrt and
land vuse factors were assessed in terms of aécéssibility
dnd land volue;. |

Dorau and Hinman (1928) had classified physiographic
features which interfere with the free centro; and axial
growth of cities as land fedtures including'fiat land,
hills; and water features such as rivers, lake§ and
swamps. According to them, when the demand fér land is
not great the town conform§ itself to the advcnfcgeous

" features such as flat land. As the town expahds and the
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demand ;or land increaseé,the process of altering the
land features to suit the city's needs begins. turther,
business sections occupy level land and residential
sections land of moderate elevation, transport utilizes
low land, industries occupy poor lands often filled in
and recreationol uses are devqlopedccround points of
natural beauty.

The transport and laond use factors are symbiotic.
This is because for land to be developed for ony use,
it must have access. According té the Chicago Area
Tronsportation Study report (CATS, 1959), accessibility
is the prime requirement of commercial activities as
commercial land has always had an affinity for places
which aore closest and accessible to most people. Resi-
dential lond uses on the other hand occupy large areas
and they do not need to compete with business for central
locations or for sites with particﬁlor tron;portotion or

1}

other locational advantages.

In scoring the factors, the transport factor was considered
‘most important and in our point score method it was rated as
such, The physical factor was categorised as flat, steep or

hilly. Flat ond well drained sites were considered as best
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and awarded 5 points while areas of steep gradient had 3
points and hills scored zero (see also Ayeni, 1979, p.190).

With respect to transport factor, areas were weighted
in terms of nearness of development to motorabls rodds,
Areas within 100 metres from the tarred roads were aworded
10 points while'oreas within 500 metres scored 5 points.
Areas about 1 kilometre away scored zero.

Land liable to floodings was assessed in terms of
nearness to rivérs. Such a consideration affects the
development of land and the further away the land from the
river, the higher its suitability fp} development. Thus
areas within 20 metres from o river were awarded - 5 points
while areas within 30 metres were awarded - 3 poihtsa
Areas within 50 metres scored - 2 points (seelEverson and
FitzGerald, 1972).

The land use factor was more subjectively rated.

The land Lse categories considered were residentidl, commer-
cial, industrial aond institutional, To the exteﬁt that
commercial use has higher land values near mojor roads

than .other uses, commercial land use was awarded 6 points

residential land use was awarded 3 points while industrial

land vse scored 2 points,
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The next stage of the experihént ;nvolved the calcu-
iation of factor weightings for eéqh grid ceil. For each
grid cell, the.points scored for each of the factors were
added to obtain the factor weightings. This represents
the point score mﬁtrix (see Appendix V).

In order t§ obtain the growth probability matrix all
the elements of the points scbre matrix Qere added and
then each element was divided by'the total. The computa-

tion was done using the following expression.

n m
S = f : .
;:E;/ Sij where

Sij represents each element of the point score matrix.

S represents the sum of all the elements of thé
point score matrix. b
Also
Pij = §ii i=1 ieen; j=1, ves. m,
where Pij represenfs each element 6f the growth probability

matrix. It should be noted that

. n m
§§ Pij = 1.00
i= 1 §o= '
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where n and m aore the dimensions of the growth matrix.
The growth probability matrices for 1973, 1982 and 2000 A.D.
simulated patterns are shown ih Appendix V.

The next stage was the cdnvefsion of the growth
probability matrix into random number fields. This involves
two steps. First, we neglect the decimal signs and then
‘moke successive cumulations for rows beginning with the
first row and moving from left to right.

As observed by Ayeni (1979), each element of the

random number matrix is given by

n m :
qij = Egg%g i;g%g
i=1 j =1 rij

qij repreéents each element of the random number

where

matrix.

rij represents the cell elements of the probability

matrix after neglecting the decimal points.

In order to obtain the random number field for allocating

factors of growth the lowest and highest values in each cell
were obtained. The random number fields are shown in

Appendix V.
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The final stage of the exercise was the use of a

. random number table in conjuction with the randoem number

field to obtain locations of city spread. To do this,

two types of procedures and sets of data were used.

These are (a) Population (b) Land Area.

The choice of population is based on previous urban
simulation attempts. .Everson and FitzGerald (1972)

reported the use of population in simuloting the growth

of Dunstran bridge, East Amglia. In the case of land Area,

it is also possible to determine the built-up area of the

city for any desired period using the deterministic model
of urban expansion obtained earlier in this chapter.

Simulation of City Growth Using Population

The 1973 Pattern

In order to simulate the.growth of the city between
1963 and 1973 the difference in population between these
two time periods was obtained (see Appendix '!I for popu-
lation figures). This gave a value of 76,000. A random
number table (Meave, 1978) was then used in conjuction
with the random number field to allocate the 76 000

population (see Everson and FitzGerald 1972).
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The total number of grid cells allocated in the
random number field is 73. This giQes an average of
1041 people per g;id cellf However since_the allocation.
is random and the simulation manuolly‘done"it was decided
that each tally from the simultaneous use of“the random
number field and the table of random numbets meant that
each cell concerned received 50? people (see Everson and
FitzGerald, 1972 p. 204). Thus four-digit numbers each
representing 500 people were drawn until the fuvll 76,000
increase in population was accounted for. After the
allecation Qf 76,000 people had been made, grid cells
with hits were joined together to represent the spread
of the city between 1963 and 1973 based on population.
Figure 7.2 shows the simulated pattern for 1973 while

figure 7.4 shows the observed pattern.

The'1982 Pattern

With respect to the growth of the city between 1973
and 1982, the difference in population between the two
time periéds gave 104,000. This increase in population
was then allocated using the random number table in
conjuction with the random number field to allocate the

104,000 populctioh.
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The total number of grid cells aliocoted in the
random number field is 216 (sée.Appendix' V) using the
same procedure as for the 1973 pattern each tally from
the simultaneous use of the random number field and the
table of random numbers meant that each cell concerned
received 500 people. Four-digit numbers each represen-
ting 500 people were &ruwn until the fuli 104,000 increases
in—popﬁlution was a?coﬁnted for. After the allocation
of the 104,000 had Been made grid cells wifh hits were
joined together to represent the spread d; the city
between 1973 and 1982 based on population. Ftig. 7.6
shows the simuvlated pattern for 1982 while Fig. 7.8

shows the observed pattern.

Simulation Uf City Urowth Using Land Area’

The deterministic model of city expahgion earlier
obtained in this chapter was used for this aspect of the
simulation experiment. The model gives tﬁgflond area
of the city for any desired period for thch,vaers
of the independeﬁt variabl?s are given. The mﬁitiple

Ve,
ﬂ!, ton

regression equation obtained is:
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Y = 2.30676 + 0.13899 X, + 0.03003 X, where
Y represents the built-up area of the city
X3 represents commerciol employment
X4 represénts schools enrolment as a measure of

amenities provision.

The 1973 Pattern

The increase in land area of the city between 1963 oqd
1973 using the deterministic model éove ; value of 1598 ucreg;
The total number of houses in the city in 1963105 obtain;d from
the aerial photégrabh was 8,405 while the figure for 1973 was
13969 (see Chapter V). Thus the increase iniﬁousing units of
5562 had to beAullocated on 1598 acres. This gave opproximately
4 houses per acre., However since the process ig probabilistic.
and the simuiotion monuvally done, it was decidéd that each tally . .
from the simulateneous use of the random num?if‘fjﬁiﬁ oﬁﬂ,?he
table of random numbers meant that the cell concerned received
5 houses (see Ayeni, 1979 p.190). This resﬁlted in an allocation
of 1113 houses. fhus four-digit numbers eoéhyrepresenting 5 o
houses were drawn unt11 the full 1113 houses were uccﬁunted forf;
After the allocation of 1113 house; had been made grid cells with;:
allocation were joined together to represeﬁt the growth of the

city between 1963 and 1973 based on land area. Figure 7.3
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shows the results of the simulation while figure 7.4 shows

the observed pattern.
The 1982 Pattern

With respect to simulating vurban growthfor 1982
using land area, the increase in land area of the city
between 1973 and 1982 using the deterministic model was
5134 acres. The total number of houses in the city in 1982
as obtained from the acerial photograph was 19,663, This
gave an increase of 5,696 units between 1973 and 1982
(see Chapter V). Thus the increase in housing units of
5 696 was allocated on 5,134 acres. As in the case of the
1973 pattern, it was also decided that euch-télly from the.'
simultaneous use of the random number field and a table of
random numbers meant that the cell concernéd received 5
hqusés. This resulted in an allocation of 1]39 houses.
Similarly, four-digit numbers each representing 5 houses were
drawn until the full 1139 houses were accounted for. After
the allocation of 1139 hoﬁses had been made, grid cells with
allocation were joined together to represent the growth of
the city between 1973 and 1982 based on land area. Figufe

Figure 7.8 shows the observed pattern.
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7.10 Evaluation Of The Results
Of The Simulation Model

The evaluation of a Monte Carlo Simulation
experiment involQes determin;tion of the correlation
between the observed and simuloted patterns of city
spread. In practice, the testing aond evaluation
are more difficult than testing a linear mode].

However, a Monte Carlo model con be tested by
firstly selecting a result or combination of results
that are considered to be repre#entative of the
model and secondly of comparing these:;esults with
the actual pattern of city growth.

Although few statistical fesfs qf‘goodness of

fit are available for evaluating the Monte Carlo

model objectively, attempts have been made at applying
various methods. Chi-Square and Kolmogorov tests can
"be applied (Ayeni, 1979,_p.187). It hcs-ulsobseen

shown that if various probability distributions are
fitted to observed and expected patté;ﬁ;Afroh simulation

models it can be determined whether the distributions
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produced by the model are random (Harvey, 1966).
Spectral onalysi$ of residuals of the series can also
be used to identify sigﬁificant spatial‘fréquencies
that may have been omitted in the model formulation
(Colenutt, 1966). The evaluation can also be based on
the subjective comparison of results (Morril, i965a).
Thus the testing and evaluvating of a Monte Carlo model
are closely tied up with the purpose of the model.
Because the simulotion experiments in thi§ study
were manually done and for different time peri;ds, it was
not possible to carry out many ru;s of the simulation.
In order to determine the degree of fit‘befween the
simvulated aoand observed patterns in this study a
Kolmogorov-Smirnov test (Mathews, 198]) for the comparison
of the distribution of the two patterns was adop ted.
The brocedure involved comparing the Qrided maps
of the observed botterns of growth of the city for the

P

years 1973 and 1982 with the simulated patterns (see

&

Figures 7.2, 7.3, 7.4, 7.6, 7.7 and 7.8) and culculating_féi;%'
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the differences in the two patterns. Table 7.5 shows
the distribution of the simulated and observed patterns
for 1973 while Table 7.6 shows the accumulated proportions

(see Ayeni, 1979, p.196).

"Table 7.5 Distribution Patterns For 1973

Classes Number of C?lls Using | Number of Cells Using
Population Land Area

Observed Simulated Observed - Simulated
A-C 12 17 iz~ 18
D-F 22 29 | 22 28
G -1 28 24 |28 2
JoL 21 23 | 2 24
M-0 13 18 13 22
P-S 2 6 2 7

From Table 7.6, the maximum observed difference in the
distribution using population is 0.052 which is 5.2%
while the v statistic using the 1% significance level

is 0.223 (see Appendix 1IV). Similarly, the maximum

e

observed difference in the distribution using land area
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is 0.083 which is 8.3% while the D statistic using 1%

significance level is 0.221 showing that the differences

that existed were not statistically significant.

Table 7.6 Accumulated Proportions
for 1973 Distribution

Accumulated Proportion

Accumulaoted Proportion

Closses Using Population Using Land Area
Observed Simulated UIffef Ubserved Simy- viffe-
rence lated rence
A-c |0.122 0.145 0.123 0.122  0.146 0.024
D-F |o0.347 0.393 0.046 |0.347 0.374 0.027
G -1 0.633  0.598 0.035 }0.633  0.569 0.064
J-L 0.847 0.795 0.052 |0.847 = 0.764 0.083
M-0 |0.980 0.949  0.031 [0.980  0.943 0.037
P-5S 1.000 1.000 1.000 | 1.000 1.000 1.000
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Table 7.7 shows the distribution of the simulated

and observed patterns for 1982 while Table 7.8 shows

the accumulaoted proportions.

Table 7.7. uistributioﬁ Patterns kor 1982

Number of Cells Using

Number of Cells Using

Classes Population Land Area
Observed Simulated | Ubserved Simulated

A-C 5 3 5 7
D-F 38 31 38 35
6 -1 39 44 39 47
J-L 35 48 35 56
M~-0 36 40 36 A5
P - R 35 34 35 - 40
S - U 30 31 30 43
V- X 21 24 21 31
Y - L 1 1 1 4

trom Table 7.8 the maximum observed difference in

the

distribution using population is 0.046 which is 46%

while the v statistic using 1% significonce level is
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0.147. (see Appéndix IV). Similarly the maximum
observed difference in the distributions using lond
area is 0,053 whiﬁhvis 5.3% while the D sfatistic
using the 1% significance level is 0.140 (see Appendix IV) .
showing that the differences that existed between the
observed and simulated patterns were not statistically
significant,

Table 7.8 Accumulated Proportions
For 1982 Distribution

Classes Accumulated Proportion |JAccumulated Propertion
Using Population Using Land Area
Observed SimulatedUiffe~ Ubserved Simulated viffe-
rence _ rence
A-cC [0.021 0.012 0.009 |0.021  0.023 0.002
D-F [0.179  0.133  0.046 |0.179  0.136  0.043
G -1 |0.342 0.305 0.037 {0.342  0.289  0.053
J-L |0.488  0.492  0.004 [0.488 - 0,471 0.017°
M-0 |0.638 0.648 0,001 ]0.638 ~ 0.617 0.021 .
P-R [0.783 0.781  0.002|0.783 0.647 0.036
s-U [0.908 0.902 0,006 |0.908  0.886  0.022
V-X [0.996 0.996  0.000(0.996 . 0.987  0.009
Y -Z |[1.000 1.000  1.000| 1.000-. .1.000 0,000
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To the extent that the differences between the
observed and simulated pattefn# were néf statistically
significant it can be argued that both the simulated
and observed patterns for 1973 and 1982 give good |
fits. The simulotion model can thus be said to be
gpod enough for use as a predictive device. In the
néxt subsection an attempt is made to simulate the

pattern of growth of Ilorin using this model for the

year 2000 .A.D.

Simulating Urban Pattern For
2000 A.U. Using Population

In order to simulate the pattern ofAcity growtﬁ
for the year 2000 A.,D., the city's popvlation was
projected using a growth.;ate of 3.5 percent per annum.
This ‘gave a value of 708000 (see oniadi;, 1976; Kwara
State Statistical vigest 1987). The actual 1982 confi-
guration was used as a new starting pointlto simulote .
the expected pattern in 2000 A.D. The-difference in

population between 1982 and 2000 A.D. gave a value of
320,000, This increase in population was allocated using
the random number table in conjuction with the random

JRUBEESS Y

number field to allocate the 320,000 population.
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The total number of grid cells allocated in the-random.
number field is 336 (see Appendix V). The same procedure
whereby the simulateneous use of the random nﬁmber table.
in conjuction with the‘rdndom number field meant that each
cell received 500 peoble was Qsed. Thus four digit numbers
each representing 500 people were drawn until the full
320,000 increase in population was exhuﬁéted. After the
ollqgation of the 320 000 had heen mode,lérid cells with
hits were joined together to represent tee spread of the
city between 1982 and 2000A.D. based on population. Figure
7.10 shows fhe simulated patterns for 2000A.D. The fore-
going gives resultvof the simulation using. population.

"It is believed area extent ﬁan also be u#ed because of
previous gatiSfoctory resqlts. The ﬁext.sbbsection.there~«
fore utilises area extent.

Simulating Urban Pattern for 2000A.D. Using Land Area

Simulating the growth of the city for.the year
-2000A.D. using lund-areu involved two steps. First the
independent variables needed for the projéction of land
area for the year 2000A.D. had to be obtained. The valuve

of the land area so obtained then had to be distributed
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among the grid cells. Thg indgpendenf variables needed

are commeréidl employment and schools enrolment for the

year 2000A.D. The projected figure for commercial employ-

ment.in the city for the year 2000A.D. is 123 200 (see

Doxiddis, 1976) while the projected figure for schools

enrolment is 120,500 (kwara State Statistical-Digest =

1987). Using these yaldes the projected land area for:

'2000A.D. is 23.049 acres. Thus the expected increase in

land area between 1982 and 2000A.D. is T3fl95maéreST”Usiﬁg"“
a growth rate of 4.3% per annum (Chap.v) the projectedfigur@'for

rthe housing units in the city by 2000A.D. is 32,833 units.

This gives an expecfed increase of 13,170‘housing units

between 1982 and 2000A.D. Thus the increase in housing

vnits of 13,170 was allocated on 13,195 acres. As iﬂ thé  ‘

cases for 1973 and 1982; it was decided that each tally

from the simultaneous’use of the random number field and

the table of random numbers meant that the cell concerned

received 5 houses. This resulted in an allocation of

2,634 houses. Thus four-digit numbers each representing

5 houses were drawn until the full 2,634 houses were

accounted for. After the allocation of 2 634 houses had ;:

been made, grid cells with hits were joined together to ..f‘
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represent the expected growth of the city by the year
2000A.D. using land‘areal The resﬁlt of the simulated
‘pattern for 2000A.D. using land'areq.is shown in Figure 7.11. .
As it is difficult to évalﬁate such a‘model'for o forecast
period the results of the evaluation of the model for 1973
and 1982 give promises that the simulated pattern for |
2000A.D will also be real. However only time will teli

whether the actual patterﬁ of growth will proceed in the

way predicted.



8.1

CHAPTER EIGHT

CUNCLUSIUN

Summarz

This study has examined the trané}gft fé;tor‘in
the spatial expansion of Ilorin. The major aspects
examined. include: the state of the crts,in the transpoft
development of Ilorin, the examination of the morphology
of Ilorin and the factors of its evolution; the exomi-
nation of the network of Ilorin ond the factors of its
evolution; and the aspect of simulating vrban merphology
for future tronsport development.

The study indicates various interesting results.
Fir;tly, the study shows that intra-urban trips in Ilorin
are dominated by motor cars. This mode accounts for a
total of 63.0%. Trips by minibuses rank. secend accounting
for 18.4% while trips by foot ranks third accounting for
12.5%. Trips by motorcycles énd pedaled cycles account
for a total of 6,1%. |

With respect to trip purposes in Ilorin, the study

reveals the predominance of work trips over other trip

purposes. Work trips account for 24.4% of total trips

followed by recreational and social trips which acceount
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-~ for a total of 33.0%. Business trips constitute 15.6%
while trips to religious centres account for 12.8%. The
contribution of frips to markets and shopping centres

is 9.24.

'In examining the spatial pattern of intra-urban trips

PRI I

in Ilorin, four major patterns become evident. These are:
The Business and Administrative Region: Adewole, Baboko -
.Stqdium; Odokun - Odota, Sébo-Oke - Amilegbe,
The White-Collar Employment Region: Kulende - Tcnke; Sabo-Oke -
Amilegbe, University.- Polytechnié.
The Indigenous Region: Central Area, Oloje, Sobi.
The Central Facilities and Servicgs Regioni Gaa Akanbi -
Ero Omo; Gaa Imam, Reservotion Area. |
These sets of origin and destination regions were found to
be spatially interdependent.

An examination of‘thé intra-city hierarchy. of zones was
made through the use of éraph-theoretic concept. The onalysis
revea;f that Boboks ; Stadium zone emerges as the most

dominant zone being in the first order while Central Area,
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Reservation Area and Gaa Akanbi - Eroomo area are in the
second order. Tﬁe other zones are in the third order.

A study of the pattern of vehiculor traffic in the city
also reveals o lot of inforﬁction., This aspect was studied
by considering the road quality, and the trcffic volumes
and characteristics on somé sampled roads in the city.
Empirical aonalysis of road quality reveals that Jebba rooq
has the highest quality while New Yidi and Reservation roads
rank second. New University road and Adewole réads rank
third while Kaima, Oko-Erin and Opo-Malu rodds rank fourth.
The road quality wos assessed in terms of the‘type of surfuce,,
condition of road surface, width o% road, roéd-cupacity,
period of motorability and seasonal cqndition df surfoce.

Analysis of road facilities a;so'reveqls'thct none of
the roads studied has pedestrian crossings, none has traffic
lights, none has parking facilities, only Jebba and New Yidi.
have road signs; Jebba, Kaima and Opo-Malu roﬁds have street

lights and traffic wardens while Adewole, Jebba dnd Opo-Malu

roads have drainage facility.
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With respect to traffic volumes on the studied roads,:
Jebba road records the highest volume of troffic with 55:6]%
of total volume. This is followed by New University road
with 16.96% while New Yidi road ranks third with 15.96%
of total volume. Opo-Malu road ranks fourth'with 14.37%
while Reservation road ranks fiftH with 13.35%. Adewole
Street, Kaima road aond Oko-Erin rood account fer a total
of 22,987 of total volﬁme of traffic on the roads,

Analysis of vehicle types on.the sampled roods reveals
that an average of 54.9]% of all vehicles counted censist
of motor cars. Motorcycles record an average of 24,547

while minibuses ond pick-ups account for a tetal overage

nd

Q

of 17.21%. Lorries and tippers, Big buses, trailers
tractors éonstitute a total average of 4.61%.
Secondly, the morphology of Ilorin has been studied
by considering the spatio-temporal evolution of the city,
The study reveals that the 1897 pattern of the city wos

one of concentric pattern with the Emir’s Palace as the

centrol core and all routes originating from the outskirts
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of the town and converging at the city centre. By 1963, .
the pattern of growth of the city has changed from the{j

radial growth along the road arteries in the city. The

1973 patterh of growth shows that the sectordi growth of

the city had‘intensified along thé'axiol roads of Jebba,
Ajassepo, Kaima and Ibrahim Taiwo|foads. Tﬁi; trend came
about as a result of the robid development of the city

when it became a state capital in 1967,

The 1982 pattern of the city shows th;f o lot of
physical expansion has taken place in all directions of
the city. The forces responsible for thisvexpunsion are
fhé various developments such as Army Barracks at Sobi,
Adewae Housing Estate and Ilorin Airport,,Niger River
Bosin Authority, Kulende Housing Estates, UAiversity of
Ilorin Main Campus, New Industrial Layouts ond Federal
Low-Cost Housing Estate, Oloje, All these constitute
growth points in different directions of theicity. By
1988, the city has witnessed more physiculvexpansion

resulting in the city enveloping many of the small settlements
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surrounding it. At.this time too, the sprawl of the city
could be prominently noticed along the inferncity roads
such as Ilorin-Jebba, Ilorin-Ajassepo road, Lagos road,
Kaima road and Shao road.

Thirdly, the study has éxcmined,the spatial patterii
of rood development in Ilorin. The study reveals that in
1963, the number of road segments in Ilorin'yas~l7 while by
1975, the number had risen to 30. éy 1982, the number of
road segments had increased to 68 while by 1988 the number
had risen to 72. The total length of road nethrk in the
city was énly 12km in 1963 while the length hﬁd risen to
22.7km by 1973. The total length of road nefwork was 67km
by 1982 while the figure had risen to 86km by 1?88, This
trend in network growth has been attributed to.the chonging
nature of the country's économy.

Fourthly, the study has also explored wcysﬂof estimating
the built-up area of the city for a desired period. Here
foctors—responsible for the spatial expansioh of the city
were identified. Such factors as commercial émployment ;nd

schools enrolment in the city both help to explain ?%.014
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1

of total variance in the dependent variable, - In order
to explain the remaining varianceé in the dependent
variable, certain other factors were suggested.
Finally, an attempt has beén made to simulate the
growth‘of Ilorin for the periods'l973, 1982 and make a
forecast for 2000 A.D. It was found that the Monte
Carlo simulation technique proved to be an appropriate
model for simulating the growth of the city. By qsing
two sets of data - population and land area, the city's
growth was simulated separately for 1973 and 1982.
This was done by determining the road networks of the
~city for 1973 and 1982 and simulating urbén fofm to
these periods in order.to obtain the growth pattern.
Bucause the results of the Monte Carlo fechnique
proved successful for simulating the growth:of Ilorin
for 1973 and 1982, the technique was further used to

simulate the pattern of growth of the cify for 2000 A.D.
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The major coﬁtributions of this study
thereforé ore:the.identification of fucfors
éonsidered to be responsible for the spatial
expansion of a city and the use of such factors
to build o model for estimating the built-up
area of Ilorin for any desired period; fhe use
of population figures and lond area to simulate
the growth of the city for different périods
given specific network structure; and the
forecasting of the growth of Ilorin for the

year 2000 A.u,

Planning Implications

And Recommendaticns

The major objective in the work is the
study of transport factor in the spatial

expansion of Ilorin. The result as outlined
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in the summary above has great implications for future
planning. For exomple, the identificatioqmgf thEWStuffw
of the afts in the transport system of ahy urbcn centre
helps to identify those transport factors thatAure
considered important in the growth of the qify.

The planning implications of these have been éarlier
identified by Ogunsanya (1989). Most importont however
is the issue of sprawl. The city of Ilorin has grown
naturally over the years. In order to ochieQe‘o more
purposeful growth for the city, there is need for a conscious
development policy. The fact thot has emerged from this
study is that there is o clear relationship between road -
development and the sprawl of the city. in this respect,
government con consciously develop areas by building roads
along areas where urban expansion is desired. Transport
is no doubt the dominating component of urban planning and
can therefore be used successfully aos o basis for plonning.

Since the understanding of the structure-tronsport

relationship helps to ease the planning procedure, the
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following observations and recommendations are mode:

(1)

(ii)

(iii)

There has not bheen aﬁy compréhensive transportation
study in Ilorin to date. Thus no one knows the volume
of traffic and the characteristics of the traffic along
the vrban routes in the city. A time-series data on
the various components of urban troffic is of great
importance to city planners interested in future
transport plqnninj, This calls for the establishment
of a data bank for transport.

The city of Ilorin shows a sprawl that engulfs the
nearby villages. Rather than allow such linear develop-
ment of these villages, the concept of the Garden City
of Howard (1946) should'be examined with the view to
developing such villages to be independent.

Since routes attract land use, and since there is the
tendency for urban sprawl to develop aleng routes,
there is the need to a look at the master plan of
Ilorin to see how the current form of the city has
deviated from the proposed blan. Rong should be

constructed along areas where development has hitherto

R———— PR PSS
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beén neglected because of transport problems.

(iv) The ideo of a ring road in llorin is worthwhile.
This ring road could be in three layers -Aon inner
ring, an intermediate ring and an owter ring.
These will act as local distributor, district
distribufor and primary collector and distributor
respectively,

(v) Some of the township roads need rehdbilitqtion.'
Both the rehabilitated and yet to be ?ehabilitated
roads require adequate parking provisions and
pedestiiqn walkways.

(vi) The roads of the future in Ilorin should be designed

for a mass transit system on its main routes.

8.3 Future Research Areas

¥

This study has shown that a strong link and
interdependence exists between urban transportation,
land use and the spatial structure of cities. Urban

change, both in the sense of expansion in city size
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and in terms of ;hifts in location has marked repercﬁssions
on *he journey to work and on the tasks fucing the trans-
port system. |

Although this study has concentrated sn *ha under-
standing of the form of the city with respect to ifs.
tfcnsport needs in order to plan for city expansion,
much more work remcins to be done on the relotionship
between urban structure and transportation in Nigeria.

Such areas include:

(i) Population distribution and forecast of urbuﬁ fqrm.
The significance of population growfh iﬁ vrban
development calls for fOrther work in this areasuch
that o clearer picture of the relationship between
population and urban form cgn be obtained.

(ii) Urban facilities and their degree of qccessibility.
This is important because the location of urban
facilities puts a lot of burden.in terms of travel
time and t:uvel cost on the urbdn dwellers who demand

them.
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Simulation modeiling of intra-urban network
development. Although some work has been done
on simulating regional road network, studies
on the simulation of intro;urban road network
are scanty. This therefore is a fertile area

for further research.

Finally this study has shown the importance
of transport in the development of a.mediﬁm-
size city of a developing environﬁent. No
doubt, transport facili%ates deveiopment and
promotes growth, and transport is one of the
many sectors in which it is desirable to
channel investment. The probleﬁs discussed
in this study are also cbmmon feature; of
many of the larger urban cehtres‘inuNigerio
and 6ther parts of the developing world.
Consequenfly, the methodology used can Bejédopted
as a guide for similar studies in other wurban

centres of the developing world.
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APPENDIX I

QUESTIONNAIRES
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DEPARTMENT OF GEOGRAPHY .
UNIVERSITY OF ILORIN

TRANSPORT STUDIES PROJECT ,
SURVEY OF INTRA-CITY TRAFFIC MOVEMENT

BY HIRED MODE OF TRANSPORTATION

Ncme Of InterViewer:.o............»..-..OODatez..O.‘ODQQ‘IOC

Locqtionz..'. ....... 0.9‘........'....»,...Timeg....'...'.oil

A. QUESTIONS TO BE ANSWERED BY DRIVERS:

Gl AW N -
.

Where is the Origin of your Trip:.o.o..o.{o....o.
What is your Destination:..vevcnenvesecennnnnnnas
‘Which roads do you usually follow:seeeeieeeanooees |

How many trips do you make in a d;y:...;....o....

How long does the Journey take?.....cceveeeeveccs

i

B. QUESTIONS TO BE ANSWERED BY PASSENGERS:

i

RESPONDENT JORIGIN |DESTINATION [PURPOSE FREQUENCY |COST

1

9

3

of >

O (00 N O

10
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DEPARTMENT OF GEOGRAPHY
UNIVERSITY OF ILORIN
TRANSPORT STUDIES PROJECT

'

A. GENERAL INFORMATION

1. (i) House Novseoeeunn o (ii) IntervieweT..e.es...
(iii) Datesoeesseaconanoss
2. Age of house
(i) Less than 5 years
(ii) 6_- 10 years
(iii) 11 - 20 years
(iv) 21 - 50 years

(v) above 50 years‘

3. Materials used
(i) Mudwall and Tatch roof
(ii) Mudwall and Mﬁdroof
_ (iii) Concrete Block and G,I. Sheets
(iv) Others (Specify).

4, Original use of house if reconstructed
(i) Residential
(ii) JCOMmercial
(iii) Temporary Structure,
5. Current use of house
(i) Residential .
(ii) Commercial

(iii) Others (Specify)
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6. Nearness of house to road (M) ...eeveveceonnn ceecanse

7. Housing type
(i) Compound

(ii) Bungalow

(iii) Storey Building

B. SOCIO-ECONOMIC INFORMATION

Particulars

Responses

Members of the House-

hold

1 2 3

15 - 20

21 - 30

31 - 40

41 - 50

above 50

2. Sex

Male

Female

3. Marital
Status

Single

Married

Widowed

4, Highest Educa-
tion level

Primary

Secondary

University

Koranic

Diploma

Others
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Particularg Responses 'Members of the
.household
1 - 2 3
5. Religion of = Muslim
respondents '
Christian
Others
6. Occupation Agric
Construction

Trade & Commerce

Transport &
Communication

Govt. Employ

Armg/Force

Others

7. Monthly income Less than N100

N100 - N300.00

NM301 §¥500.00

M501 - M700,00 ¢

N900.00

- N701

Above N900.00




i on TS
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. TRIP INFORMATION
. 1. Do you own a private vehicle Yes
': ’ 2. Type of vehicl.e ® 0 0 0 00 60 0 0
3. »Triés made within the last 48 hours
Trip Oridgi Desti- Mode Of Distance From Cost Of |Frequency
Purpose rigin nation Transport 0 - D Transport|Of Trip
112} 3 112] 3 11 21 3 1 2 3 112} 3 11 21 3

A Work
B Busin-

ess
C Social
D Recre-

ation
E Market
F Reli-

gious
G Others

(Spe-

CifY) '
For Mode For Frequency
a = Foot d = Taxi Cab 1/24 = Once a day 4 = Once a month
b = Private Car. e = Motor Cycle _ _
c = Mini Bus f = Bicycle 1/7 = Once a week 1/12 = Once a year

' g = Others
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DEPARTMENT OF GEOGRAPHY, UNIVERSITY OF ILORIN
TRANSPORT STUDIES PROJECT

TRAFFIC COUNTS ALONG SELECTED ROUTES IN ILORIN

1

NAME OF STREET DATE

CENSUS POINT
DIRECTION

INCOMING OUTGOING

Time (15 Mins. Interval | 0.00 0.15 | 0.15 0.30 | 0.30 0.45 |0.45 0.000

Motorcycles

Passenger Cars

Kombi Buses - -

Pick-Ups

Lorries/ ,
Tippers : l

Big Buses

Vehicles With More ' : i
Than Two Axles '

Others, Specify %
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TRANSPORT STUDIES PROJECT

DEPARTMENT OF GEOGRAPHY
UNIVERSITY OF ILORIN

ILORIN ROAD QUALITY SURVEY:

Name of Survey Assistant:.....cccecceecinccccene

(0) Name Of Road:...'............................

(b) State of Road: (i) Under Construction
(ii) Constructed

Who built’ the Road:

(a) Federal Government
(b) State Government
(c) Local Government
(d) Communal Effort

Who maintains the Road:

(a) Federal Government
(b) State Government
(c) Local Government
(d) Communal Effort

Width of Roads.e.eeeeceeescrcenecceccocnnns cesance
Road Vehicle Capacity

(a) One lane Road
(b) Two lane Road
(c) Four lane Road

Frontage access (Measurement of five randomly
selected houses)

© ¢ 00 0060060 06000920000 IL IS
® 06 00 0 0000 00000 8Os OBCOSOSEDBLISESEOEE
® 6 0 000 00 000 880800 LSS OLESTGTES
®© 0 2 0 006060 060 0 00 00 0O A 20 0
L]

® 5 6 0 00 05 0 000 60 000 00 e 0 00O



8.

10.

11,

12.
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Surface Condition:

(a) Tarred

(1) Smooth
(ii)" Fairly Smooth

(iii) Rough

(b)

Untarred:

(i) Smooth
(ii) Fairly Smooth

(iii) Rough

Type of Surface:

(a)
(b)
()

Bituminous surface
Gravel Surface
Earth Surface

Period of Motorability:

(a)
(b)

Seasanal
All Season

Seasonal Condition of Surface

(a)

(b)
(c)

Flooded during rainy season _

(i) Occasionally (after Rainfall)>— -~ —
(ii) Always :

Very dusty during dry season

Netther "a® or °b°

- Road Fucilities-avoiloble: |

(a)
(b)
(c)
(d)
(e)
(f)
(g)

Pedestrian crossing signs (No. per tkm.....)
Road Traffic Light
Street Light
Parking Facilities (No. per fkmeeeeiovevees)
Road Signs for dividers

Traffic Wardens

Drainage facility.
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APPENVIX II

PERCENTALE LISTRIBUTION OF VEHICLE TYPES

ALUNG SELECTEV RUADS IN ILORIN
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1

Aopendix II Percentaooe Distribution Of Vehicle Tvypes Alona Selected Roads In

Tlorin

Vehi- Adewole Jebba Kaima New Univer-| New Yidi Oko-Erin Opo-Malu: |Reservation Avesxage. for

cle Road Road Road sity Road Road koad Road Road’ the -8 Roads

Type Yy . - IR PR XYl D . o B g 01| el B e hit B = b ETT T et el e = o il - FPRN T
: 232;;5 29.18l 25.22| 22. 40| 19.62] 20, 62| 20.62} 27.23] 24.63] 22.78 21.66| 28. 44| 24.81] 20.43] 29.53| 15.20] 21.40] 24.54] 25.44

22::’ 59.59{61.09} 37.21} 42.74} 17.70 21.53} 62.13| 61.58| 59.43} 59.86 62.80| 65.82| 39.97| 59.36|77.45| 67.32 54.53| 54.91

23225 2.86] 4.35|24.07] 20.77156.42 51.82] 3.45 4.32] 3.88 2.87] 2.61 2.280 1.89| 2.s8l 2.2331 2.9 12.:%11.53

Si:k‘ 5.100 5.43 5.73 6.32] 3.1 .65 4.0 3.89) 8.19 e.21] 4.74 s5.82 5.5¢ 6.38) 3.67] 4.47] 5.02 5.52
. Lorr-

;::_& 2.24 2.83 5.73 s5.38 1.17] 1.46| 1.8 3.90] 0.95 1.27| 1.52] 1.1 1.52 1.13) 0.74 3.31 1.98 22.90

pers

:iies 10.3 0.87} *1.41] 1.61 0.39 0.731 0.84 0.95/ 0.78 0.42| 0.24 - 0.76) 0.72{ 0.6% 0.5 0.74 0.74

. Troi-

lers/
Trac-
tors

-1 0.220 3.45 3.56‘ 0.59 0.19] 0.4 0.63 3.13 3.08| 0.22 - - - - - 0.98 0.96

Total h00.OO1OO.OO1OO.OO1OO°OQlOO,OGﬂ60.00100.00100.OO1OO¢OO1OO.OO1OO.dO]OO.OOPOO.OO?OO.OO!OO.“ﬁ1”ﬂ.00190.00100,00‘

Source: Author's Dato Analysis, 1988
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APPENDIX I1I

VARIABLES FOR URBAN EXPANSION



VARTAELES USED AS FACTORS OF URBAN EXPANSICN

l

VARIABIES 1963 1964 1965 1966 1967 1968 1962 1870
PORUL2TION (Tnousard) 209 216 223 230 237 244 252 260
MENUFACTURLYG EMPLOYMENT 1'593 1780 1967 2155 2342 2530 2717 2903
COMMERCTAL EMPLOYMENT 3759 4345 4955 5588 6244 6923 7700 8408
GOVERENT EMPLOYMENT 18302 164186 16943 1770 18480 18788 19152 19500
TOIAL EMPLOYMENT 99959 95040 98126 101200 104229 107360 110880 114398
SHOOLS ENROLMENT 8810 7989 10765 11968 11208 11805 12232 14425

" W2TER CONSUMPTION (L/CADTTAL) 77.0 l82.18 87.22 98.74 107.34 112.91 114.29 117.69
ZIECTRICITY QistMe. (KH/C) 1.2 1.2 1.2 1.5 1.3 1.3 1.8 2.1
PER CHPITAL INCOMZ (H) 122 127 132 137 143 149 155 167
IANDCOST (H/PLOT) 60 60 60 100 100 150 130 150

1971 1972 1973 1974. 1975 1976 1977 | 1978 ' 1979
263 276 285 293 303 314 325 338 348
3397 3319° 4442 4964 | 5487 6009 €532 7054 7577
10050 | 11755 13572 | 15664 | 16172 | 17092 20536 | 21224 | 23923
19832 | 20148 20235 | 20406 | 20604 | 20724 | 20800 | 21168 | 21576
114399 | 121457 | 125403 12852(3 133100 | 140872 | 145601 | 1505258 | 155904
16498 17025 17547 24238°( 30930 | 38227 42464 52502 96743
28.34 134.42 | 135.09 140 142 140 133 185.6 | 180.6
2,1 3.2 2.3 1.8 1.8 2.6 1,9 2.6 2.9
167 180 188 196 203 213 220 229 233
150 200 200 300 200 600 600 600 800
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APPENVIX IV

CALCULATIUN OF THE ‘v * STATISTIC FOUR

THE EVALUATION OF THE SIMULATION MOULEL
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APPENVDIX 1V

CALCULATIUN UF THE °'D' STATISTIC FOR THE
EVALUATION UF THE SIMULATIUN MOUEL

The Kolmogorov - Smirnov D statistic is calculated

vsing the 1% significance level by the formula:

=

where ny = sample size of sample 1 and n, = sample size

of sample 2,

For The 1973 Pattern

117; n, = 98, using population.

n, = 11/i n, =78, Using population. e
Thus D = glg = 0.2232
1466
ny o= 123; n, = using land area,
Thus D = 1.63

I

221 = 0.221
205

For The 1982 Pattern

n, = 256; n, = 240 wusing population
Thus D = 1,63 4 = 0,147
61440
n, = 308; n, = 240 using land area,
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APPENDIX V

POINT SCORE MATRICES, PROBABILITY MATRICES,

RANDOM NUMBER FIELDS.



£

A B ¢ D E F 6 H TN K-~ L M N O P Q
I
» 14 |9 o |9 9 s |9 9 [ 9 t5 | 2l
3 2 |a 14 9 |s 15 20 |20
4 .§ 9 5. |15 |20 |15
5 5 | 15 I8 20 |13
6 9 9 2 |13 14
7 9 14 ; 14
8 s S R 14
9 L 20 |20 15 9 15 14 14 :;4
10 20t 2a | e 9 ao 3 |14
] - 121 |10 18 |15 |9
12 4 |2 1 14 (20 (14 |4
13
P

Appendix X{a). Point score matrix for 1973 simulated pattern.




A B C D E F G H | J K__ L M N ] P Q

! _

2 0136 [0088}0088 00880088 |0136 {-0088 |0088 |-0088| 0146 1-0204f
3l -0204 }0204 .0I36 .0088 }00es 0146 .6195 .0195
4 0088 |-0088 - .0146 10146 {0195 |.0146
5 0146 loae 0175 0195 | 0127

6 o0ss|-00ss| 0204|0127 |o136

7 .0088 .0136 |-0088 {0136

8 0088.0088 0088 0136

9 /0107 |- 016 0195 10195 |-0146 }0088|0146 -0136 |0136 {0136

10 '}.0204}0204 |0136 | 0088 0195 -6127 0136

1 -0136 {0204 }0097 -OI75 .0146 |.0088

12 L0136 |.0204}0107 -0i36 |-0195 [.0136 -0I3‘6

13
4 - !

-Appendix Y(b) Probability motrix for 1973 simulated pattern .




14

8 C D E F 6 Hoo J K L M__N 0 P Q
0000 0136 [0224 j0312 {0400 |0488 |0624]0712 |0800 0888 |i034
oB5 |0223 {031t |0399|0487 0623 |o7i {0799 l0887 1033 1237
1238 |1442 1646 1782 |1870 195812104 {2299
1441 1645 178 1869 1957 2103 }2298 |2493
2494 |2582 2670 |2816 |2962 | 3i57
258| |2669 2815 |2961 |3156 |3302
3303 | 3449 3595 |3770|3965
3448 {3594 3769 [3964409|
4092 |a180 4268 |4472 {4599
4179 laze7 \ 447! {4598 {4734
4735 4823 14959 {5047
4822 4958 {5046 | 5182
5183 1527 " |5359 5447
{5270 |5358 5446 5582

5583 |5690 5836 |603! |6226 |6372|6460 6606 |6742 |6878
5689 |5835 6030 |6225 |637) 6459|6605 6741 {6877 |7013
7014 | 7218 |7422 | 7558 7646 |784I |7968

» 7217 7421 [7557 | 7645 7840 |7967 {8103

18104 |8240 3444 854! |8716 |8862
8239 [8443 |8540 8715 | 886! |8949
8950 19086 19290 9397 |9533 |9728 |96 4
9085 |9289 {9396 9532 19727 |9865 |i.0000]

i

Appendix Y {c). Random number field for 1973 simulated pattern.




20
o
22
23
24

25

26

A B G D E F & H ity K L MI{ N O P @ R S.T U N W X ¥
! ) 1 -
¥
.0056].0056
00560056
00530053 .0056).0056) ' 0055|0053
| ' 1
0038} 0053|0053 - 0027 |o027 .0056{0056 ! .0053 {0053 0032
0038 {0053 0053 | 0053 |0027 0027 [0027 0027|0027 |.0056 {0056 |004! 0053 {0056 |-0036
¢ | «
0027 | 0053 | 0053 ’ 0027 }0058{0058 [o041 | | .0053 0053
M v
0027 0056 0056 ).0022 0027
' ]
0027 0027 0056/ 0083 0027 }0053 0053
i
» I - - PRt e
.0027 | 0053 |:0058 | 0041 |-0053 |0053 0027
; 0027 . 0027} 0027 {0027 }0053 {0053 }o041
| o027 . 0027 |0027}0027 | 0041 | 0053 }0053 |-0027
0053|0053 | 0056 ! 0027 ) ' 0027} 0056/ 005610053 0053 004! |.0056{005€
] .
0053 | doz7 0077 [0027 : L0041 ]-0053|.0053 }0056 }-0053 }.0056
1
.00500050 {0027 |Co27 {0027 ) 0038 | 0056} 0086 [ 0056
)
0050 |.00500027 J0027 | 0027 -0056/ 0056{0056 }0056 [ 0041
1
0050 [.0062 1.0056{0062 0027 [0056.0062 0056 . 0056-00560056 { 0056|0056 [00al
- }ogso ooet|oos2 00270027 }0027 0027 {005610041 -00%6 |-0027|0056 | 005610056 {0056 {004
0062 |0062 {0050 |0o41 {0041 {.0035 {0053 Joose [oose 0056 | 005610041 [-0041
0056 (0050 {0050 {0035 |.0050{0053 10027 0050 | 005040053 [004} j0027
A ]
. 0056 }.0056]0050 {0053 {0053 {0055 |0050 0043 0050 | 0050|0062 {0053 [ 0041 {0027
00560050 {0050/ 0050 0050 | 6050 00290050 |-0062}-004I
) 0041 [0050/0050 }0050}0050 -005010062 0053
~O(§4| 0050 {0050 .00621-006210041
y 0041 |-0062}p041

Appendix ¥(d)Probabitity matrix for 1982 simulofad poattaern.

)
i
’

¥




B ¢ D € F -6 H i 4 K L M N d ‘P 1@ . R, ST U vV WX ¥
R
4
g 0000}0056 '
4 " ' 0055 {011 -
oil2 |oies
i 0167 (0223
02240271 . 0330 [0386 ; 0442|0495
0276 0329 038510441 : 0474|0547
0548 |os86 |o639 0692 (0715 ot46 |0802| 0858 0899)0952 |I005
0585 (0638 [069! 0718 |0745 0801 {0857 0898 | , . ' 0950 f004 {1037
1038 1076 |29 | us2 |1235 |[1262 {1289 36 [1343{12370 |1426]1482 . ) 1 - 1523 | 15761632
{1075 {n28 {ner }lizzs hizel lizgs 1315 1342 [1369 (1425 [1481 |1522 . 1575 11621 { 1669
' .le70 fies1 11750 1803 {1830 |1886 1942 1983 2036
1696 {1749 | 1802 1 1829 (1885 {1941 {1982 2035 2088
2089 ’ 216 [2172 [2228] 2255
2115 , 2171 p227| 2254 228l
228 2 2309 2336 : 2392 24452472 |2525
- 2308 2335 2391 2444 ‘{2471 (2524 ({2577
2578 ' 2605 2658 | 2697 |2738]2791 [2844
2604 ' t 2657 12696 {2737 |2790 {2843 {2870
2871 . J ] 2898{2925 2952 {2979 {3032 |3085
; 2897 ‘ ' 29242951 [2978(303| {3084{3125
I 3126 \ 3153 (3180 (3207 {3234 {3275 | 3328 | 3381
; ,} 31521, : 3179|3206(3233 (3274 {3327 |3380} 3407
i 134083461 [3514 i 3570 . 3597 | 3624 [3680 |3736 |3792 {3845 (3886 [3942
3460 (3513 (3569 3596 3623|3579 3733 (3791 {3844 {3885]3941 |3997
3998 |4061 _ [4078]4105 4132 4173|4226 ]4279]4335 439
4050 (4077 , |4104]4131 . 4172 |4225]4278 |4334 43904435
4447|4497 14547 |4574 |460! 4628 |4667 1472314779
4496 |4546 |4573 | 4600 Ja627, ) 4666]14722|4778) 4834
4833 [4885 |4936 [4962,Jasse | 7 5016 |5072 {5128 8184 |5240
4864 | 493414961 14988 5015 5071 |5127 [5783 {5239(5280
5281 |5331 |5393 5449 . |55 | 5528|5594 5656 (5712 {5760 (5824 |5880 |5936 |5992
5330|5392 1544815510 1 571 |5767|5823 | 5879 5935 (5991 {6032
6033 {6083 {6145 5207 {6234 |6261 62886315 6371 5412 (5468 [s 4956551 {6606 |6603 lsTio
F082 |6144 [6206 6233 |6260(|6287 | 6314 {6370 {64l 6467 |6496 |6550|6605(6662 6718 ({6759
6760 (6822 6884 {6934 (6975 {7016 |7052 {7105 |7i61 \ 7217({7273{7329 7370
6821 {6883 5933 |6974 |7015" J7051 7104 | 7160|7216 | 7272]7328|7369 |7410
= P " lran [7ae67{7517 |7561 |T603 [7653 [7706 7733|7183 |7833 {7886 ({7927
7466 7516|7566 |7602 {7652 | 7705|7732 7782 17832 17885 | 7926 [ 7953 }
7954 [8010 |8066 (8116 {8I6 9f{B222 8278|8328 8372 |8422 847218534 (8587 (8628 !
. 1800980658115 )8168 [8121 |8277 (8327 {8371 84211847 1853385868627 18654 N
4 8655 {8711 {8761 {881 8861 | 8911 896! [8991 {9041 3103 '
8710 |8760|8810 |sds0| , [Boiblsgso . |8990{3040]9102 [9143 b
. ! . 9144 (9185 9235 {9285 [9335 9385|9435 [9497 t
9184 | 9234 [9284{9334 {9384 9434)9496 |9549
9580 | 9591 {9641 9691 (9753 {98615
. 9590 | 9640{96 90 -+ |o752|98i4 |9855
4 ] v 9856 {9897 {9959
ki 9896 J9958 |1000
; - :
‘

: !

T

Eaiiiaiia L ST S SPESONE U W




D

E

18

18

49

14

Wil o |o

U]

w

21

19

@ | o

13

24
25
26

18

0| ©

21

27

[:]

2l

2l

28

w0

29
30

31
32

18 -

19

19

17

19

21

21

2]

12

18

21

21

21

33

34
35
36

37
38
39
40

41.

492
43

44
45
46
ar
48
49
50

* -
Appendix. Wt)Point score matrix for 2000A.D simulate

21

21

2l
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19

21

19

21

21

18

2

21

19
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20

2

24

25
26
27
28

29

3

32

33

34

37

39

41

42

43

44

45

47

49

30
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