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ABSTRACT

Unplanned urban growth is one of the major challenges in developing countries. The literature on

urban growth has focused more on horizontal growth, without a corresponding emphasis on

vertical growth. Even within the urban horizontal growth asialygreater attention has been on

the dynamic patterns rather than processes of growth. This study was, therefore, designed to
analyse the spatiotemporal dynamics, patterns, and processes of horizontal and vertical urban
growth in Lagos Island Local Govenent Area (LGA), Nigeria.

Urban Morphologyand Complexity theories provided the framework, while a survey research
design was adopted. Lagos Island LGA was purposively selected given the concentration of high
rise buildings. A total of 1,200, out of 44,4 households were systematically seleabsthg

Neumann (2014) probability method. Soeeiconomic and building related data were collected
through questionnaire survey. Landsat (1984, 2000, and 2015) and IKONOS (2013) images
provided information on growtlpatterns and processeSpatiotemporal dynamics of urban
growth were analysed wusing change detection a
(Clumpiness index) and spatial regression were used to analyse horizontal growth patterns and
processes. TeeDimensional Spatial Index (3DSI), Nearest Neighbour Ind¥x hvertical

entropy (O and standard regression were used to analyse patterns and processes of vertical
growth. Cellular Automata Markov model (G¥arkov) and binary logistic regressiorere used

to predict future urban growth. Analyses were

Age of household heads was 39.92+12.48 years, while 65.5% were male. Household size was
4.92+2.38 and income wa$66,468.43#33,798.96 per month. Urban land area increased from
4.20kmz2 in 1984 to 5.40kmz2 in 201Net and gross changes in the buijit area were +0.77km?2
and1.45km?2 respectively. There were significant spatial variations in urban horizontal growth in

1984 (R1.1873.79), 2000 (fr;1875.71) and 2015 (F187=11.75), but no significant temporal

variation. Horizontal temporal growth patterns were significantly clustered (1=0.28(1984),
0.53(2000) and 0.29(2015)). Fragmentation and aggregation were the major processes of urban
horizontal growth (Clumpiness index=0.87(1984€.84(2000) and 0.87(2015)). Population
growth (b=0.98), buil ding | ot size (b=0.04),
(b=0.0003) were major drivers of urban hori zo
2000 and 2015 (3DSI=6914.45) madrean between 1984 and 2000 (3DSI=6601.82). Vertical

growth pattern was significantly clustered €0.52), while aggregatiorid =0.1) was the major
tempor al process of vertical gr owt h. Number
(b=0.dt6Ppr@ani mity to water bodies (b=0.63) wer
2031, about 71.5% of Lagos Island would have been-bpilProximity to water bodies through

l and recl amati on (duldde.the tngst signifipaat fpredic@iGuture drpan

growth.

Lagos Island Local Government Area, Nigeria has witnessed both horizontal and vertical urban
growth due to fragmentation and aggregation of urban patches between 1984 and 2015. Urban
horizontal growth will decrease with the incrigas vertical expansion, hence the need for
effective urban planning.

Keywords:  Urban growth, Horizontal and vertical growtlagos Island, Nigeria

Word count: 500
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CHAPTER ONE

INTRODUCTION
1.1 Background of the study
Theprimaryfocus of thisresearchs the examination of theynamicsof urbanhorizontal and
vertical growth in space andh time. Existing studies on urban growth hagiwentoo much
attention tothe urban horizontal growtlthanthe verticalgrowth of cities In addition,the
examination of thaexusbetweenhorizontaland vertical growtldynamicshas notreceived
considerable attentiofThis research attempts bwidge thisgap by investigating growti
urban areagrom two-dimensionaland threedimensionalperspectivesThe researclviews
urban growth as a complexlevelopmentand attempts thedeployment of new analytical

methodsandmodellingtechniquego the analysis of urbagrowthfor the benefit of society.

Understandingurban growth and itsythamics(forces or propertieshat stimulate growth,
development, or change withimbansystens) areimportant fora number of reasong:irst,
urban growth is alynamical complexrocess that involveseveralecological,physical and
sociceconomic componentthat operates at differemspatial and temporal scal¢€heng,
2003). Understanding such complex dynamical system requires a Syptspective and
modelling techniques that taketo account, bottspatial and temporal dimensions of urban

growthsystems

Second, due to the influence of population change on investment in housing and
infrastructure, theate and dimension of urban sphtexpansiorare largely determined by
population growth Current mpulation growth inmost of the cities of less develogd
countries particularly Nigeriais alreadyoutstripping the capacity of marstate andocal
governments to supply necass services and infrastructuréJnderstanding population
dynamics and its impact on urban spatial expansion in Lagos Islancnwitile a good
understanding othe urban development process in Nigeria and many other cities of less
developed countriest will alsoassist inplanning,policy formulationand decision making

among actors itheurban sector.

Third, apart frompopulation growth andhigration, whichare known and highly emphasized
factors of urban growthseveral other factors influencebanspatial expansigrthe formit
takes andthe patternit represergin spaceThese factorsletermine the direction of growth

(whetheroutwardor upward)and are key variables inthe analysisand modelling of urban

1



systems To understand urban systems aadhiese sustainable urban growtbpth the
biophysical and socieconomicforcesthat driveurban growth need to be understood and
evaluatedfirst for the understanding of pattern and process and second to pretitgion

and planning of future urbanawth of the city

Fourth a major focus of urban analysis over the years has tieennderstandingand
explanationof the spatial processesf urbangrowth Previous explanations arban growth
patterns and processeshad followed the sociceconomic analysis However, recent
development has shown thtte application of geospatial analysis techniques involving
remote sensing technology and geographical information systems @ats)provide
alternative approaches to thealysis andexplanation ofurbangrowth Geospatial analysis
provides a ditinct perspective on the worldEvents patterns and processe&smn be
spatiotemporallydeterminedthrough theunique lensof geospatial techniquesAdopting
geospatial technologies in urban growth analysif telp in tracking and explaining

structural and functional changesamomplex urban landscatike Lagos Island

Lastly, cities spatial expansion different regions of the world is moviray a greater speed
than at any other time in human histoityhad beenprojected that worldities will grow by

2.5 times in area by 203@&ngel, 2005) The implication of this is that urban land area will
account for the greater proportion of ttegal land area othe countriesof the world; the
result will be increasing scarcity of land for urban developmentaighificant reduction in

the total arable landA major strategyadoptedto contain thehorizontal spread of urban
growth in mostWestern and Asian countriés increasedupward expanen oft he ci t yo6s
space Considering vertical developmenats an alternative stratedpr sustainable urban
development seems plausiblieis imperative therefore to examine patterns and processes of
urban vertical growthin order todetermine future implications dboth horizontal and
vertical expansion of urban spac€his is very essentialparticularly in cities of less

developed countries where urban planning probleave becomiatractable challenge

Undoubtedly, doanizationand its associated drivehsve indeedbecomea prominentfocus
of the twentyfirst century scholarly discourse;however,as studies proliferaten these
similarly, disagreement&eep multiplying, particularlyas to how exactly citiesand their
growth shouldbe conceptualized and studi€ficott and Storper, 2014l is aimed that a
study on urban growth dynamias cities of less developed countridee Lagosfrom new

2



scientific perspectiveand methodologies based on geospatial technology however modest
will contribute to proper conceptualization,analysis and explanationof patterns and

processes airbanhorizontal and verticajrowth

1.2  Statement of the problem

A major theme irurbangeographical analysis is tleharacteriation of urban growth as a
system and thengderstanding oits spatal andtemporaldynamics.In line with this theme,
the present researgitoceeds on a number of mutually interacting levEisst, it seeks to
undestandurban growthas a complex systeritom the perspectivef complexity theory
deploying the methodsf remote sensingnd GIS Complexity theoryis a relatively new
conceptual frameworkconcerned withthe understandingof systems characterized by
nonlinear behaviar, feedbacks, selbrganization, irreducibility, and emergent properties, in
which the whole is not only more than but also different from the sum of its (Banaes,
2009. From the complex systems perspectividan growthmaybe viewed asa systemthat
developsfrom complex interactions between thregitical subsystems namely; planned
urban systemdeveloped urban system and develdpatonurbansystem (Cheng, 2@).
Primary to theunderstandingdf urban growth isa clearunderstanithg of these complex

dynamic interactions

Cities are complex systems, whose growth processes are influeneedolnyplex interplay
between horiantal and vertical development/hile the urbanhorizontal growthis being
measuredy the extension ofhec i t y6s b oundar, the donsttuctionfofei n g e
buildingshas been used tepresergthe verticalexpansion othec i t y 6 &hasgp et al.e
2017; Lin, et al., 2014Shi, et al., 2009 and Fan, 199%Yhile the dynamis of horizontal
expansionhave been givegonsiderableesearchattention,the dynamics of urban vertical
growth hasnot been adequately researched. This raasesmberof issues to be addressed.
First, how do we determine urban vertical growth, second what are the factors driving urban
vertical growth? Three what is the relationship between horizontal growth and vertical
growth? Lastly, what is the spatial pattern of ban vertical growth?An unambiguous
understanding and quantification thfe growth ofthe city, bothin two- dimension (lateral)

andthreedimension (vertical growth) ieequired to answer these questions.

Further,significant and discernible changestire spatial structure and landscape of urban
areasf less developed countries, particuladigeriahad been observe@hile this has been

3



widely reported inthe literature, less is known about the specifics in terms of the form and
nature of the spatial changé3rucial in understanding the nature of spatial changdken
urban landscape is the understanding of the patterd processs of these changes. While
the procesgelates tourban growthdynamics the pattern is the outcome of the processes of
urban growth.A major problem in this regard is how to measurealyse and model the

pattern of urban growtim space and time

In urban development planning, amportant subject is the prediction of the land use
transition inanurban area. Predictidmelps inthe decisioamakingprocess. Planningithout

a proper understanding of the systewil increasesystem uncertaintyTo reduce system
uncertainty modelling and simulatiorare required first to increase the understanding of
urban system&nd second teeduce subjectivityn decisioamaking Multi-temporal data

from various sources and varying scale with remote sensing and geographical information
systems provide an analytical and probisaiving approach that could help decisioaking

in urban planningCheng, 208).

The central goal of urban growth research isntestigate patterns argtocesses of urban
growth and the available policy optienfor planning and management. Achievinlgst
demands gaining a better understandingirban expansion and ikey dimensionslt also
requires an understanding difie forces that are drivingxpansion either laterally or
vertically. The problem here is valt are the specific drivers of urban growiG®en the

foregoing thisresearclsets out to answeie following questions

I.  Whatis the conceptual basis for understanding and evaluating urban growth
i.  What aretheurban growthpattens aml processeandhow can they be quantitatively
determined usinquulti-temporalimageries.
iii.  How can thespatial and temporalomplexity ofurban growttbe deciphered?
iv.  How canthepatternsandprocesses of urban vertiggiowthbe determine®l
v.  What arethe driving forces behindhorizontalandvertical growthin Lagos Islan@d
vi.  What are the implicationsf the present pattern and processes of urban gramdh

what caror should be done about it?

The better we understand the how and why of urban growth, the more effective our

employmentor development of methodologies and techniquesciefit in understanding,

4



analysing and modelling its spagmporal pattermand process The more intelligently
also we can deliberate on those aspects of urban growth systems that needed to be planned,

re-planned and manage.

1.3 The aim and djectives of the study
This study aimed analysng spatiotemporathangesn urban growthin order to identifyits
associated driverandunderstandnherentcomplexityin urban growthtakenLagos Island as

anexample. The specific objectives are to;

1. Evaluate spatial and temporal chan@g&@&gamics)in the structure and growth of
Lagos Islandetween 1984 and 2015

2. Examine the spattemporal pattersm and processs of horizontal and vertical
urbangrowth in Lagos Island

3. Relate satellitalerived estimates of changes urban growthto physical and

sociceconomic drivers.

Identify specific factors influencing the vertical growthtloé city.

Examinethe relationship between horizontal and vertical urban growth.

Model the vertical landscape of the built environment in Lagos Island.

S L

Assesghe future urban growth and suggestrategies for future planningf the

city.

14  Relevance of the research

The goal ofapplied geographihad been stated to biee application of geographknowledge
and skills to the resolution of social, economic and environmental proRan®ne 2011)
Indeed he relevance and value @ny geographical reseen to the societycan only be
assessed based on its ability to address probleoigbengeshatconfront modern societies
One of thechallenges of the 2%century world isincreasedurbanisationand uncontrolled
expansion of urban areas in virtuadlly parts of the worldAddressing urban growth with its
concomitant problem# a dty of less developed countridsom empirical researcls a

significant and a modest contribution tci&tal development.

Sdentifically, urban growth is a topic that straddles many scientific disciplinat apply
numerous scientific andtechnical applications. Recent developmenis geospatial

techniques, particularlin the areas of geographidaformation system$GIS) and remote
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sensing (RS)spatial statistics, land cover/land use modelling and &xitp science is
providing new leveragéor decipheringhe spatial and temporaimensiors of urban growth

(Cherg, 20@). As observed by Longlesgind Tobon (2004), extending the interests of urban
geographers towards more direct, timely, spatially disaggregate urban indicators is a key in
developing the data foundatiofsr a new, dataich and relevant urban geography. The
combined use of remote sensing, GIS and spatial statistics in this research is expected to lend
credence to previous researches, strengthen current positibe aise ofthese techniques

and methodolags in urban reearch and provides direction for future reseatthwill

facilitate new understanding and insight abodban growththerebymovingurban research

away from relying solely on theoretical abstraction and hypothesis witilspatral statistical

data

Despitethe plethora of researches umban analysighe knowledgeof the physical and socio
economic drivers othe patters and processesf urban growth is inadequateScenario
simulations of future urban growth with several lars# categories withimrban areas
particularly in cities of less developed countrstifl suffer deficienciedecausef problems
of data availability and resolutiolAs a result,identification and interpretation of urban
growth patternsinterpretation of thénherentcomplexity of urban growth and deciphering
urban growth processésve become a major challengeunban plannindCheng, 208). A
study of urban growth with muidate and multsource imageries would help in identifying
and modellinghe dyhamics influencing urban growth. It will help mesenting the emerging

geographic pattern and processes invalved

Havingatheoretical and methodological understandifthe processes of vertical growth

the cityis a majorimpetusof this researchin the past, researches about urban expansion
have focused on horizont al expansi on. We i z m:
top-down aerial gaze had long dominated both mainstream and critical geopolitical
discourse® A c c oorhichjfthighaltworked tdflatten spatial imaginariesggpolitics is a

flat discourse that largely ignores the vertical dimension and tends to look across rather than

to cut through the landscape. This was the cartographic imagination inherited from the
military and political spatialities of themo d e r n (Weiznaah, @R To date, similar

flattening of discourses and imagmres stilldominate critical urban researoiost especially

in the Anglophoneworld (Graham and Hewitt, 2012Therefore, an examination ofeh



processes of urban vertical growth particularly, from developing country like Nigeria will

contribute significantly to the global discourse on urban growth.

Urban growthis a threedimensional processShi, et al, 2009), but few studies have
explained wban growth froma threedimensional perspective. Sorstudies hadddressed
the issue of the height diildings. For example Alfred (1980) using diminishingmarginal
return and land rent, analyzed building heidge. showed that buildingseight hasa limit,
because the extra expenses foundation and thick wall, elevatotogether with some
resulting depreciation of the lower floors, will make more loss fzans by adding one more
floor, hence vertical expansion in urban space has its limitat@tiers have studied the
layout structure of buildirgg(Wright, 1971) and thenvironmental effects of urban vertical
expansion (Hoch, 1968MHowever,the understanding andnalysisof patterrs and processs
of vertical urban growth have not received corggsnding attentioncompared tourban
horizontal growth. Thigesearch fills thisgap by providing detailed explanationsn the

patternand proess of vertical growth in Lagos Island

In Nigeria and most countries of the less developed economies, understaediagseand
effects of horizontal growth has been the major focus of urban research, while the vertical
dimension of growth is largely neglectdebr example , Adeboyejo(1994,2000) studied the
structure and dynamics of central places in southwestern Nigeria. He emphthszed
hierarchy of citiesAyeni (1974) carried out predictive modelling of urban growth using
principles in thermodynamicsAdegboyega and Aguda2@10Q attempted spatiotemporal
analysis of urban sprawl in a fringe area around Ibad&wouthwesteriNigeria. Eniolorunda
and Dankani(2012 assessethe urban growth patterim Sokoto metropolis using multi
temporal satellite data. Fabig2006) employed # techniques of remote sensiiogevaluate
land use anthnd coverchangein lbadan metropolisHe observed occurrences of growth by
fission in the metropolis Mabogunje {968 undertook a comprehensive analysis of the
structure and growth pattern of c&ién Nigeria from ecological theories perspectieas!
Salami (1997) examined urban growth and rural land retreat in lbaddinthese studies

looked at urban growth fromtwo-dimensional perspective.

The neglectof thethird dimension of growth in thetudieshighlighted abovend many other
related oness principallydue to the fact thahe majority of African cities are experiencing

rapid urbanhorizontal than verticaéxpansionin addition, esourcesn terms of piblic and
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private investment® huild vertical futuristic urban agglomeratioase not available in many
African countries The onlyarea where vertical development is taking place rbticeable
scale is the city otLagosin Nigeria The recently proposed Atlantic City projeahd Isale
gangan redevelopment schernme Lagos area good example of vertical development.
Undertaking empirical researchbout sucharea will help in exploring theuturistic
implications of vertical developmentand help in developing féective urban management
strategies Up to the presenthe knowledge ofpatterns and processes urban growthin
mosturban Islands of the world still limited, Lagos Island inclusivelhis researctnolds

the view that empirical findings from Lagos Island will provide new levels of understanding
that will help in planning and managing growth processes on klaadicularly in this era

of global warming and climate change.

One of the principal aims ofriban planning isa achieve a liveable cityAchieving this
requires an understanding of factors that drive city growth. Both physical and human factors
(especially human actions and decisjoase inportant drivers of urban growti® major
contribution of this research is thiscover,examineand explairmultiple processes of urban
changeand ways oknhancing urban density throutie promotion of vertical growth.This
researclviews vertical expansion as a neesearch frontier imrbanresearchFindings from

this researchwill lay the foundation for future research in urban growth prediction and

planning particularly in Nigeria and other African countries

15 The choice of Study Area

This researcltonsidersLagos Island local government areaspart of netropolitan Lagos
refered to as the original city of Lagoasthe studysetting It is called the original city
because it is where Lagos began to spread (Oyesiku, 198&itionally, theareais known
asEko. The Aworis, a Yoruba subthnic group, established it as a small fishing settlement
around 1450

1.5.1 Physical setting and Climate

Lagos Island area is located on latitude26' 30" and $28' 00" North and longitude’ 22"

45" and 824' 45" East along the West African coast. It is bounded in the south by the Lagos
harbour, in the North by the Lagos Lagoon and the Mainland Local Government area, in the
east by EtiOsa Local Government Area and in the West by the Lagos harbourtditric
Apapa in Apapa Local Governmentred®. Geographically, itis an outlet into thesea,
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surroundedy creeks and lagoonshe island is circled by a ring of highwafseeplate 1.},

which is the main access to and from the island (Kumshe, 2010). L#mus is connected to

the Lagos mainlanty three largéridges, namelyarter bridge, Eko Bridge and therthi
mainlandbridge which crosshe Lagos Lagooto the district of Ebute Metahe climate of

Lagos Island is similar to that of the entire Lagogiol. A tropical climate system that is
largely controlled by two major prevailinginds, namelythe tropical continental air mass

from the Sahara and the tropical maritime from the Atlantic Ocean. The area experiences two
significant periods of rainy seass. The first is heaviest, falling from April to July and the

second characterized by lesser rainfall between October and November.

Sedimentary rocks with rarely basement outcrop underlie the geofdgggos IslandThe
highest point on Lagos Island about 113 feet (34 metres) above sea level around Marina
axis. The soil is made of rich alluvial and ferralitic g&llow soil. The original vegetation
made up of swamps and coarse type of grasses interspersed with clustargeofreeon the
Island had given way tothe high concentration of human activities due to increased
urbanization.The remnant at the fringes borderitige Lagos lagoons presently being

cleared and sand filled to provide land éinerdevelopmen{see plate 1.1)

LagoslslandLocal Government Arehas19 spatial units callediards(see figure 1.1)It is
made up of historical localities such as; Olowogbowo, Oluwole, Idumota, Oke Arir, Oko
Awo, Agarawu, Obadina, Isale Kakawa, Pepguda, Anikantamo, Oko Faji, Eiyekole,
Onikan, Sandgrouse, Epetedo, Lafiaji and Eitlefun etc.

The choice of Lagos Island arises from three important reasons. First, the area ctupies
important placen the urban history of Nigeria. It was a historicahte, a former capitabf

Lagos $ate,the former capital of the Federal Republic of Nigeria, a commercial core of the
greater Lagos and the economic/commercial hub for the country. The area has winessed
largescaletransformation in the recent past. The study of this area presemp@munity to

dig into and understand the urban history of Nigeria. It will helgomprehending and
explainingthe dynamics of the majoraxs o f Lagos 6 Sectnd,dagasrislamd gr ow
covers one of the most dynamically evolving segmentsagb®s s met r opdtlisi t an f
the coreandthe most developesegment of the Lagos city



Plate 1.1.Lagos Island from IKONOS imagery 2013
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Although the whole of the Island had been reportedly built up by 1944 (Ayeni, 1981), yet the
area is still expanding. Between 1991 and 2006 (a period of 15 years) the area was found to
have expanded by 2.0 square kilometres. Withinokagtate and perhaps Nigeria at large,
there is hardly any area that is undergoing continuous discernible structural and population
changes like the Lagos Island area (see plate Aslpbserved by Ayeni (1983), Nigeria
provides a good situation fatudying the dynamics of urbanisation process as well as for
examining the social, economic and spatiabponses to changing mechanism of
urbanisation Examination of mechanisms of growith an area like Lagos Islandill help

urban planning strategies dapolicy development in the Lagesega cityand Nigeria as a

whole.

Third, t he mai n busi ness di strict of t he
Southwestershore.High-rise buildings and many city wholesale marfktces characterize

the arealt is an axis withhigh urban intensification. T&ino doubt qualifies the area for
threedimensionalmodelling exercise andnalysis Analysing urban growth froma three
dimensional perspective will enhance urban environmental planning and effective

devebpment control for beneficial urban growth.

Overthe yearsthenorthwesterrtip of Lagos Island has been an urban planning challenge.
The area is a slum, characterized by narrow streets, poor housing and overcrowding. There is
an unauthorized changg use of land in the area, resulting in increased growth of blighted
neighbourhoods, encroachment on drainage alignment and setbacks. Recently, emerging
urban land uses like event centres, eateries, shopping plazas, private schools, places of
worship, pé#rol filling stations, office complexes etc. are impeding traffic on major roads.
Given this unhealthy physical development, the area has been listed as a major part of the

urban redevelopment plan of Lagos State Government.

Presently, a notable urban-development process ipagos Islandis Isale Gangan urban
redevelopment scheme in Isaangan area. The scheme reportedly involves the
development of 54 units of idtorey building on the 2,568quaremetes property which
traversed Binuyo, Princess, Onala and Isale Agbede streets. This initiative will surely
produce a significant effect ahe urban system. Considering such an area for the present

research would help to achieve better urban planning and sustainable urlpanneent.
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16  Organization of the Thesis

The thesisdivides into nine chaptersChapter one providesg background to the research. It
setsan agenda for the research arcleaty defined aim and measurable objectives. Chapter
two focuses on theonceptualframework of the research. It givesethils of supportive
theories and concepts upon which the entire research wasiiiyypothess tested. It also
consists ofa review of empirical findings on urban growthnd urban growth modelling
Chapter thregives the details ahe methodology of the research. Chapter fmowvides an
in-depthevaluationof the growth of Lagos Islandh chapterfive, measurement and analysis

of complexity in urban growth wemnsidered

In chaptersix, the modelling of urban growth processeas undertaken Urban vertical
growth and development in Lagos Islanérevdiscussed in chapteseven Among many

other things, thehapter expatiates omhy cities grow verticallyand examine variations in

the vertical dimension of growth in various parts of the world. In chagitgrt an attempt
wasmade at modelling the dynamics of urban vertical growth in Lagos Isldredchapter
presents a 3D city model of thebanlandscapelevelopedn a GIS environmet Chapter

nine concludes the thesis by highlighting the major findings of the research. The main thesis

of the research was clearly stated and issues for frgsearchwerediscussed.
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CHAPTER TWO

CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW
2.1 Introduction
This chapter presentle conceptual framework and theview of relevant literaturéor this
research. It discussesportantand relevant theoriesf urban growth.These frameworks
were chosen because of the need to understandptiteal structure of the cityanalyse
patterrs and processs of urbangrowth andidentify the specificdrivers ofurban horizontal
and vertical growth. The chapter has two broad sectidms first section provides detailed
description of the conceptual frameworks and their relevance to the research and the second

provides a broad review of relevant literature on urban growth.

2.2 Conceptual Framework

The classical theories of urban morpholo@ycluding Burgess (1925foncentric zone
theory Hoyt (1939) sector theory andHarris and Ullman (1945jnultiple nuclei theory
complexity theory, the theory of urbdand rentand urban population densities forime

fulcrum upon which this study rests and turns. The details of these theories were discussed in

the succeeding sections.

2.2.1 Classical Theoriesof Urban Growth

The earliest attempts at understanding and explaining urban growth patterns anseproces
were through lassical theories of urbagrowth, thathave their origin fronthe sociological
school ofthought, whichemphasizes maenvironmentinteraction This body of theories
include concentric zonesectorand multiple nucleimodek of urbanland use To date this

body of theories/modelsemains a reference poirfor urban analysis, particularlyn
understanding and explainingty growth and structureThe major concerrof classical
theories of urbamrowth is to explain thdocation of cities, their morphology and natural
conditions that favared their growth. The models emphasimv topography and other
physical attributes influence the layout of streets and neighbods as well as the direction

oft he cityds growth

2.2.11 The concentric zoneheory/model
This model was developed by Burgeassociologist in 192%rom his study of the city of
Chicago. Themodel stressed the importance tife interrelationshigpetween growth and

form and conceived the spatial organisation of the city as consisting of zones arranged
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concentrically from the city centre. The city structgrews by the expansion of zones and
invasion of one zone by anoth@Winsborough 1970).The model is monocentric suggesting

an urban land use pattern arranged around a single centre which is usually called the central
business district (CBD) (see figure 2.1a).

The CBD is usually the hub of urban activities including financial, economic, sadl
recreational functions and some light manufacturing towards the outer fringes (Ayeni, 1979).
The zone following the CBD is the transition zone. It is a zone characterized by residential
deterioratiorbecaus®f the encroachment of business and indaisagtivities from the CBD.

The third zone is the zone of independend r k leome @mprising residences of second
generation migrant into the city. The fourth zone houses the middle class and the last zone
called the commuter zone consists of encircngll cities, towns andamlets, whiclserve

asa dormitory suburtor the rich.

I n Bur ges s Oaseproduceofitheca anyedss gr owt h grows,eaelhs s . As
zone extends to the next outer zonethg process f Ai nvasion atyd suc
expansion begins from the CBD and m®te the outer rings. However, the problem of the

model lies in the fact that city growttasdescribed, but why the city grows, the dynamics of

its growth in time and space and the patterns emerging were nanexpla

2.212 The Sector Model

Implicit in concentric model of urban growth is the idea that transportation routes radiate

from the city centre Population and activities tend tdollow transportation lines with

residential use occurring on the intersticelse realization of these yomer Hoyt, (1939)

made himtodescri bed urban expansion as #daxi al gr
along transportat ida relationshgpsbet@weenHuobgnt growtl, eemtt i f i ¢
differential and ability olanurban function to bid fothe city land particularly inAmerican

cities. From his studyhe observed that rent conforms to a pattern of sectors rather than
concentric zonation anas a result define organization of city spadeus,he concluded that

a segmented pattern of land use seemed more appropriate than a pattern of concentric
zonation as shown in figure 2.1b. The problem of sector theory of urban growth is similar to

that d concentric zone theory. The idea thie monocentric urban centre is a fact hardly

borne out in any part of the world (Ayeni, 1979).
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Figure 2.1 A 3D rendering of the classical models of urban growth
SourceRubenstein, 2005: 44847
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2.21.3 The Multiple Nuclei Model

The inherenh problem of monocentriassumption in the earlier two models necessitated the
need to develop another model that could aptly describe the growth and form of cities.
Chancy Harris and Edward Ullman formulated the multiple nuclei made45(see figure

2.1c) to address this prégm. The model posits that the land use of a city is built around
several discrete nuclei rather than one single nucleus. &uackcleus may be residential,
industrial, commercial, or political. Other nuclei may develop from different requirements of
urbanactivities. Depending on the sizesaities, the number of nuclei may vary from city to

city. However, once nucleus has been formed, the otherdygdand use are expected to

develop around it.

The applicability of these model® countries outside North America where they are
developed had been questioned. In a dedadnalysis of the natar of Nigerian cities,
Mabogunje(1968) applied these classical modéls concludes that the first two models deal

with what may be defined @& nat ur al growth processo of hun
slow, almost imperceptible change in the character and exté&maifonalareas in the city

The multipleT nuclei modelassumes a relatively more dramatic growth that re$wtn

policy decisons and sometimes whims and caprices of udokministrators.

As observed by Ayeni (1979)t the very elementary stagiee threeclassicalmodels can be

used to provide some basis for the analysis of thelddwever,such an analysis may be too
geneal, descriptive and devoid of all mathematical rigour and analysisierstanding and
explaining the dynamics of urban growth require that these theories be reconsidered in order
to appropriately measure, analyse and model urban growth for sustainable urba

development.

2.214 A Model of Sub-Saharan African City

The multiple nuclei model hassignificant influence in the development of the doahtred
model ofthe growth of colonial cities. The duahodel is a form of the multiplénuclei
model wherebywo centres result from the interaction between two histories of urbanization,
precolonial and prendustrial urbanization; and colonial qua&sdustrial urbanization
(Ayeni, 1979). This is what obtains manyAfrican cities south othe SahargMabogunje,
1968) De Blij (1969 createdthe SubSaharan African City Model texplain the dual and

complex nature of SuBaharan African cities (see figure 2.2).
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Fig. 2.2.A Model of Sub-Saharan African City
Source: De Blij, 1968.
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The key elements of the model include; three CBDs: a remnant of the colonial CBD
characterized by vertical development, a transitional business zone where commercial
activities take place from the curbside aorsfronts (usuallysinglestory buildings with a

toudh of traditional architecture), and an informal and periodic market zone (usualhawpen
market). Sector development occurs along the encircling zone of ethnic and mixed
neighbourhoods in which people have strong ethnic identities. Mining and manuigcturi
zones are found next to some parts of these ethnic neighbourhoods. On the outermost part of
many African cities, there are informal satellite townships, which are squatter settlements.
These squatter settlements consist of poor neighbourhoods, ortetvastyin which people

build anywhere possible or open, no matter if it is public or private.

Mabogunje (1968) who held that urban areas are polycentric in cities of developing countries
also shared the idea dhe dual centre Both De Blijé §1968) and Mabogunje (1968)
interpretation reflects theature of Africa’'s developmerih most cities of Africa,le quality

of residences tends to get poorer as you move away frontyteentre tathe periphery. This

is similar to whatobtairs in Latin Americaand Southeast Asia. Mining and manufacturing
areas reflect the nature of the types of jobs found in some parts of Africa. The lack of elite,
middle-class, or gentrification zones suggesattack of development and the presence of
ethnic neighbouroods reflect the problem of tribalism in Africa. The informal satellite
townships at the edge of the city reflect poverty in African cities. Usuadlgr migrants

occupy these satellite townships.

The classical urban land use theorlagl the foundatin for urban land rent theargection
2.2.2discussed the central theme of urban land rent theory and reviewed scholarly views and

findings onthebid rent function.

2.2.2 Urban Land Rent Theory

The Urban land rent theorgad itsr oot s i n the work of von Tt
variations in agricultural land rents to differences in fertility and location in a theoretically
isolated community." The nedassical economictheorists, includingAlonso, 1%4; Mills,

1972; and Muth, 196Rxter built on this to bring forth a theory of urban land differential rent.

The assumptions of ffierential land rent state thatent reflects differences in real
productivity (lower unit costs of production/tramstation) at various locationsThe city

centre is the most prodim¢ location in the urban ardeecausef the high concentratiorof
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transport facilitiesThe rent falls to zero at the margins and the marginedtions are at the
urban fringe.Firms andlandowrers are competitive price takerthere is no monopoly and
theurban system is an atomistic markestthange economy without governmarterference

or social classes.

Although many of these assumptions had been questioned, howexeremain the basis

upon which wban land values are explainddgure 2.3 presentsschema othe urban land

rent theoryRent a surplus (profit) resulting from some advantage such as capitalization and
accessibility is highest in the city centre fetail because this activity is closely related to
accessibility, while singkdamily housing ha the lowest marginal cost. Rent gradient
declines as distance increase from the city centre (see figure 2.3a). The rent gradient is related
to the marginal c&t of distance for each activity, which is how distance influences its bidding
rent. The friction of space has an important impact on the rent gradient because with no
friction all locations would be perfect locatiortdowever,there may be high variations

rents in urban areas with multipteiclei Figure 2.3b presents a schematic representation of
variations to bid rent theor{the emphasisn land rent theory is location and transportation.
Considering the influence of location in urban rent, Marshall (1925) referred to the locational
advantages of urban land as contributing "situation value." Chamberlain (1933), states that
"the rent of urba land is explained wholly, that of agricultural land partly, by the factor of

| ocat i on. ocemphasizegihe (nfludn2e70oj location upon land value by considgr

the relative accessibility advieages of different urban sitddaig (1927) assumed asolated

city in which accessibility to the central core was the dominant aim. He also assumed that the
primary objective of individuals and businesses in making locational decisions was to reduce
the sum of site rentals and transportation costs (whialefeered to as the costs of friction)

to a minimum (Wendt, 1957).

Summarily Hai@ €xplanations on land rent in the city centre hinges on the fact that the
centre of the city has the advantages of physical proximity or accessibility to all parts of the
city. All activities will find the centre the most convenient poia$ a resultlocation and
rents in that sector will be the highest. Competition of uses will result in excluding certain
uses that place a lower rental value upon central locatointheowners of the relatively
accessible sites will impose a rental charge equal to the savingnsportatiorcosts, which

the use of their sites makes possible.

20



2 - Overlay
of bid rent

1-Bid rent curves

Rent curves
B- Industry/
7 o
Al B BAVAN N
I ] | ]
] [} 1 ]
> > [ 1c
Distance b '-E
| =
] | w
I 1
1

C - Apartments D - Single houses

L

L

)
1}
rent
A-CBD
B - Commerce |indus try
C - residential high- medium density
D -sub-centres
E -Suburbia
(b)

Fig. 2.3. Bid rent curve function.
Source Google images

21



Hurd (1903)conducted a comprehensive synthesis of the economic theory of urban land
values with an empirical review of land value trends in the United Stdtesgreed that
economic rent for urban sites is based upma superiorityof location. Estimated future
prospects fam the "mastering factor of all exchange values™" and capitalization rates will tend
to vary with the prospects for growth in different localities, being generally lower in larger
cities where the ease of sale and stability of propertgdame ae generally greater. Hurd
pointed out that urban land values are influenced to such a degree by general financial and
economic conditionghat values at timegépresent, simpla condition of the public mind"
(Wendt, 1957).

An abstract model that treatdooth firms and individual households as a consumer of space
was developed by Alonsd964)to explainpatternsof urban land uses in urban are@ke
model holds thathe individual household or firm has a budget constraint on the type of
goodsit can buy,consequentlyincomewould be spenin such a way thaamount of space
consumd, commuting costs and othexpenditure are in equilibrium(Ayeni, 1979).Alonso
(1964)definedthebid rent function othehousehold as;

O 0O DR Qohéeéééééééecececeeééééééeee. (2.1)

Wherey is the incomePzis the price of the composite godljs the quantity of the goods,

P(x) the price of land at distan€e) from the cent, q the amount of land purchased &)

are commuting costs. Alonso assumed household preferences for different locations in the
city. He went further to define household satisfaction by gi@mglity function in the form

of;

CrilNe £ £ £ £ 4L 4L £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ Z

W b6dmmwé éééééeééeééeééeééeééeééeée (2.2)

The utility function plus the budget constraint (equatibh) definesthe locational choice of
the household oiirin in the city (Ayeni, 1979)Alonso model is useful in analyzing land use
and behaviour of firms imn urban setting. lbffers insights into the relationshipetween

urban spatial structure and market equilibrium.

The theory of urban land rent is relevant to the present research because -{b&yiremnt

ability of different economic functiongrgely determineshanges and pattern of urbiamd
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use Such economic functions includeetailing, industry, residence etGenerally, gery
activity would like tolocate in the optimal location in the citygwever not all have the same
capacity to afford itOptimal location in tk city is where accessibility is optimal, usuathe
central business district (CBCRunctions withthe high rent paying abilitipcate in theCBD.

As the city grows andmore remote locations are being used, renthefmost accessible
places increase inducing higher densities and productivity. This generally occurs by
"expulsing” some activities outside arattractingactivities that are more productivéhus

the rentpaying ability of different economic functioti®comes one of thmajor factos that

accounfor citiesgrowthand why growth is usuallgoncentrated at the centre of the city.

The key assumption of urban land renttiet both land rent and residence density decline
with the distance from the centre. In othesrds, rent and distance are power functions of
distanceThese two variables play significant roles in the growth of cities. In this next section
(section 2.2.3),He relationship between population density and distance was exaim&d

is necessary becausetb rent and densitiyave been establishedthme literature asmportant

factors driving urban growth, particularly urban vertical growth at the centre of the city.

2.2.3 Urban Population Densities

The urban population represents one of the most imgogspects of the city. Urban
populations are made up of households, andousehold is an important unit in
understanding the behavioural characteristics of an urban population. The pattdvarof u
population distribution hadbeen established to be the kind in which its densities decline
exponentially from the city centre into the suburbs. More than half of a centorChgk

(1951) demonstrated this quite clearly through his empirically derived equation expressed as;

Q NQQ éééeéeéeé éecéeéeéeeéeéeée. )(2.3
WhereM, | is population density d at distancdrom the city centrd® is central density as
extrapolated into the c ibisyhé densitygradientad natlral si n e

logarithm measuring the rate of change of density widtance. Equatior{2.3) when

transformed linearly becomes;

OB 00 éééééeecééééeeéééeeeééée. . )(2.4
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The application ofurban population densitigbeory is very essential and useful in urban
growth analysis.rl the firstinstanceijt is useful inidentifying the processes underlying urban
population densities angrowth. Second, ithelps in relaing various functions (Populatn,
area, distance,stancedensity curve) which are descriptive mechanisms of urban population
densities not only to the sik®f urban centres but aldo the growth ofurban areas in
different so@-cultural settings inthe world.Since uban population depends on urbanda

for existenceurban mardand relationswill no doubt becomanore and more strained in
cities because othe population explosionAs a result, understanding densitydistance

functionin an urban setting is a skggianon for effective urban planning.

The classical models of urban growtacognizedvertical develpment inthe city centreas
obtained insomeAfrican, and in mosEuropean and American cities; howewée patters

and processs of urban vertical growth were not explained. Given thisuritstanceand,
consideringthe importance of the examination of urban vertical growth in this research
section 2.2.4vas devoted tohe theoretical explanatiasf urban vertical growth. The section
explained the concept afvertical city.

2.2.4 The concept of vertical cities

In the monocentric explanation of city structure, urban workers/residents commute between
the city centre and their residencies for work. Since commuting is costly and increases with
distance from the CBD, it is assumed that wdlials or households would choose, other
things being equal, to live closer to the city cenkes.a result, housinglensity, housing
price, rental price and land valusdjustto the market, thus land for housing becomes more
expensive near the CBD. THegh cost of land is a major reason why developers and
investorseconomse on the use of land by increasing density and building upward at the
location neathecity centre. As aesult,the city structure is characterised dligher density

and tallerbuildings close to the CBDOwhile the finge areas havewer density and building
heights (Alonso, 1964; and Mills, 1972). Thus, there is a negative exponentialrdand

gradient between the central location and its hinterland.

The agument in support fourban vertical growth is premiseoh the increase in urban
population growthand the need to meet the increasing demand résidential and
commercial spacesithin the city, @rticularlyin places wher¢he supply of lands limited

for urban development. In this regalijilding upwardoecomesa sustainable strategyhe
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process of building upward resuitsthe vertical expansion of urban space and invarialay th

development othevertical city.

The idea of vertical agsis theoreticalin nature(Akristiniy and Boriskina, 2018), as a result

its conceptual explanation may be a bit challengimwever a vertical citymay be defined

as an architectural system piding critical urban functions and @ervices different from

that being provided in a multunctional buildingKing and Wong (2015) definetie vertical

city as a series of interlinking, environmentally friendly, ssltaining, mega towers that
extend as high as a mile skywardl. vertical city provides all necessary functions that a
horizontal city typically possesses, including recreational spaces, free public spaces, social
and governmental services, education, energy, and food production (Howell, B01dgte

no true vertical cityexists what obtainss the expansion of the city above the ground through
many tall multifunctional buildings thatat best combina residential, restricted medical

facilities, hotel and retail functions.

In terms of design,he idea ofvertical citiesas conceived today may have started by Le
Corbusier (a SwisErench architect and urban planner) in 1932 proposed a plan for the

AVi |l ltee mMpomr ai red ( c o madel mity of theee willioo ipaople) whose

residents would live and work in aayp of identical sixtystory tall apartment buildings
surrounded by lowerig-zag apartment blocks and a large park (en.mipalia.org, Le

Corbusier, 1946 and947). Similar tothe Le Corbusier idea, Frank Lloyd Wright, a
contemporary of Le Corbusierth9 56 desi gn a ver t-aé28ktoray,i ty c:¢
mile-high skyscraper thdtas capacity to housé)0,000 peopleaccommodateabout 15,000

carsin its parking lotandhasenough office spasesufficient to househe state government

(Frank Lloyd Wright Archives, 1994).

Thirteen yearsfter the breathtaking attempt of Wrighgoleri (1969) design a vertical city

pl an cal | which WaBmopasdd do0house a population of 520,p@@sonswith

facilities comprising industrial ases, parking lots, community centres, neighbourh@idsn

recent times, everal other designs of vertical city have emergeduding; i Ar cosanti 0O
(Soleri, 1970);,J apan @ Hy p @ttp:/mBvw.arcosantiroga®03) and theSky City

1000 (TakenakeCorporation, 1989) Others arei Ho | o n i c desigoed érTaokyo,

Japani Mi | | enni um dsterarwpadners.oom, \B00B);UIl t i ma deSignede r 0

for San Francisco, Californi@sui Design and Research t . 1991) ana& ABi on

25



proposed veital city designed by Celay& ervera and Gomédpr the city of Shanghai. The
proposed tall structure was designed to havmain tower of 1,222 meters (4,03ef)

heightand300 storeys that coulibuse approximately 100,000 people.

Recent dvances intechnologymay be birthing into reality true vertical cities. Today we
havegreat architectural desigasross thevorld that qualifiesas vertical cities. For example,

Chinad $Shanghai towerin Shanghaiprovinceis a 632 metres (2,073 feebigh spiralling

trunk mega tall skyscrapenaving 128 storeyshat hae and stacks the amenities of the
horizontal city blocki homes, shops, offices, galleries, and multiplexes on a vertical plane.
The plan of the building has a fAsky garden:
making it an ecologically compliant sttwre (The Guardiafdnternational Edition, 2016)

Similarly, the 828 metres high Burj Khalifa ahe United ArabEmirate has a residential

space of about.85 million square feeprime office space adver 300,000 square fediotel,

luxurious recreational andisure facilities and about 900 residences that spread over the 19th

to the 108th floor of the towe(Fact Sleet - Burj Khalifa, 2010. Furthermore,the 1.6

kilometres high Jeddah Towepresentlyunderconstruction in the Kingoim of Saudi Arabia

is anarchitectural masterpie¢katwill haveoptimum facilities similar to what obtains on the

city surfacewhen completed.ikewise, te recently proposedloud Citizen a new highkrise

futuristic designby Urban Future Organizatioand CRDesign features a singular mega

building complex that aims toreate a hypedense urban centrlat is environmentally

friendly (Rawn, 2014). The proposed 680 metail, mega structure offers an alternative to

the singular and unconnected higbes found in most metropolitan areas. Cloud Citizen

when completedwill functonas a fAcontinuous metropoliso wi

the air and integrated into the structure itself

Figure 2.4 gives an illustration of the factors influencihg appearancef the concept of
vertical cities. Central to these factors is the high rate of population growth in cities
occasioned by natural increase and migration. Then the need for sustainable stdutions
housng the teeming popalion in the city maximizing resources (land) at the centre,
reducing the amount dhe costof land and protecting thenvironment, particularlyn the

ci ty 6 s lecstartheuemdrgence of tall structures at the centre of the city. In some region
of the world, particuldy in Asia (Shanghai, Singapore and Hong Kyrthe lack of resources

(mainly land) for urban development is a major factourban vertical development.
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Fig. 2.4. Diagrammatic illustration of the appearance of vertical citiesconcept.
SourceAkristiniy and Boriskina, 2018.



Two major technological breakthroughs that contributed to the vertical development of cities
were advancements in steel structures and vertical transportation. In particular, the
development othe elevator byElisha Graves Otis in 1852 made the construction of tall
buildings a more feasible developmenbday, advancemenis steel structures, steel framed
gravity system, improved reinforced and{steessed concrete coupled with improvements in
the socioeconomiadevelopment othe countriesof the world are accelerating the rate at
which cities spacegxpandvertically. As indicated in figure 2.4, odern technological
advancement, includingeroponics smart glass, magnetic levitation technology &unked
damper are gradually transforming tall structumet a true vertical ecosystemwhere
biological, physical and social systeinseractto form complex entities as obtathon the

horizontalcity surface.

2.2.5 Complexity Theory

Complexity theory isa contemporary embodiment of geslesystem theory (Batty, 2000).
The general systems theory as a scientific paradwas developed to explain the way
distinct entitiegsystems}hat are composed of lower ordsErmponent®rgani®d tremselves

to become an orderezbnsistentwhole that ha pattern and order sudh h a t At he whol
greater than the sum df h e  p(Bertalasffy 1972) The structureand behaviour of
different systemswvere understoodthrough feedbackand hierarchicalorganistiors that
enable themto achieve certain stated goals. Citiasd many other physical and social
systemsdfit into the category of thee entities; hence,the general systems theory became a
generic logic for explaining structure, form amderactionin physical and social systems
From a general systems perspecticgies were conceptualise@s ses of elementsthat are
connected through various forrasinteractions. Their structusexplained to bén a stateof
equilibrium with a centralized form of control atop-down patternLand useactivities with

their economic/functional linkagewerethelens for the examination of cities.

Urban analysis from thegeneral gstem theoryperspective was based orinear equations
systemsthat lack spatial content (i.e not spatially explicigssentially, there as the
development of series ofshggregate models baseduditity maximizingand macremodels
of spatial interactiobased orthe idea of entropy maximationto explainthe structure and
interaction in different entitiegities) However,mechanisms fogquantitativedescriptions of

how systems developed from pawsre actually missinglin addition, he understanding of
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theidea ofdisequilibriumandthe explanation of thaonlinear interaction in systenseem

impossible

Empirical investigations have shown that cities are never in equilibrium (Batty, 2008, 2007,
2004, 2003), that they are constantly changing, have positive feedback dnelpaoeluct of
human decisions and innovation. Cities are complex entities, their behaviour, though
surprising and unpredictable yet could be understood adequately (Cheng, @@83)re
dynamical systems where actors or agents (pecplamunities,busineses, governments,

etc.) are constantly interactingith one another and with objedtsuch as roads, buildings

and parks) within a ramgof urban settings or contexdadarechanging inresponse to each
other.These interactions and changesat nonlinear feedback loops that either promote or
deplete the life energy upon which their futures depdietrefore, treatinghe city like
simple or complicated machinas conceived in the general systems theory tends to limit our

understanding of howhe cityworks.

The raison d'étrfor complexity theorywasthe need tgrovide an alternative theory and
conceptsfor exploring thenature anddynamics of complex systemef which the city is
archetypal Complexity theory has its root in postmodern mathatics dynamical systems
theory, catastrophe theory, chaos thefmagtal geometryand fuzzylogic, whichare purely
new branches ahathematics spreading through scientific disciplines in the 21st century.
The theorydevelopedduring the last twegtyears through various excursions into dynamics.
It begins with catastrophe and bifcation theory, withthe application of nonlinear
approaches to biological systenpgralleled by work in deterministic dynamics leading to
chaos theoryThis has culminid in ideas about transition, order, and the exfgehaos, best

seen in ideas about s@fganized criticality (Batty, 2005).

Complexity theory is not about the studyooimplexity;rather it is concerned with the diu

of the behaviour of systemgarticularly complex system€omplex systems are systems that
developfrom the bottom upTheyare those systems that evolve from their constituent parts.
Such systems grow, change and manifest emergent behat@margent behaviour ia
behaviour that #&es out of the interactigrbetweercomponent®f a systemSuch behaviour
cannot be simply inferred from the behaviour of the components (see figurbetaisehe
prediction or extrapolation of such behaviour frdme behaviar of those individual pas is

highly challenging
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Characteristics of Complex Systems
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Fig. 2.5. Characteristics of complex systems
Source: Ferreira, 2001
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The condition in complex systems is dependent on interacting individuals, which often result
in unpredictability and path dependence. Path dependence suggests that the outcome of
interaction in the system is a product of the path takbe.goal of complaky theory is to

provide a generic logic with which we can understand complex systems. Figure 2.5 illustrates
the characteristics of complex systems. First, thegsist ofmany diverse components.
These components interact dynamically and -lvoearly, to bring about widespread
information flow and feedback loops. Second ititeractionbetween the componertiskes

place on a number of level or scdRules guiding ach level in the systere consistenwith

those of a lower level (Crawford, 2016l is possible to study amplex systemsby

positioning oneself at one of these levels.

Third, complex systems are characterised by emergamcemergent behawothat cannot

be inferred directly from the behawoof the components. Fourth, they are setianised
systems. Selbrganization results fromthe presence of attractors in the system. These
attractors enable the system to evolve regardless of the initial conditions of the system. The
idea of seHlorganization relates to spontaneous order that emehgen local system
interactions. Although complex systems are hierarchically organised, yet autonomous agents
in the system act locally without global control. In other words, boetiprprocesses govern
interactions among agents or actors. The hierarcbrganization of subsystems in complex

systems often resulis evolution over time.

An important characteristic of complex systems is that they are usualgan-equilibrium

state This conditiormay easily result in chaotic behantoChange withira complex system

mainly occurs due to a change in the nature of interactions that link the parts together. In
complex systems, cause and effect are subtle over time. Complex sybtEnef®re, are the

kinds of systems with many different parts that, byather mysterious process of self
organisation, are more ordered and more informed than systems that operate in approximate
thermodynamic equilibrium with their surroundingdrshal and Batty2010 andBatty and
Marshall,2012.

Because complex systemeeanonlinear systemsand areusually under the influence of
evolutionarydynamics using linear mathematical models and equati®@asmodel them is
inappropriate. Hence, the techniques of complexity theory are built on -limaar

mathematical methods and spat@iporal data of which developments in geographic
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information systemand remote sensing offer ample opportunities for analysis and modelling
(Cheng, 2003).

Popular among the&echniques of complexity theory are cellulatanata(CA) and agent

based modéhg (ABM). Cellular automata models are built on the principle of a collection

of cells with defined finite states. The evolution of the system is maldbifeupdating the

state of each cell based on fuescribed rules (i.e. transition rules) which take into account

the states of its immediate neighbours (Christakis, et al., 2010).-Agsatd models (ABMs)

are complementary to QCAleand outrielsiod e/ el aag esnytss
Agents are defined autonomously as behaving components whoseaastafedated by pre

described evolution rules (just like in CA), but which can learn from their environments and

can thugespond byhangng their befaviours (Christakis, 2010).

The application of complexity theory in social science research igfustging however, it
has beerwidely embraced in the field of urban systems analgsid other disciplinesThe
wide applicability of complexy theory makes it promising. The theoojfers much for
urban research, particularig understanding and explainingban growth dynamicddeas
and concepts in complexity theory providdramework for modellingcomplex systems
They assist in providg nexus between modelling exerciaad practical applications.
Complexity theoryoffers a strong platfornto understandand plan urban areak. has the
capacity to provide insight that could helpiimproving the present urban planning methods

that are madequate to address various evolving urban environmental challenges.

Given thedevelopments irmulti-temporal data collection and newodelling techniques
there is a renewed interest imderstanding and modelling the complex nature of urban
growth. The next section in this chagr attempts a revievef the literature and empirical
findings on cities as complex systemi also reviews empirical findings aurban growth
analysisand modelling The sectiordividesinto two major parts. The first sectialiscusses
anempirical enquiry into the nature oitiesas complex system3he second focuses on the

review oftheliterature on urba growth analysis and modelling.
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2.3  Review of the Literature

2.3.1 Empirical findings on cities as complex systems

Cities are the most ocoplex arefacts built by humans (Gallegos, 201Jdane Jacobgl961;
1969)wasmost probablythe first to propose that the city was an example par excellence of
organized complexity (Batty, 2005 She argued that complexity in cities emerged
spontaneously and organically from the bottomIng similar vein,Alexander (19641966
hadrecognized the bottomp evolution of city systems and implications for urban design.

He observedhe complexity in the inner nature and hierarchardering of citiesHe noted
thatinteraction within the city is a potential complexity that is often overlooked in planning.
He, thereforeargued thaplanning and management approaches needed to be as organic as
the city itselfin orderto beeffective.In addition, he emergence dfiverse kindof cultural

and economisequestratiom cities in recent yeansad been observed to be a confirmation
of the emergent properties aties (Portugaliand Benenson, 1997), which is a byprodoét

interactionsat local and global levelsetween individuals and the city environment

Extending the frontiers of the idea of cities as completesns Michael Batty in his several
publications hd demonstratedhat cities are complex systerf®ee Batty 20082008(cluster
edition); 2007; 2005; 2004 and 2003)e proposeda change frontentralized (topdown)
approach talecentralizediottomup) approach in the study of cities and urlpdanning He
re-worked ranksize rule and explained the concept of hiergrahd urban dynamics from
complexity perspectiveemphasizingscaling selfsimilarity, and disquilibrium in urban

systems.

Cities are not only complex systems; they are dually complex systems (Portugali, 2016).
They aredually complexbecausefirst, they are composed of material components and
human components. As a set of material components, the city is an artefact and as such a
simple system; as a set of human components (the urban agehts)city is a complex
system. Thanteraction among urlpaagents and between urban agents, betws®=n i t y 6 s
material components antthe environmenttransformedthe artefact city intoa complex

artificial urbansystem (Portugali, 2016).

Secondly, the complex artificial city created, influence the behawburrban agents, it
develogs into a complex artificial environment (Portugali, 2011) for a lesgale collective

and complex artefact that interacts with the environment on one hand, while on the other it is
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an environment for the millions of people thige and act in citiesThirdly, cities are dually
complex systems because of the complex interaction between internal and external
representations of the artefact city. The internal representation of the artefact city is in the
form of ideas, intentionsnal memories, thoughts that originate and reside in the mind/brain
of urban agents, while the external representation of tefaetrcity is in the form of texts,
cities, buildings or roads that reside in the world. Obviously, cities are like living srmgani

They aredynamic, complexsystems that comprised of independent and often smaller, more
understandable sudpbmponents that relate with one another. Growth is a produitteof
relationshipbetween variousubsystem®f urban systemsUnderstanding tki has been a

major focus of urban analysis and urban growth modelling activities.

In the characterisation of citiespur levels of complexityhave beenidentified in the
literature.First, there isdefinitional complexity. Defining a city is a complex adventure due

to variations in standards adoptedhe settlement classificati@atross the world. Population
threshold, a generally accepted standard for classifying settlement is fraught with lots of
complexity, as nations differ in the population standard for urban areas. A city is therefore
what it is based on theoretical definitions and according to the powiewf, whichis chosen

to define it;whether anthropological, cultural, economic, gepdyical, political, religious,

demographical, morphological, social or legal.

Second there is spatial complexit he Chr i st all erés centr al pl e
aptly as it explains the city as existingthin a network of cities (Christalle£,933 Getis and

Getis, 1965 As a resul a city cannot be conceiveas an isolated entityatherit is "a

system within systems of cities" (Berry, 1968)milarly, the distributionof citiesin term of

size and scaleasenunciated n Zi pf 6 s had lseantxplaingd bly Batty (2008) as
evidenceof spatial complexityn the distribution of citiegn an urban systengcaling lawis

like afractal (an object that displayselfregularityor selftsimilarity on multiplescale$. It is

an algebraic function that does ratangeform when its scale is changdeor examplejf

wtransformto ¢ the functionof wchanged$rom "Qw to ¢"Qw . In other words;

Mw=q(Qwééeeéééececeeééeéeececeéééeceeéééeee (2.5)

CQw ="Qcwn e éééeeeéééececeeéééeeceeééeeee. .. (2.6)

34



Equation 2.6s similar tothe power law given gs

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

"Qw plce é éeéééeeééeéeéeecéeceéecéeeced. ... .27

In addition, it hadbeen established ithe literature that tties follow the law of allometry
(Cebr at and SpoGhenang &g PO1aAn@ I @t &l., 201% They change in
scale and sizeBased orZipfé sule, as theygrow, theyget bigger and become leissterms

of size The number ofpossibleconnectionsbetween thenincreases as the square of the
population Similarly, the average time ahtraurbantravel and density increaseBensity
increases at the centre and fall towardspiepheralareasAll these areevidence hat both
scde and &e arerelated Theyarefunctions ofdistanceandare the underlying factsof the

spatialcomplexityin cities

Third, thereis the temporal complexitpf the city. The multiplicity of time scalest which
eventoccursin the citydefines itscomplex structure.Differences in the time scales of the
componerg of an urban entity cause sevessflinctioning inthe day-to-day life of cities and
make the description of the dynamics oé thrban systems very difficulLastly, thereis
taxonomic complexity. Due tdé changingsocial and economic contardf cities andtheir
importancein time and spacdifferent generation®f towns andcities emerge As a result,
the systems of cities amt amenable t@ stable taxonomic description. Therefore, cities
needto be characterized differently aadcording to their morphological aspect as well as to
their urban functions (Pumain, 1998Jhis usually createtaxonomic complexity in urban

systems.

Given the foegoing, it is obvious that cities are highly complex. However, our
conceptualization and thinking about citeae far away fronthat It is no longer reasonable

to conceive the citys a simple machine that can be controited topdown fashiorby the
imposition of rules and regulation€ities behaviours are far awdyom such; as a result,

their management becomes a daunting task given such perspéstigeresult, liere isa

need to changthe way we conceptualise and design our citige need methods thatlow

an understanding of the whatei t sysems rather than the par@omplexity theoryoffers
opportunities for understanding the complex nature of cities and designing them in such a
way as to function optimally. The theowllows urban decisioamakers, designers and

community to understand the complex natureités. In he next sectionempirical findings
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on urban growth analysis and modelling particularly from the perspective of complex systems

theory were considered.

2.3.2 Empirical findings on urban growth analysis and modelling

Two aspects of urban growth that hawaught the attention ofirban geographers and
plannersover the yearsare the demographic and spatial aspects of urbatron. While the
former relates mainly to theroportion of peopledwelling in urban areasthe latter is
concerned witlthe organization of urban space as a product of demographichgaogtcity
size distributiongGeyer, 2003; Gwebu, 2006; Gwebu, 2013jban growth concernthe
patternof land developmerdnd the process of attaining a form influenced by various factors
It is a process whereby namban activities and spaces transit into urban thrausgries of
processedn the language of complexitheory, urban growtks anarchetypakelf-organized
systemconsisting ofthree interrelated defined subsystems viz;developed urban system,
natural norurban system and planned urban system (Clark and Gaydos Wa8&). growth

is a spatial system th& spatially heterogeneous, considerably complex and varies in time
and spacelt involves variousagents, exhibitingdifferent patterns of behaviguthat has

significantimplications for humans and other ecological components in urban areas.

Studyingthe dynamics of urban growth involves understanding and modelling individual
subsystems (various land uses) and their behaviours in cities. It involves analysing and
understanding the patterns, processes and drivers (causes) of growth in urban areas. This
three must be clearly disguished, understood and an&ysising appropriate techniques
(Galster et al., 2001Yhe mttern is closelyelatedto processhowever the two differs.The

process creates, modifies and mainddine pattern, but patternoostrairs, promotes or
neutrali®s process (Li and Wu, 2004yhile the pattern of urban growth had been explained

to mean the spatial arrangement of land uses in citiegprocess of city growttoncernsts

spatial expansion and itdr@butes (Galsteet al. 2001).

The spatial expansion de city had been likened to the mawentof an advancing wave on

a beach and land in the fringe, be it farmland, gjeasl or forest (Bryant et all982: 34)
cited in Sebego and Gwebu, 2013). The advance dbulteup edge of a city is a process,
like a wave breaking on a rocky shore, irregular patches of wba@mrbarassociated land
use,develop well beyond the builtp edge of a city with ribbons of development (Greene
and Pick (2006) cited in Sebego andé€bu, 2013).
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Several theoretical explanations had been provided in an attgrepplainng the patterrs
and processes of urban growthhe modernist theoriesncluding; central place heory
monocentric models of urban growthicroeconomic theoriesand polycentric model argued
that urban growth patterns and processes are fusatiosocioeconomic variables, among
which areland use type, population densitytansportation, location, bid rent function,
housingrent, land and housing valuesgononic clustering and agglomeratiofihe post
modernistperspectives on urbanisati@s exemplified by Harvey (1973985 1989 and
2003 believe that urban growth is a producttbé crisis of Fordism deindustrialization,

class and racial conflict, demoghap shift and hypemobile capital.

A theoretical explanation fourban growthpatterns andprocessesn the cities of less
developed countriewas provided byMabogunje (1961, 1962 and 1962H He undertook
the ecological analysis of Lagos and the growth of residential districts in lin@etaopolis,
by identifying andclassifying major residential districts these citiesHe found that growth
processesn most cities of less developed countrege produd of fission, occasioned by

whim and carices of urban administrators.

In his efforts at explaining urbanisation in Nigemdabogunje {968 provides ann-depth
analysisof processes ofirban growth in NigeriaHe observed thatauses, processes and
consequences of urbanogth varied from place to place. He showed that understgndin
urban growth should proceed from an examination of the processes of urbanization and the
uniqueenvironment within which tree processes played ole identified three stagestime

urban growth of Nigeria namelyre-colonial, colonial and postolonial stagesEssentially,

he observed that there is both spatial and economic duality in mosticiNggeria. Spatial

duality concernghe presencefdraditional and modern ceng@nd economic dualitis all
aboutthe presence of formal and informal sest@patial duality hasignificant effects on

the growth and development of cities in Nigeria.

The study of thetrend in the development of builp areas of the city of Jegasundertaken
by Ayeni (1974) He established the fact that the spatial structure of theotilpswas the
outcomeof two interdependent elements; firdie location of housing stock asécond the
location of economi@ctivities. Based on data collectec lilevelopeda residential location
model, which he proposed as a general framework for timaipig of Jos metropoliSalami
(1997) studied the growth of Ibadan region. He identified population incrbeseature of
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urban land uses and landscape configuratioie location of the development
schemegovernment policy and pattern of route development as forces influencing urban

growth.

Seto and Fragkias (2006%ing the method of landscape ecology, studied the process of land
use change in the cities of Guangdong Province in China between 1988 andri®©go.
discovered that there &ssimilarity in the expansion and speed patterns of the cities that make
up the province, despite different economic and social background. The factor of urban
growth in China was examined Wbiyan (1999) He found thatthe major factorsthat
contributed taChina's urban growtlnd shaped its current urban spatial struoiteeesocial

and political factorsrather thanan economic factar The mttern of urban horizontal
expansiorin China had been reported to be similar to thah&lJ. Sand EuropgShi, et al.,
2009)

Several studies had considered tttearacteristics and driving mechanism tbe urban
expansionprocessin Europe and North Americ@Aguilar, 1999). For example, Alig et al.
(2004)reportedan increase of 34% in urban land constructiothe U. Sbetween 1982nd

1997 He identifiedthe cawversion of arablandforestlandto urban landas thepredominant
factor influencing land use chandge alsonoted that the driving forces of urban growth are
mainly population density and personacome. Between 2000 and 200&rban land use
increasd by 3.4% More than a estimatedquater of European Union territoriewere
directly affected by urban landse. Economicfactors {ncluding globalisation, European
integration, rising living standards, land prices, national policies), demographic factors,
housing preferences, social aspects, trangpont and regulatory frameworlase foundo be

themain drivers of urban expansionEurope(European, Environment Agency, 2011).

In urban research, significant attention had been gigguatterns and presses of urban
horizontal growth while the vertical dimension of urban growth had received little attention.

As observedbWe i zman (2002) fA-ddwe aeabgaze bad lorg dominated t o p
both mainstream and critical geopolitical discourses.hifo, this had worked to flatten

spatial imaginaries. Geopolitics he said is a flat discourse that largely ignores the vertical
dimension and tends to look across rather than to cut through the landscape. This was the
cartographic imagination inherited frothe military and political spatialities of the modern

stated ( Wei ZodaesimilaRf@t@e@ng of 8igcourses and imaginaries tends still
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to dominate critical urban research in the Anglophone world (Graham and Hewitt, 2012), as a
result relatvely little attention is paid to the process of vertical expansiarities (Shj et al,
2009).

Urban \ertical growth in cities may have started with the construction of nsiltrey
buildings by the Roman Empire. Howeyeroundthe 16th centurya number of mud brick
tower houses of five to eight storeysuilt to protect thanhabitantsfrom Bedouin attacks
werefound to have been existirig the Yemeni city of Shibanin the later parts of the 19
century,social, economic and technological developments led to the construction of modern
high-rise buildings in théNorth American cities of New York an@hicago.Within the last

few decades extraordinary vertical extensios of built-up space both upwards and
downwardsare ongoing in theMiddle East, Asia, and South East Astdowever,adequate

attention has not been giventtos development in urbampiricalresearch.

A survey ofcurrentliterature on urban verticgrowth showed that attentionnsainly on the
structural characteristics @ll buildingshigh-rise apartmestin the urban landscape.he
understanding of thpatternof urban vertical growtlandits associated drivers is limiteA.
major challenge in this regard tise unavailability of timeseries data that is able to capture
the vertical and volumet dimensions of urban growtlowever,researchs conducted so
far ha shown the need to focus attention on the vertittadension of growthas recent
development has suggested that vertiagy ¢s going to dominate 2lsentury urban

discourse and may be a solution for susthleurban development

Urban vertical growth isn importantaspect ofyeneral urban growth. It B product ofurban
compactness, population growth (Fan 1999), elmange in residential lifestyle (Lin et al.
2014).Comparing the rate of urban horizontal growth to that of vertical growth in the city,
Al-Gabbani (1991)nvestigated the expansiaf the builtup area of the city of Riyadh,
Kingdom of Saudi ArabigkSA), He foundthat Riyadh city is expanding both horizontally
and vertically, but it's horizontal expansion far outkeits vertical expansion. Tharocess

of horizontal expansion in the KSB& producing a considerable decrease in density over

space.

Shi, et al. (2009)examined the driving forces of urban vertical growtlShmanghai, China
They developed threedimensional spatial indefan indexthat expresses a proportional
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relationship between urban vertical and horizontal expa)ysaonl \elocity variation indexto
delimit the sages of urban spatial growth adéscribe the thredimensional spatial variation
in Shanghai usingShanghai's statistical datda he vertical and horizontal spacewas
represented byhe average higkrise building's heightaind urban buitup arearespectively.
Changes in urbathreedimensional spaceere analysed and the stutbund a transition
from fast horizontal growth to slow vertical expansionHowever, thespatial expansion
process was found to be primarily dominatedhioyizontal expansianThe city's horizontal
expansions being influenced by urbanization process, whitgorovement inthe industrial

structurewas the main driver of urbarertical expansion.

Batty et al (2008) using data for the Greater London region investigated scaling relationships
and power laws based on geometric properties of buildiigpe research established
allometric relationships between properties of buildifgenkel (2007) examined theatial
aspects of the distribution of higtse buildings in Tel Aviv, IsraeHe found that the spatial
distribution of highrise buildings matches the spatial development and sprawl of all the
metropolitan areas following Hall (1971) urban stage modébuBanization processes in
the direction of the outer rings of the metropgbieripheral areasead to an increased
probability of the appearance of higke buildings Re-urbanization processes leadthe re-
concentration of higitise buildings in thec i t opré $\lfred (1890) using diminishing
marginal return and land remtnalyseduilding heighs, Wright (1971)consideredhe layait
structure of tall buildings whildHoch (1968) examined the environmental effectsthaf

vertical expansioonf urbanareas.

Fan (1999) examined the vertical and horizoothangrowth in ChinaHe noted that urban
expansion has taken place vertically through population growth and horizdhtallighthe
addition of new cities t&€ h i ruegb@nssystemlhe Chinese citieslistinct feature of vertical
expansionhad been linked to huge populatipnessurethat occasioned residenay tall
buildings (Shi, et al, 2009).Institutional factor rather than scale factmr agglomeration

economies weréne principal factos ofvertical and horizontalrbanexpansion in China

A GIS-based cellular automata model for analysing and modelling the vertical complexities
of urban growth was developed by Lin et al., (2014) for GuangzhouGiiina(2001-2010).
Using several variables including; accessibility, building and population density, etc., they

effectively model and analyze building distribution patterns. They found that the fringe area
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tends to construct highse buildings, while the hinterland zone haiinessed a significant
increase n low-rise buildings. Theyshowed that urban vertical growth patterns can be
effectively modelled using GiBased cellular automata modelling technigliee model
developedshowedan outwardspreadof low-rise buildings, a&ompact develament of high

rise buildingsphase transition from a morw@nte to a bicente and the development of co
developed low moderate and higtate buildings that are beginning constitutean

important feature of the urban and smart glolandscape of Guangzhou city.

Saleem (2016) examines the drawbacks of vertical growtheihight of challengest poses

to urban dwellersn relation to theindividual and community healtithe historicity of
metropolitan, safety and upkeep of théam environment among many others. Population
growth, agglomeration, land prices, land consumption, human aspirations, symbolism and

ego wereidentified by AKodmany (2012) as major drivers of urban vertical growth.

Using remote sensing technique, Zhanhgle(2017) studied urbagrowth in Guangzhou city,
China. They found thaGuangzhou cityhad undergone both horizontal and vertical urban
growth from 19930 2013. Analysis indicated that vertical urban grofelfowed horizontal
urban growth successiwelFactors influencing urbahorizontal and vertical growtkwvere
found to be;increase in population density, real GDP, and fixed investment. While
population densitywas the major driving force of horizontal urban expansion, fixed

investmentvasthe majordriving force of vertical urban expansion

Given theforegoing it is obviousthat growth in urban areas happens both horizontally and
vertically. However,the understanding of growth in cities will be limited without exploring
the nature ofurban growth both in two dimensions and in three dimensionkis will
enhancsethe analysis ofirban systems andtimately help in understanding and addressing
numerous urban planning challengéaderstanding the nature of urban growth has occupied
the hearts of dman geographers for several decadelsjor research efforts directed towards
achieving this is the simulation and modelling of urban areagester (1969may have
been the first to develae first coherent dynamic systems model of a city with feedback
Usingmany important variables including residential population, housing, employment, land
use, transportation, and governameeprovidedan explanation abouthe growth of thecity

of Boston Urban growth in the Detroit region difie United States was simulated by Tobler
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(1970) using computer muaie simulation His urbansimulationattempt was most probably

the foundatiorfor more spatially specific modelhat emphasized temporal feedbacks.

Using catastrophe thegrimson (1975) expled the usefulness of the idea of catastrophe in

urban systems modellindde developedthe cusp catastrophe mod&b explained urban
density as a function of rent and Aopul encec
cusp catastrophe to the anasy®f developmental patterns of functions provided to the
population by cities. He also used butterdigtastrophe, whicks one of the more complex
elementary catastrophes to explain the issue of equilibrium residential property prices in
urban land marks. Mees (1975) modelled the revival of cities in medieval Europe using the
five-di mensi onal Abutterflyd catastrophes. Wi |
underlying catastrophe theory and showed clearly that the cusp catastrophe can be ased in th
theory of binary choiceHe specifically applied catastrophe theory to the explanation of

modal transport choicewithin an urban settingemphasizing its usefulnes® urban

modelling. Wilson(1981) using caastrophe and bifurcation theodeveloped models that
demonstrated how new kinds of activity and infrastructure could emerge spontaneously and

quite rapidly in unexpected locatioasd chang¢hegrowth pattern irurban setting

Related to Wilsoa €1981) work isAllend §€1997)who may probably be the first to develop
complexity theories of cities frorhe self-organization perspectiv®ased on selbrganised
principle, re developed models that demonstrated effectivew new kinds of activity and
infrastructure could emerge spontansly and quite rapidly in unexpected ations
Mustapha Ben Hamouche, (2009) applied chaos theory to explain complexity in urban fabric
using a traditional Muslim settlement. The study demonstrated the ability of chaos theory to
provide better instrumesfor the analysis and understanding of the traditional urban fabric in
old Muslim cities that have paradoxically long been considered as lacking order and thus

chaotic.

Haken and Portugali (1995) examined the-selfanization ability of cities and setthent
basedon the synergetic theory of citieS.heydeveloped mathematical modéb explainthe
change of population by migration and change of profession witkimrban system. Pulselli

et al. (2006) from the perspective tbke theory of dissipativeities examined complexity in
urban systems by studying mobility in urban space. Dynamic patterns of urban mobility were

investigatedto demonstrate that cities behave like complex-agdpting systems. Sun and
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Liu (2013) analysed the city ecological syst based on dissipative structure characteristics
to explain the process forming dissipative structliteey developedin entropyevaluated
model to explainhe city's levels of ecology systeMlilson (1970, 1981, 2007 and 2008)
developeda series of entpoy maximizing modelsdeveloped from ideas fromtatistical
thermodynamics and information thepry describe analogies between citég®sl other social
systemsHis efforts showed that information or entroigya measure of system complexity
and thatcities are opercomplex systems that exhibit all the properties of natural complex

systems.

Many of the modding attemptsdiscussed abovevere based onlinear mathematical
equations thatick capacities teffectivelyexplain the logistic trend in urban systems. Urban
growth is a logistic functionthat requiresspatial and temporal datand nonlinear
mathematicatechniquesfor its analysis, interpretation and explanati@evelopments in
geographic information systesrand remote sensimgovided many opportunitiesto obtain

timely repetitive data thatre suitable for analysing nelmear functions Remote sensing

data provide an inductive, botteup pergpective to understanding urban patterns and
processes. lt ncor por at es fAr e aibasedonedsutements efnibanefornrs e n s |
and dynamics rather than generalized consideration, as are commonly used in traditional
spatial theories and models of urban spatial stracand change (Herold, et 2002, 2003

and 20035.

An aspect of urban modelling that has benefitted immensely in ¢hefusmote sensing and

GIS is Cellular Aitomata modelling(CA Modelling). Cellular automata model§CA-
Models) offer innovative thinking and methods faomprehendingand mod#ing the
inherentcomplexity underlying urban growin space and timdt offers the opportunity of
reproducing complex phenomena like urban growth (Wolfram 1994). Cellular automata
models represerdpen systems that aoapable of selbrganisation. Developing automata
models that are more complex in their internal processing and in their behaviour, leads to a
different world of modelling activities known as agéatsed modelling, mukagent systems

or simulation. Suclautomata are called agents. While there is no accepted definition of what
an agent is, the term often signifies an autonomous, intelligent entity that can interact or
communicate with other autonomous agent or intelligent entities. Ageatd simulations

can provide valuable information about the dynamics of the real world(s) that they emulate.

They are powerfultoslf or fAwhat i f o scenari o analysis.
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In addition,CA models have the capabilities of being used as laboratories for tesbimg
theories paricularly those fundamental urban theories includihgsch theory of urban
settlement distribution theorywon Thinen location theory, Burgess urban land use model,
and Christall er 0 $SeneralyhwhenadCA mqdélsaareappliedhte wrbary .
studes, theybecomeurban cellular automata modgld CAMs). UCAMSs are built on the
principle of fractal geometry and avery useful in modelling variety of complex, dynamic,
sociceconomic and environmental phenomena in urban sysiEmese are generally three
types ofUCAMSs. The firstare those thaest ideas and assumptions related to urban theories
(see Batty et al. 1999; Couclelis 1997; Webster and Wu 1999; Wu 2000). The seeond
those thaattempt thesimulaton of real cities Batty andXie 1994, Clark and Gaydos 1994
The third are those that use cellular automata techniquievtelop normative planning
models to simulate different urbatenaris based orspecific planning objectives (Li and
Yeh 2000, Ward et al. 2000, Yehdahi 2001).

The capacityof cellular automataechniquefor modelling complexity inurban growth had

been emphasized in the literatufgee Anthonia 2007; Batty,1997a, 1998,and 1999;

Demirel and Cetin2010;Torrens 2000and Tor r e ns , 2000 Res@aérchesihadi v a n
shown that ellular automatatechniquecould be combinedvith multi-agent methodsto
modelspatial and temporal complexity urban growtthased on the idea eélf-organization

(Li and Yeh, 2002).Similarly, cellular automata technig could also be used istudyng

urban evolution (&hweitzerand Steinbrink, 1998Haken and Portugali, 1993Batty (1998)

argued thabased on theoncept of setbrganizel criticality, cellular autonata technique can

be used to explain themporalurban development pattern

Unlike most conventional urban models that focus more or less on the spatial patterns of
urban growthgcellular automatéased model@CA-Models)pay more attention to simulating

the dynamic process of urban development andefihing the factors or rules driving the
development by applying different transition rules. Improvement irb@ged modelbas led

to the development dluzzy constrainedCA-Modek of urban developmenf fuzzy logic
controlled cellular automata model mfban development attempt to simulate the complexity

in urban systems behaviour through transition rules based on fuzzy set theory (Liu and Phinn
2003; Wu 198; White and Engelen 1993). Urban developmien& product ofphysical
constraints antitumandecisiors that arebothuncertain and fuzzy in naturehd& applications

of the fuzzy set theory and fuzzy logic contvabuld helpin defining the rulesontrolling
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urban developments and provideeeper understanding of the nature of an urban system.
number of studies on the application of fuzzy set and fuzzy logic in cellular autbasdd
urban modelling carbe identified in the literature,etv among them are; Mandelas,
Hatzichristos, and Prastaca®007); Dragicevic 2004; Liu and Phinn(2003 and Wu
(1998h, following the pioneering attempt by Wu (1996).

A major research problem ithe study ofurban growthis how to quantify urban growth
patterns and processeGurrently, this problem is by addressed, through body of
techniqueduilt on data and methods in remote sensing and Kal&ynaslandscape metrics
or spatial metrics (Herold, Liu, and Clarke, 200Spatial metrics are quantitative indices
calculated using categorical, patchased models of the landscapeThey are built on
information theoretic measuregShannon and Weavet949 and1964) and the fractal
geometry (Mandelbrot 1983, Goodchild and Mark 1987, De @othLam 1993, Xiaand
Clarke 1997).Becauseltey areobtainedthroughthe digitalprocessing anahterpretationof
thematiecategoricalraster data (mapghat are spatialy heterogeneus in resolution and
scale(Herold, et al., 2005)they are very useful in describinige patternand dynamic®f a

| andscape OO0 Matartigale2015)al . 198 8;

Several studies had applied spatial metrics to the study of landscape. For ekacipknd

Wu (200Q examinedthe pattern ofthe urban landscapm the Phoenix metropolitan region,
Arizona, the USA using gradient analysis and landscape metridsey demonstrated that
urban growth patteroould be measureand analysedisinglandscapemetrics.Herold and
Menz (2000)employedlandscape metrick quantitativdy measureand describestructural
changesin urban land usef Santa Barbara, CA regiotderold, Liu and Clarke (2003)
evaluated the use téxture measurements and spatial metrics as quantitative discriminators
of urban spatial characteristics for the mapping of urban land Us&g) a mos& of seven
multispectral IKONOS images thabmpletly coverthe urban aresof Santa Barbara South
Coast Region o€alifornia suggested that the regibased method exploiting spatial metrics
and texture measurements is a potential new avenue to extract detailed urbaseland

information fromhigh-resoldion multi-temporal satellite data

Zamyatin and Cabral (201¥xploredthe effectiveness of the combined use @flalar
automata (CA) modelling anddvancedspatial metrican analysing the dynamics of land

use/land coverThey found that modelling with spatial metricsroduced a better model
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performance when compared ttee others. &ieknar (2016using spatial metrics and multi
temporal datattempted an analysis of the extent and ratin@frowth of Gulbarga city in
India. He found that urban growth isccurringin a patchy and fragmented way in Gulbarga

city.

Analysng the spatial and temporal urban growtdttprrs in Greater Cairo Region (GCR),
Megahed, et al., (2015)omputed eight spatiahetricsand foundan occurrence oflense
urbanization, as well as ghisrsed and fragmented landscape du¢hé&oindividual urban
establishment in the GCRamachandra et.a2012) investigated trends in urban land use
changes in Mysorea rapidly urbanizing traditional region of Karnatakagia. Combining
spatial metrics withthe methodof gradient analysjsthey found acoalescence of urban
patches resulting inclumped growth at the cewetand dispersed growth in the boundary
region witha complex patternUsing Urban Atlas (a datas#iat provides information on
land use for all cities in Europe) Prastacos, Chrysoulakis and Kochilakis (2012) estimated
various landscape metric indicators for several cities in Graetdound thaspatial metrics
provide an adequate comparison of theustture andhe form of the cities studied. Others
who have used spatial metrics in studying urban growth patterns and pr@aresSesgupta
Kumar, and Ramachandi@010) Bekalo (2009) Oduro, Ocloo and Peprah (2014ihd
Kabba and Li (2011)

Modelling the patterns andlynamicalprocesses of urban growttasbecome a important
research agenda farbansystemsanalysis in recent timd&his is because urban growth and
decline are spatially conditioned processes that operate at different temporalaschles
resolutions. There are twomajor approaches tdhe spatial modelling of pattesnand
processesf urban growthfirst, there is prescriptive modelling of urbgrowth thataimed at

the determination of the optimum lande patterns that satisfies a set of goals and objectives
(Braimoh and Onishi, 2007). This approach is builtlesutility -maximizationfunction that
does not always appkto human socio and economic pro@ssSecondthere is descriptive
modelling that aimed at the simulation of current and -figtare urban landise patterns
(Braimoh and Onishi, 2007Rescriptive modelling approach focuses on the complex nature
of the urban landscapdt explainshow theinteraction between different agents brings about
theemergent pattern
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Under descriptive modellingpproachiwo essential modelling techniques can be identified,;
first, there is the spatial/statistical regressi@sed modelling and the second is the modelling
technique based on deterministic/probabilistic transition rules. The latter is relatively very
recent and relies on Markov chain and/or stochastic cellular awinrpahaples (Zhou and
Liebhold 1995)The spatial/statistical regression approach triekdgestablished relationship
between a wide range of predictive variables and the probabilitidse dfansition ofthe
urban area (or a cell) from a nanban category to an urban category to enable a quantitative
description of typical urban growth patterns. The approach involved generation of multi
temporal lanecover maps, multivariate modelling dfivers of land covechangeandthe
prediction of land covertransition The capacity of thisapproach in modelling and
understanding urban growth pattern and procebkassbeen emphasized tine literature
Given its flexibility, it has beethe most widely used in land uskange modelling.

Wilson et al. (2003) identified, described and modelled diffecategories of urban growth.
Three specific categories of urban growtbluding; infill, expansion, and outlying growth
were identified to characterise urban growth patein finfill growtho wasdescribedas a
condition whereat least forty peicent (40%) othe existing developed pixels encompassed
pixel that transformedrom nondevelopedo a developed statdn this casgurban land cover
surrounds the development otmall tract of landFor examplethe development of vacant
land within a buitup area is an example ah infill growth. fiExpansion growth occurs
whena pixel transformed from nedeveloped to a developsthteandis encompassed by no
more tharforty percent (40%)of the existing developed pixel$n this case, existing urban
patches are being extended particularly along the metropolitan f@ugging growth occurs
when development moves to the outer regions of an existing develope@uaiigang growth
comes in different forms. It may ksn isolatedgrowth, linear branchor clustered branch
type ofgrowth ceeWilson et al., 2003or detailg.

In an attempt at nasuring urban sprawl a negative form of urban growth, Galster et al.
(2001) offered eight conceptually distindhe objective dimension of land use that can be
used in measuring urban growth patterns. These include;
i.  Density This describs the average number of residential units per square mile of
developable land
ii.  Continuity Expresseshie degree to which developable land has been built upon at

urban densities in an unbroken fashion.
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iii. Concentration Describs the degree to which development isocated
disproportionately in relatively few square miles of the total urbanised area
iv.  Clustering lllustrates he degree to which development has been tightly bunched to
minimize the amount of land in each square mile of developable land occupied by
residential or nomesidential uses.
v. Centrality This is he degree to which residential or A@sidential development (or
both) is located close to the central busirdéssict (CBD).
vi.  Nuclearity Describes thextent to whichthe pattern of development a particular
urban area is monocentric or polycentric in nature.
vii.  Mixed usesThe degree to which two different land uses commonly exist within the
same small area, and this is common across urbanised area
viii.  Proximity- The degreeof the nearness oflifferent land uses to each oth&tross

urbanised areas

Using spatial regression method to model urban growth pro¢é$sesd Lo (2007) found

that despite logistic regressidd s | ack of t e mp or adpatialyexmiamni c s , t
and suitable fothe analysis omulti-scaledata. Deeper understanding and adequate insight

into the workingsof urban growthprocesses may be gained using logistic regression.
Corroborating Hu and Lo (2007Nong and Qingyun (2011) appligldgistic regression

methodto model urban growth in the Jiayu county of Hubei province, China and show that

thelogistic regression mode suitable for urban growth modelling

Studying urban growth pattern in Africdermeiren, et al., (20)2examinedthe urban
growth of Kampala, ganda Using LANDSAT images of 1989, 1995, 2003 and 2010 they
mappedthe urban growth of Uganda and developedpatially explicitlogistic regression
model to analyse thepatern and scenario development Kampala. Building three
alternative scenarios for future urban growathKampala by203Q they showed that the
alternative policy optionsn the urban growth of Kampaleould result in contrasting future
urban sprawl patterns with a significant impact on the local qudliifeoLinard, Tatem and
Gilbert (2013) used boosted regression tree models (BRTMs) to rntwelpattern of urban
growth in African cities.Mohammady and Delavar (2014) used the Logistic Regression
method to model urban expansion pattern in Tehran Mdisograd found thatlistance to the
residential areas was th&gnificant variable influencing urban development in Tehran

Mundia and Murayama (2010) usitige CA-Markov chain modelling techque, modelled
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the spatial processesf urban growth in Nairobi City. They found thiie CA-Markov chain

modellingtechnique is suitable for spatmnporalmodelling of processes of urban growth.

Braimoh and Onishi (200 8xamined the spatial factors influencing urban land use change in
the city of Lagos, Nigeriaging multi-temporal satellite data arainary logistic regression
They found thathanges inand useverefunctiors of spatially explicit independenariables

that include accessibility, neighbehood interactions and spatial polidgowever, Barredo

and Demicheli (2003hinted thatrural to urban migration is the major factor influencing the
monumentalincrease in population and the buijp area of the Lagos city. Thapa and
Murayama (2010) examined the driving factors of urban growth in Kathmandu Valley using
the analytic hierarchy procesdmong several factors considergmhpulation growth in the
fringe, economic opportunitiea t t h e and the/pdldicaboraditiomsin the rural areas
were discovered to béhe most significant factors influencing urban growfthese factors
were used to developrapresentative modéb illustrate and explain theverall association

betweerdrivers oftheurban growth procesa Kathmandu Valley.

Similarly, Aguayo et al. (2007) investigatéie driversof urban growth patterns in the Mid
Cities of Los Angeles, ChildJsing multi-temporalsatelliteimages,they developedeveral
sets of modelso characteris¢he changing pattern of lange They found thatensityof the
urban road systendistance to access roadise densityof urbanized area at xiaus scales
and soiltypes wereimportant predictors of the urban growth pattéFheir researcteffort
showed that combining spatial mdlifeg tools and Gl$rovidesa goodundersanding ofthe

urban growttpatterns that could helprban planning and management

Studying the growth pattern dVashington, D.C.area in the US, Masek, Lindsay and
Gowad (2000) using Landsat data, relate satetleeved estimates of urban growth to
economic and demographic drivers. Thégund that the buitup area surrounding
Washington DC hee expanded considerably, with notably higher growth during the late
1980s. Relating satellitederived estimates witlkeensusdatg they found thatthe plysical
growth of the urban plawbservable fronthe spacecould be reasonably correlated with

regional and national economic patterns.

Eniolorunda and Dankani (20)Lattempted a assessment of urban growth pattern in Sokoto

metropolis in Nigeria using muitemporal satellite datalhey showed that thgrowth
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paternof Sokoto metropolisollows a sporadic patterand that the city may double its 2005
size by the year 2020opez et al. (2001¢xamined thg@rocessesf land use antand cover
transition inMorelia, Mexico (196€2000)from aerial photographdJsingthe combination of
Markov chain and regression methods, they found that theeesignificant relationship
betwesn urban growthlandscape change and populatgyowth. Migration from rural areas
following the drop in prices of agricultural produce was found to be the primary cause of

urban expansion.

Evidentfrom theforegoingis thatsignificant improvements have been madéhe aspecs of
measuring and understanditige growth and the spatial structureof the city. In addition,
significant attempts have also been madenaidelling urban gwth and its associated
drivers. Fbwever,it is obviousthat researches havecused more on the urbanhorizontal
growth dynamics and discussionfargely basedon the experienseof cities in developed
countries of the worldThe review hadalsoshown that theapplication of complexity theory

to the understandingof the spatiotemporal patterns and processésurban growthis
relatively new.lts applications to the study of growth patterns and processes in the cities of

less developed countries diraited, particularly inAfrica.

Three critical issues requiring research attention had been identified by the rEwsws

the understanding, analysiad modellingof urban growth patterns and processesities of
less developedountries froma complex systems perspectiwsingthe nonlinear method
This, if achieved, willbe an important contribution to the body of literature on urban
researchSecondthe review showdthe paucityof research othethird dimension of growth

in the city. The knowledge of the dynamics of urbaertical growth is limited. Hencenis
research holds the view thatvestigating the dynamics of urban vertical growth is a new
frontier in urban geographicaleseach that worth exploration.Lastly, the possibility and
adequacy of combining tirrdependendata withsociceconomicdatain modelling urban
growth are worth examimg. This will opena new horizon of understandingf urban
dynamics and move urban research away from relying solely on theoretical abstraction and
hypothesis with nospatal statistical dataGiven thisbackdrop anaouple witha number of
issues raised in the background to the study la@desearch probleragection2.4 presentthe
hypotheses of the researchhese hypotheses beardirect relationship withthe research

objectives stated in section 1.3
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2.4  Research Hypotheses

Based on the research problem and ¢heice of conceptudrameworks,sevenresearch
hypotheses were postulated to explain and mtdetdynamics of urban growth in Lagos
Island.Theyare stated as follows;

1. There is no significant spatemporal variation in the spatial expansion of Lagos
Island.

2. The mttern of urban growth is significantly correlated with net population change and
population density.

3. The uban spatial expansion &function of physical variables (distance, building lot
size andbuilding heigh}y and socieeconomic variables (population growth, housing
stock anchousing demand

4. The vertical expansion of builtp space is a function of economisumber of
finance /hsurance companiesand value and rental value), density (population
density), physical (contiguity with water bodies, building lot area) and accessibility
(Average road width) variablés.

5. Thespatial distribution of highiise buildings is significantlyandom.

6. The probability of change in urban growth (spatial expansion) is a function of
physical variables (Contiguity ta water body, distance and building lot size) and
social economic variables (trading activities, net population chémgete of chage
in bothhousing stock antl h e  builtupyaées).

7. The probability of change inthe urban vertical expansion is a function of physical
factors (distance to water bodjesand socieeconomic factors (rental valughe
degree of concentration (buildindensity), land use type, population income and

household size).

Operationalisation of variables for these hypotheses and dakbrations are discussed in
chapter three anotherrelevant section of the thesis.

2.5 Conclusion

In this chapterthe review of theliterature on urban growttheories andémpirical findings
from urban growthresearcthad been undertakeBetails of supportive theories and concepts
upon whichthis research was built and hypothedestedwere explained. Principallythe

review of relevant literature showed that cities can be best understoodafcomplexity
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theory perspective and that complexity theory offarsinnovative approach to urban
planning. The applications afomplexity theory to the analysis and modelling usban
growth were examined Consequentlycomplexity theory was explained as a new gaya
for urban growth analysis, and research hypotheses were devélbpégichnique®f testing
and analysing these hypotheses were discussed in the next chdyptdrfocusedon the

methodology of the research.
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CHAPTER THREE

RESEARCH METHODOLOGY
3.1 Introduction
In the first and second chapter of this thedhs aim, specific objectives and the hypotheses
of this research were statetihe @nceptual framework that formed the foundation upon
which this research was buitasdiscussed and relevant literature reviewadhis, chapter
methodologies employed oollecting, processinganalysng, andpresentingdatato achieve
the aim and objectives of the reseawetre discussedMethods and techniques, by which
research hypotheses were testedamalysedverediscussedSignificantly,the chapter gives
the cefails of the daabase for the researcthe calibration of variables, ethod of data
collection sampe size, sampling procedurthe processs of questionnaire administration,

andvarioustechniques of analysis.

3.2 Research Method Designand Data

3.2.1 The database for the study

Since urban growth involvgmpulation and structurahangesn urban areas very detailed
datdbase consistingf both primary and secondadatathat capturehesetwo aspectds
required. It isbelieved thasincepatterrs andprocesssof urban growth (both horizontal and
vertical) can be significantly explained by specific physical and semdmomic variables,
extensive spatial datets and socieconomic datat aggregate and disaggregkeels are
indispensableThis will enable the creation of a comprehensive spatial database from the
integration ofup-to-date information fromsatellite imagerywith demayraphic and socie
economic data which hithertbad beemrarely employed in social sciences research timil
recenttimes.Satelliteimageries aerial photographs, topographical mapd land use data are
some spatial data sets used. S@xonomic data for the research include data on land value,

rental value, income, household size etc.

3.2.2 Primary Sourcesof Data

The primary sources of datar the researcinclude questionnaire administration, interview,
personal observational study, focus group discussion, field measutramd remote sensing
data. Questionnaire surveywereconducted in the nineteen kda that made up the study

area.
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3.2.2.1 Questionnaire Surveys

Questionnaire surveys were carried outhie study arean fieldwork activitiesthat spanned
six months The surveysuseal two questionnaires (see Appendix | and Il) abtain
information on urban residents, urban growth gaadors that drive pattesrand processsof
urban growth in Lagos Island. Thefirst questionnairewas designed taapturedetaikd
information on urban househsldrom household headd$t was divided intofour sections.
Section one provided general information on urban household compositiatrticularly
information onfamily systens and structurevere sought forSection two focusedn the
nature andytpe of house in the study ardaformation obtained irthis regardare partly
observational data aridcludes; building typegeometry (hight, plot area, distance to iba
etc.)andage Others ar@lot size, land price, blging use, number of floorspoms occupie
by household, rent per montinfrastructue in the building among many others.

The third section dealt witthe issue ofthe quality of the environment angban growth

urban life and health. Using a devised Likigqte scalgLikert, Rensis,1932) respondents

were asked to rank the impact wfban growth This was done to determine the effect of
urban growth orconsumption of land area, loss of wetland, loss of soil permeability, loss of
biodiversity, impairment of small watershed, high noise level, air pollution, traffic
congestion, publicransport network, social economic division, social interaction, quality
neighbourhood, sand filling for building anthanging pattern of land us&ection four

pr obed r epsrgeptiaondfribah grawth and future planning measdomeshearea. A

Likert scale wasalso developed to investigatihe effect of urban growth on thlkousing
quality, the need to develop long term integrated plans to promote sustainable urban growth,
theinvolvement of publieprivate partnership in urban growth managementthacheed for
coordination between various levels of government in achieving sustainable urban renewal

and growth.

The second questionnaire was usedhmsurney of a high-rise building (a building that is

about 75 feet (23 metersabove the ground or hamg a minimum of seven storeys. See
section 3.2.2.3 for detailslt was aimed at takingpsne observational data and other valuable
information on urban verticagrowth. Urbanvertical growth concerns upward expansion in

urban areas. The principal targets here are owners, building users/tenants, estate/property
managers, developers, real estate property management agencies and property management

office of corporations, government mstriesetc. Section one of the questionnaire sought fo
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general information on highse building including type of higkrise building (whether it is
a proposed or an existindevelopmerjt location of the building, factors influencing the
choice of the location, age of the building, number of floors in libigding, structure
displaced by the building, building ownersleiz.

Section two focused on rent mgh-rise buildings. Questiondan this section weréraftedto
investigate the relationship between land use type and rent structure. Monthly rent per room,
flat, floor and office complexes was sought for to understand rent dynamics and differentials
in a high-rise building. Information onthe average population pefloor, the number of
families per floor, number of perssrper room ad floor area was also obtainefection

three dealt with facilities ira high-rise building. Section four dealt with various activities
occupying space in theigh-rise building. It saight information on percentagecupiable
space (used space) and vanity height {ooccupiablespace) to understand the dynamics of
space use imigh-rise buildings. In addition, information on the average travel time from
ground level to the middle floor anlde upper floor was sought to determine the efficiency of
vertical transportation withia high-rise structure.Similarly, information on accessibility to
various high-rise buildings with other transport services; private car, public transport and
train wereobtained together witthe cost of maintaimg the building. The last section dealt

wi t h r es p o n dsdonhigb-bse bpildiegfaedrevimoansental conditiomsthin the

buildings

3.2.2.2 Personal Interviews and Observational study

Personal interviews and observational study were conducted to compliméousehold
survey. Selected individual heads of household were interviewed on issues rangitigefrom
history of the area under study to factors influencing its growth both horizontally and
vertically. Direct observation was equally used to study and record information on land use
type, economic activities and functional areas within the study area, housingsiypiesand
spatial interaction and special landmarks that provided information about the study area.

3.2.2.3 Field Measurement

Since one of the principal objectives of this study is to examine urban vertical dimension,
direct field measurement was carried out to deternthree height of buildings most
especially high-rise buildings.Definition of highrise or tall building variescross countries.

For examplethe German regulation defined tall buildgws buildirgs higher than 22meters
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(72ft) with rooms for the permanent accommodations of people (Ross, Z0@IASHRAE
(American Saciety of Heating, Refrigerating and A@onditioning Engineers) Technical
Committee for Tall Buildings definetall buildings as buildings higher than 91m (330ft)
(Ellis and Torcellinj 20(5). The Emporis Standard Committee defines a-nigé building as

a multistorey structure between-3®0 meters tall, or building of unknown heighdrir 12

39 floors (ESC 2011), skyscraper, (a mulitorey building whose architectural height is at
least 100 meter¢ESC 2011), towers (extremely high building fbabitation and non
habitation purposes). The International Building Code specified that tall buildings are
buildings having occupied floors located more than 22,860 mm (75 feet) above the lowest
level of fire department vehicle access (IBC, 2003)e Tsra&li Planning and Building Act
1965definesahighr i se as fa building exceeding 27 mel
is equivalent to a building of 10 stories or more.

Forthe purpose of this researdhe cutoff point fortall buildinghigh-rise buildings isseven

stores. If stated in terms of linear height (feet or meteashighrise structuren respect of

the study areas considered to be one that extends higher than the maximum reach of
available firefighting equipment. In absoluteumbers, this has been set variously between

75 feet (23 met er s) orabou seden td terf soeaepefddh@donthet er s )
slabto-slab distance between flodiksnoke, 2006) The Council for Tall Building and Urban

Habitat CTBUH standaradvas adopted in estimating building height for each category of
buildings an Lagos IslandThe huildings, having severstoreysand above are classified as

high-rise

Other measurements taken directly on the fieldthegdistance between buildisg@nd major
highways and betweethe building and access roadBhesewere measured using 50 metres
long steelsynthetic measuring tape. Assaccupied by buildings, plot size and average street
width in each ward ere determined by direct measuremeMeasirements in respect of
buildings that are not accessibiere estimated, while proximity to the city centaedof a
particularspatial unit (ward) to other featwe.g. water bodiesere determined in GIS using
ArcGIS. The lousing stock in differenspatial wards that made up the study area was
obtained through satelliteounts, this was complemented by field visit and secondary data

sourced from government publications.
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3.2.24 Sampling and Sample size

Samples used for the research were drawn from the combinatioarafusehold population,
thenumber of electoral areas atie number of housing unit§he 2006 National Population
Commission census provided data ke number of housing units by typesicaregular
household in Lagoslsland. The number of housing units provided by NPC was
complemented by satellite counts of houses, field visits and personal survey to arrive at the

number of houses in various wards of Lagos Island.

A preliminary investigabn revealed that houses and househald the study area vary
significantly in their composition. The local governmeméahad a population of 165,996
inhabitants in 1991. It increased to 209,437 in 2006sisting of 108, 057 males and 101,
380 femalesindicating about 26% increase in growth. There are about 47, 447 household
occupying about &17 houses.To determine the sample size, several criteria were
considered. Applying ten per cent (10%) sampling rulewould mean interviewing about
4,745 heads of households in ab8li8 housesGive the time constraint, this is not feasible.

If Bruton (1975)rule of thumbof 1% for a population under 50,000 is applied sample of
475heads of householdgould be needed hat will bea non-probability method and subject

to high error(s)Therefore, detter method that minimizes error margin is therefore needed to

arrive atafairly representative sampté the population of interest.

To achieve a representative sampiehe population of interestNeumann (2014), propode

two methods The firstis the probability method, which he referredtdas e figol d st an
for representative samplg®Neumann, 2014)With a probability sampling strategy, an

accurate representativsample that has mathematically predictable errors (i.e., precisely
known chanced4 ao iranthé fakerg (Nauroanrf, 2014he method involves

making an assumption about ghpopulation of interest and usirsgatistical equations to
determine the dege of confidence (omargin oferrors)that is acceptae and in variance

with the population.Though themethodis complex however it is reliable The second

method isknown asa nonprobability sampling meth It is less accurateless rigorous

statisticaly and dependedon the rule of thumbThough convenient, the method may be

misleadingandtherebyresultsin atotal misrepresentation tifie entire population.
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Using Neumann (2014) probability method farepresentative sampla,sample based on
95% confidence limit with &-score of 1.96 and a percentage value of 0.5catmargin of

error was selected using equation &bprovided by SurveyMonkey (2019);

Y —88888888888888888888888 8Bcd

Where S is the sample siz&y = population sizeg = the margin of errorQ.03), z is the
confidence level4 score= 1.96at 95% andp is a percentage valued(5). Using equation
3.1, 1,200nheads of households (about 2.53% of the entire householdbput368 houses
(about 5% of the total estimated number of housekagos Islandvas derivedThrough his
method, it was believed thahe level of precision inthe sampling processhad been
improved. In addition, thikely risks of errors that would have been incurred in the sampling

process must have been reduced to about 5%.

The dlocation of the 368 house to spatialwards to select 1,(® heads of households was
done using the mthod of proportional allocation. In proportional allocatidime stratum
sample is selected such that the size of the sample is proportional to the number of units in
each stratum such th@t ) varies directly ag0 ) or (¢ ) varies directly asdd ). If the total

sample that is to be allocated is (n), then the stratum sample is given as;

Where¢ = Stratum sample size (sample size of each ward).
n = Total number of sample to be allocatedhasaries across wards.
0 = Units or stratum of the anticipated population.

N = Observed total population (estimated population of the study area).

Therebre 1,200 healof household were selected proportionally based on the number of

household by ward as presented in table 3.1.
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Table 3.1.Summary of the Sample Size and Questionnaire Administered

S/IN  Ward Area Estimated Total Estimated Number of  Total Number of
Code Population number of Households Household Questionnaire
basedon 2006 houses in in theward Sampled by Retrieved
Census wards ward
1 Al Olowogbowo/Elegbata 9859 607.00 4112 104 102
2 A2 Oluwole 7221 398.00 1349 34 29
3 A3 Idumota/Oke Arin 13904 430.00 2192 55 35
4 Bl Oju- Oto 8655 248.00 1566 40 30
5 B2 Oko-Awo 10960 280.00 1605 41 41
6 B3 Agarawu/Obadina 6299 554.00 2023 51 35
7 C1 Iduntafa 14135 662.00 4014 102 67
8 C2 llupesi 16900 387.00 1715 43 33
9 C3 IsaleAgbede 15492 554.00 2705 68 60
10 D1 Olosun 11139 152.00 851 22 22
11 D2 Olushi/Kakawa 3841 130.00 667 17 17
12 D3 PopeAguda 3278 458.00 1709 43 31
13 El Anikantamo 3073 122.00 760 19 19
14 E2 Oko Faji 23993 284.00 1574 40 40
15 E3 Eiyekole 17617 690.00 6914 175 150
16 F1 Onikan 11677 437.00 2076 53 43
17 F2 Sandgrouse 14135 340.00 1560 39 39
18 Gl Epetedo 10140 939.00 7513 190 160
19 G2 Lafiaji/EbuteElefun 7119 545.00 2542 64 52
Total 209437 8217.00 47447 1200 1005

Source: Fieldvork 2013/2014



The second survey was enumeratioof all high-rise buildingsAs earlier stated, laigh rise
building is taken to be a building greater than 75 feetn23n height where the building
height is measured from the lowestédé of fire department vehicle access to the floor of the
highest occupiable story (Moore, 200#).Lagos Island, averageor height was found to
be 3.5 metres, implying that high-rise building would have a minimum eéven (¥ floors.

A preliminary investigation indicated that theneereabout 100 highrise building in Lagos
Island A total survey of the entire buildings was considered, however, &dopercent of

thequestionnaire administerexh the buildings waszcovered

The selection of thepatial unit ofdata collectioris a key issue in urban studigalvati and
Carlucci,2014). As observed by Garcia and Ri€2903, Muiiiz, Galindo, and Angel Garcia,
(2003 and Tsai (2005), upntitative researghusually relies on administrative bounchei
oftenused as the denominator fand use and socidemographi@nalysis. Although it is an
arbitraryspatial unit wih regard to the urban landscape, however, it provides a detailed and
meaningful unit of analysifor both statistical and planningurposes Since this research
focused on household heads for all semtonomic data, the choice of household heads was
done at the household level. However, for spatial dadétical ward andcell (patch)in

satellite imagesvere the lowest units at wdh data was collected

The administration of the two questionnaires was achieved with the help of colleagues and
about ten field assistants in fieldwork that spanned about six months. Systematic sampling
technique was employed iheselection of housingnits and target respondeifizsed on the
identification of major lanes, streets and roads in each Wdrd.sampling interval was
determined using equation 3.3 given as;

O —-eééeééeéeecéeeéeeéeecéeeceéeeée. (3.83)

Where,| = sampling intervalN = total population of interest and= the sample size. The
sampling interval for household heads was tand for houses/buildings ¢ ¢ The selection
of the first house and household head was done randomly, such thatiwlereandom
starting point the other membersf the sample are selectedby "®) ¢@ oCetc. on
either side of the specific street where samples were being ¥akemeverthe male head of

the household was not around, the wife was interviewed;whisbased on the assumption
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that the wife can assume the position of the head of household in the absence of male head or

on occasion of death.

3.2.25 Remote Sensing/Satellite Data

The ability of the mdern remote sensing technologiesontinuously acqued datawith a
synoptic viewand present such in digital formatamenablefor computer processing has
made it possible to achieve accurate urban growth anaRsisnotely sensed imagerjes
including; Advanced Very HigkResolution Radiometer (AVHRR),andsatimagery data
from Thematic Mapper (TMand Enhanced Thematic Mapper (ETM+ sensi¥§NOS,
RADAR and SPOT EGatellite Probatoirel 6 Ob s er v at i)oaremangrimaradataer r e
sourcedor change detectioanalysisand urban growth monitoring ingent timesChange
detectionis the application ofemotdy sengddataset®f different time scalet observe and
analy® different time states dhe phenomenonlt involves differentiatingthe state ofan
objector aphenomenomt different dateshrough careful and systematibservation(Singh,
1989).

For the purpose of this researcandsat TM of 184, Landsat ETM+ 2000, and 20%&re

the basic multtemporal datasetshtained Earth Science Data Interface (ESDI) hosted by the
University of Maryland, USAprovided the datasets freeBKONOS 2013 image and Google

Earth imageriesvere obtained to complement the Landsat.datzogle Earth satellite data

are available in a free veos or in licensed versions for commercial ustany large cities
including Lagosare available iraresolutionhigh enoughto see individual buildings, houses,

and even cars. The degree of resolution available is based somewhat on the points of interest,
but most places are availalaleleast at 15 metressolution That seemseasonable for some

level of urban growth analysis. Table 3.2 shothke detail characteristics othe selected

satellite sensoof dataused in this research

Due to the problem aoflata availability, urban growth analysis in this research was divided
into two epochs; 1982000 and 200015, indicating a period of thidgne years. Remote
sensing data obtained were used to analyze and deteimiegtent of urban growth and to
monitor changes that have taken place over the years. Variables such as distance to water
bodies, CBD (modern), major highwsgnd major access roads were extracted from satellite
imageries by calculating the Euclidean distance from ward centroids toespective

features.
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Table 3.2.Characteristics of selected satellite sensor

Data Product Provider Spatial Resolution Swath Width Operation  Specific year Spectral
(m) (Km) period Coverage (Lm)
TM (Landsat 4,5) NASA, USA 30 (MS) 120 (TIR) 185 Since 1982 1984 0.452.35
Landsat 7 ETM+ NASA/USGS 15(PAN) 30(MS) 183 Since April 2000, 2006 & 0.45Q0 2.35,
60(TIR) 15, 1999 2011 10.4'12.5
Landsat BETM+ NASA/USGS 15 m 100 m 185 Since 2013 & 2015 B1:0.433
February 12.5um
11, 2013
IKONOS Geoeye/Digital PANO.821m (32 Nadir 11.3km) Since 1999 1999-2015  11-bits per pixel
Globe 39in); MS: 3.24 Off-Nadir (13.8

m (130 160 in) km at 26)

NB: ETM+, Enhanced Thematic Mapper plus; MS, Mdpectral; MSS, MultSpectral Scanner; NIR, Near Infrared; PAN, Panchromatic and
TIR, Thermal Infrared.

Source: Rogan and Chen, 2004 and/ikipedia
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The height of each location above the sea level and location data (x and y coordinate values)
of all buildings were obtained using Garmin GRXie tothe unavailability of aerial photos

of the study area, cartographic sources, including 1885 and 1964 maps and political ward
map sourced from the local government and Federal Survey Department served as the base
data sources. All these maps were processed and transformed to a suitable digitdbforma

the purposes intended.

Because of differences in coordinatdse tandsat images obtained could not be overlaid to
evaluateurban growth hence, alimageswere transformed from geographic coordinates to
UTM coordinatesWGS84, Zone 3lsing the ArcMip 10.3 software. Thextent ofspatial

growth in thestudy areawas obtained by clipping out the study area by year from all the
satellite data,using headsip digitizing methodsin the ArcGIS software.The images
obtained were classified with the helpENXVI (rasterbased GIS software) using supervised
classification method. Overlay operations in GIS were performed orditiezed and
classified maps to undertake change detection analysis and to determine the spatial and
temporalchanges irurbangrowth between1984 and 2015. IKONOS 2013 higbsolution

image and data from Google Earth were used for the 3D city modelling of the urban
landscape. Other data sources used in this research, particularly secondary sources were

discussed in the next section.

3.3  Secondary data sources

The decennial censuand otherhousing data natinely collected by governmeragencies
were the principal sources oécndary data used in this researfébpulation housing and
amenities data were obtained frd®91 and2006censises. Total amber of educationand
healthfacilities, banks, hotels, marlksetrecreational parks, plan of properties processed etc.,
were obtained from the publications different government ministries and agencies.
Administrative and land use mawere obtained from the City Engineer Department, Lagos
Island Local Government and the Lagos State Urban Development Planning Department.
Plan of the town of Lagos West Coast of Africa with a scale of 1:100 feet prepared in
December 1885 and corrected June 1887 was obtained from Federal Survey, Lagos.
Similarly, topographical map of Lagos @nscale 1:25,000 anal cadastral mapf Lagos

Island at a scale of 1.5, 000 were also obtained from Federal Survey, Lagos Nigeria.
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Data on urban residential déiys government reservation area, government acquisition area
for barracks, commercial and other purposes, Institutional area, recreational area, industrial
area, open space etc., were obtained from Lagos State Urbarofdeenat Planning
Department and Lag GIS Departmentinternet website, technical reports, magazine,
academic journals and other periodic publicatiof Lagos State that contain historical
development of Lagos Island Local Government provided rich information that are helpful
for the analgis of the function and services that contribute in one way or the oth#reto
economic prosperity, population growth and spatial expansion of Lagos Island.

The next sectiodliscusseshe measurement of variables used in this resedsgthniques of
analysis used in testing research hypotheses, methods used in measuring complexity in urban
growth and technique of modelling the vertical landscape of the built environment of Lagos

Island weraalsodiscussed.

3.4  Measurement of variables and techniquesf analysis

3.4.1 Measurement of variables

Operationakation of variablesconcerns representation of variables an objectively
measurable formThis is afundamental step towardbke evaluation of research aim and
objectives It is also important for a successful test of research hypothesésen this
backdropthevariablesused in this research arategorized into;

i.  Urban growth variables- These includethe number ofbuilt-up pixels, buikup area
by wards the ared extent of spatial unitévards) and rate of change theurban land
area, among many others.

ii.  Housing/Building variables- Including the number of houses by wards, housing
type, age, height, density and rettt.also include the annual rate of change in
housing stock by ward and averdgesize.

iii.  Distance variablesEuclideandistanceto CBD (the CBD was the area designated as
Lagos Island Central Business District by the Lagos State governmentaréae
extends from the foot of &ter Bridge westwards, through Adeniji Adele Road to
inner and outeMarinag Tafawa Balewa Square, back to Broad Street, Tinubu Square,
Nnamdi Azikiwe Street, Idumota and to Carter Bridg®©ther distancevariable
considered includedistance tanajor highwayg, access road and water bodies.

iv.  Transport variables Road density, sum length of all roads, number of access roads,

road width etc.
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v. Land variables- Land rent/value,
i.  Environmental variables- height above sea level and proximity to water bodies.
vi.  Planning/policy variablesNumber of properties processddr land use charge,
number of building plan approveldnd use type

vii.  Socioeconomic variablesHousehold head characteristics includiage, household
size, occupancy ratend average monthly/annual income among many otkers.
mapping and spatial data analyste mean value of relevansocioeconomic
variablesby wardswasused.

viii.  Variables related to economic activitiesNumber employedh formal and informal
sector, number of local marketgtail shops, manufacturing indties, hotels/motés,
restaurants, anstruction and allied companyfjnancial and related industries,
hospitals/maternity/primary health care centres, public schodlsdpyr, secondary
and tertiary) and shopping mail each ward.

ix.  Density variablesPopulationand housinglensiy.

The descriptions and calibration of theseialaleswere discusseth the relevant sections of

the thesis.

3.4.2 Techniques of Analysis
Information obtained from questionnaire surveys, field observation and measurements we

subjected tavariousstatistical techniqueand GIS analysisThese are discussed as follows;

3.4.2.1: Testing research ypotheses

The first hypothesis that statestidaf her e i s no signi ficant spat
the spatial expansion of Lagdslandswas testedusing analysis of variance (ANOVA)

Changes in the arkaxtent ofeach spatial unitmaking up Lagos Island were calculated

using ArcGIS and afterards analysed to determinthe level of variability over time and

space

The test of the second hypothetist statesthat Pattern of urban growth is significantly
correlated with net population change and population dedsis achieved usindgPearson
ProductMoment Correlation modelDetails of the modelvere presented in chaptesix of

thisthesis.
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The third hypothesis seeks to understand exyulain the driving fact@r of the horizontal
dynamics of urbagrowth inLagos IslandTo this endthe hypothesis that states tidatJr b a n
spatial expansion process is a function of physical variables (distance, building lot size and
building height) and socieconomic variables (population growth, ustng stock and

housing demand)wasalsotested usinghe spatial regression method (spatial lag madel)

The fourthhypothesis seeki® examine the factors influencing the vertical growth of urban

areas. To do this the hypothesis that stateséheith e v er t i c al-upspage&sms i on
function of economicNumber of finance/lnsurance companiesd value and rental value),

density (population density), physical (contiguity with water bodies, building lot area) and
accessibility (Aver waedestad wsanthe standdd oldiparyMeast i ab | e
square regression method in SPSS

The fifth hypothesiseeks to examine the spatial distribution of kigle building and pattern

of height in urban space. This is very fundamental to this research since a major focus of this
researchs to understand the dynamics of vertical growthitef city. The hypothesis that
statedthat) The spatial -diserbbutidongef iwasgdieqni f i c

usingthe Nearest Neighbour Index (NNI) asgatal autocorrelation statiss( Mor a.nds | )

Predictive modelling of théuture horizontal expansion dfagos Island was attempted by

testing the sixth hypothesis usitige binary logistic regressioffhe hypothesis statekat;

O0rhe probability of change in urban growth (spagapansion) is a function of physical

variables (Contiguity to water b distance amh building lot size) and socieconomic

variables ipcluding trading activities, net population chandee rate of chage in housing

stock and in buitup ares).6 Similarly hypothesis seven that states that he pr obabi | i
change in urban vertical expansion is a function of physical factors (distance to water body),

and socieeconomic factors (rental value, degree of concentration (building density), land use
type, popul ati on i nwas teged asng binarg logsstc egresdions i z e )

orderto determinghefuture vertical expansion of Lagos Island.
Critical to this research is the measurement of complexity in urban grpardticularly the

determinationand understandingf the patterrand processes of urban growth. In addition,

the research has the aim ofodelling of the vertical landscap of thecity in a GIS

66



environment.Respectivetechniques employed in achieviradl these were explained in

subsequent sections

3.42.2 Measuring complexity in urban growth

Urban growth and form take on several features of scatimgriance Chen,2010). This

scaling invariance is a major feature thetaracterisedractals Fractalsare examples of
complex systems.They are geometric objects maesting seHsimilarity and fractional
dimensionality. Fractal geometry is used in explaining patterns generbjecdomplex
systems (Batty, 200&nd Batty and Longley, 1994As observedyy Lee De Cola and Sui

Ngan Lam,(1993, fractal dimension indeds useful in determininghe complexity of curves

and surfaces

Urban growth isa dynamicprocess thamanifess selfsimilarity. As a result, processes and

pattern of urban growth can be characterised and determsmegifractal dimensiongBatty,

Fotherigham and.ongley, 1993, Chen, 2010,2012 Tul| ek an d . Mahods gfk a,

computing the fractal dimensia@are many however the most commonlysed methods the

box-counting methodjiven by Barabasi and Stanley, (1995) as;

R | a
O I E—L8888888868888888888888888808

I a

Whered is the length of boxe®) is the fractal dimensioandit corresponds tthe slope of
theplotl T @ & against I @ andd & is the number of boxes needed to completely
cover the structure of intere§the fractal dimension value of urban form basedtwbox-
countingmethod rangefrom D = 0 to D = 2, depending on the measurem centre of the
fractal body.In this researchthe fractal dimension of the city was computesihg Fragstas
software version 4.Zlassified remotelyensed images of the study area werported into
the software to compute the fractal dimensionorder to examine complexity in urban
growthin space and timeér'he description and calibration of tfractal dimensiorindex are

provided in chaptesix of this thesis

3.4.2.3 Quantitative measurement ofpatterns and processesf urban growth
The issue otheidentificationand measurement die pattern angrocesf urbangrowthis

critical to this researchVhile pattern relates tthe spatial configuratioof the landscapes
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(Galster et al2001, Gustafon, 1998Pijanowskia et al2002, processrelatesto the spatial
and temporasequenes of change(Cheng, 208). While a sequence of change in spaca is
spatial procesgemporal process refersttoe sequence of change time. These are different

from socieeconomic processekiving thephysical and functionagrowth of the city

Both process and pattern are iAtelated.The pocess creates and modifide pattern, but
patterrs constrained proces&nderstandinghe processes of urban growtha fundamental
step towards land use modellinly provides adequate working knowledgéout urban
growth forplanning and sustaindity . Hence the combination o& set of spatial metricand
cellular automatdMarkov (CA-Markov) in modelling land use change order to identify
and analyseatterrs and processsof urban growthin Lagos IslandThe CA-Markov chain
modelling technique as employed in mdelling the process of land usdand cover
transitions The technique is a combination of cellular automptanciple and Markov
process A Markov processis a simple discretetime stochasticprocess® in which the
future developmentf statess completely determined by the present state and is independent
of the way in which the present state has develspet that;

T o S IS A L = S AU T Y S S S S S A S S S S S S S S

01 Q@ Q8 &b M o "Beéeeééeeééeeééeéée. (3.4

0 @ QO Beéééeé.eééeééecééeééeéeéééeé (B.5

Equation3.4 is the transition probabilitiefor every@hQ 8 8 8Q and every ndiscrete
timemeans N0  Tiplt8 8.

Cellular Automata consist of a collection afients (cells or pixels in raster data), of an
arbitrary shape, arranged in a glikk structure, interacting dynamically according to some
rules applied at a regular discrete time interval. The cells behawisually inthe binary

stateis determined by the possible combination of stetés neighbarrhood.

In Markov processs the cell under consideration is assumed to be independent of the states
of the neighbouring cells surroundingfeller, 1968) henceproximity, pattern andidection

are not adequately accounted for. In geographesgarchproximity is fundamental in the
analysis of any given spatial system. Because proximity is not well considered in the
traditional Markov chain processes, prediction of spatial systedificailt. Hence there isa

need for a technique that has time series and spatial prediapabilities. Cellular automata
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models are powerful in simulating dynamic systems. The combination of Markov processes
and cellular automata (CA) iaGIS enviroment produce CAMarkov models thatan be

used to simulate spatial and temporal processes. Apart from helping in simulating the spatial
and temporalprocessesthe combination of cellular automata with Markov processes
increased our ability to understaritetcomplex systems of spaces and landscape prediction

with accuracyThis is further expatiated on in the sixth chapter of this thesis.

Spatial metrics aremathematical expesions of patch characteristi¢area, perimeter,
geometry (shapeposition etc.)Patches are the basic dynamic sinitthe landscapand are
based on land covelhey arediscrete, relatively homogeneous aré¢hat differfrom their
surroundings at a particular scal@.hey have a definite shape asgatial configurion.
Spatial metricaare useful irmeasuring landscape characteristics and are usually calculated
using a fixed neighhohood. The specificity ofthe spatial configuration of urban landscape
and processesf urban growth can be captured using spatial metfmsthe purpose of this
research metricsused indescribing and measurirtpe pattern of urban growth incluge
Numberof patches (NP Edge Density (ED) anéractalDimensionindex (FRAC). Others
arethe Largest Patch Index (LPIPatch AreaAREA), Percentage of landscape (PLAND),
Clumpiness Index (CLUMPY)Contagion index (CONTAGRatch densyit (PD) andPatch
Richness (PR)The research also us&ttanro n 6 s D Indexr (SKDI),BimpsonEvenness
Index (SIEI) Total (Class) Area (CA)and Patch cohesion indekCOH) were used to
determinethe urban growth proces§he descriptions and equations for the calculation of
these metricsveregiven by McGarigal (2015) and apeesented in chapter five aagpendix

Il.

3.42.4 Modelling the vertical landscape of the built environment

One of the objectives of this research is to model the vertical landscape of the built
environment in the city. In this research ,3BIS was employed to provide detail
representation and visualization of the complex urban landscapagos IslandA method

employed isa 3D City modellingtechnique. 3D city modelling varieand involved several

steps depending on the level of detail to be included in the mioelet! of Detail (LoD)

definesthe degree of atraction of realvorld objects. It determines tmimberof details of

the realworld objectst o be i ncluded I n t he mo dhe | bas
computdional ability of the available technology and economi@amty. Five levels of

details can be identified in a mu#icale 3D modelling appach. These are; Lo® (a2.5D
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digital terrain modelused asa regional modgl LoD 1 (a block model having no roof
structure}, LoD 2 (a city model having roof structuresith optional textures LoD 3
(commonlyused inthe detaiked architecturaldesignas site modé¢land LoD 4 (the model
used in modelling waklable interior spacgésLoD1 wasadopted as level of detail for this
research LoD1 is a well-known block modelshowing prismatic buildings with flat roof

structures. This level is us@dmodellingthelandscapef Lagos Island

Software used in achieving all analysis stated above includes IBM Statistical Packages for
Social Sciences (SPSS) version 20.0, ArcM8@, Fragstas version 4.0, and IDRISI Land
Change Modeller in TerrSet Geospatial Monitoring and Modelling System. SPSS was used to
run both descriptive and inferential statistical analysis. ArcMap wasinseddelling spatial
relationship and building 3ICity model. Fragstas was used in identifying and analysing
patterns and processes in urban growth and Land Change Modeller in IDRISI was used in
modelling land transition processes and préatictThe foregoing showed that this research

used both qualitate and quantitative approaches in achieving its stated aim and objectives.

3.5 Conclusion

This chaptethadpresented thenethodology otheresearchlt discussedhe database for the
researchand the sources of datacluding primary and secondasources. The primary
sources of data include; questionnaire administration, field observation and measurement and
remote sensing data. Two questionnaire surveys conduassl discussed in this chapter.

The variables used ithe analysisof datawere desdbed and discussed. Similarlgchniques

of analysis employed in analyzing data obtained from the field and in testing hypotheses were
explained.Succeeding chapters were devoted to the analysis of data and discussion of the
results of data analysis. Themmediate chapter following thiattempts an evaluation of
population change and urban growth in Lagos Island. Essentially the chapter dischases
growth in Lagos Island both in space and in tirtteinvestigates changes in ttspatial
structure of thecity from different perspectives to provide a deeper understandinigeof
spatial and temporal changes in the structure of Lagos Iskigdre 3.1 showed the
schematic representation of the research methodology. Among many things, it showed the

interreldionship between each stage of the research.
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Fig. 3.1. Schematic presentation @ghe researchmethodology




CHAPTER FOUR

EVALUATING POPULATION CHANGE AND URBAN GROWTH IN LAGOS ISLAND

4.1  Introduction

So far, regarding its urban spatial and temporal grow#gos Island has not been
systematically studiedrom the geospatial perspectiveather research attention has been
generally focused on the entire metropolitan Ladgos.addition, the evaluation of the
population changenousehold structurand their impacts on urban spatial exgian hae not
been considered in recent tinke this chapter analyss and evaluabn of the urban growth of
Lagos Islandetween 1984 and 201&ere undertakenThe chapter has four broaéctions.
Following the introductionthe second sectioexaminespopulation change, its driving
factors and relationship to urban growth. Section threensiders the structurand
characteristics of househsldn Lagos Island This provides a general undé&anding of
households that madup the populatioof the Islandand provide background information for
the evaluationof its populationgrowth The final section of the chaptattempts aystematic

evaluationof urban growth in Lagos Island

4.2 Population structure and change inLagos Island (19842015)

Thepopulation of Lagos Island is a rapidly growing populatitable 41 showed Intercensal
change inthe population of Lagos Island between 1991 and 2015. Between 1991 and 2006
the population of Lagos Island grew by 43, 441 persons indicatR@f6 increasavith a

mean annual net change of 2896.07 persons. Between 200@04sdthe population
increased by 68,64gersonsndicatinga 33% increase in 9 yeawgith the mean annual net

change of 7627.11 persons.

4.2.1 Age-sex structurein Lagos Island

Information on age and sex distribution is very important in understandirgirtieture and
growth ofthe urban population over period Age and sex structure of a given population is
an indication of its reproductive capabilities atte likelihood of its continuation. It has
implications for future growth, economaevelopment and social policyrends inthe sex
ratio of Lagos Island between 1991 and 2015paesented in table Z.1n 1991,there were

83,276 males and 82, G2emalesindicatinga malefemale ratio of 1.01 males to 1 female.
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Table 4.1.Intercensal change inthe population of Lagos Island (1991 2015)

Population
Census Projection
1991 2006 2015
Total Population 165996 209437 278081
Household Population 29728 47447 62998
Net change (total population)
Period
19912006 20062015

Total Netchange @ -==-mm-- 43441 68644
Mean annualnetchange  ----—---- 2896.07 7627.11
Source: Authordos analysis
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Table 42. Trends in the sex ratio of Lagos Island Population 1992015

Year Total Population % Male %Female Male/Female
1991* 165996 50.2 49.8 1.01
2006* 209437 51.6 48.4 1.1
2007** 887364 53.7 46.3 1.2
2008** 915760 53.7 46.3 1.2
2009** 945064 53.7 46.3 1.2
2010** 975306 53.7 46.3 1.2
2011** 1006516 53.7 46.3 1.2
2012** 1038724 53.7 46.3 1.2
2013** 1071963 53.7 46.3 1.2
2014** 1106266 53.7 46.3 1.2
2015** 1141667 53.7 46.3 1.2

Source Aut horés anal ysi s



By 2006 there were about 108, 057 males and 101, 380 femalespophlation, indicating

a malefemale ratio of 1.1 males to 1 female.

Going by the2006 Lagos state population suryethere were461,830 males and 398,019
females @ Lagos Island, giving aalefemaleratio of 1.2 males to.Q female. Using the
data on ge-Sex characteristics of Lagos Island in 2@k3presented itable 4.3, the agsex
composition in Lagos Island was examined. From the table, there is evidence of increasing
malefemale r&éio from the age group 224 (1.03)to age group 559 (1.43) The highest
ratio wasrecorded in the age group-59. The increasing proportion aflarge number of
male indicates that the population comprises tdrge number of adults, of which great
proportion aremigrants thatmay havebeen attracted by economic advantages available in
Lagos IslandAlso, it is obvious from the table thalgos Islandis made up ofa large
percentage athe active population. About 32 peent of the population &ve children (314

age group). Adults, 159 years representing the working populatiaocount for about 64

percent of the entire population, while those above 60syasr only 4 per cent.

A graphical plot of the data in table 4.3 produdee populaton pyramid of Lagos Island for

the year 201&spresented inifjure 4.1 Among many other things, the pyransidowed the
percentage population of male and femaléhe population of Lagos Island.riveals a near
balance between both sexes in the population. The pyramid shows that afifages 04

were about 13% of the entire population. fPeeroductive age (Age grouplsl) constitute
about 20% of the population in the year 2013. Significartky,yramid shows that the area
has a very sexually active population. The highly active reproductive a8 hiade up
about 50% of the population, with this it is expected that more children will be born into the

population, thereby increasing the ratenafural increase.

Information on birth and death rate, the number of immigrant and ethnicity in the population
of Lagos Island is not available. However, birth dynamics in Lagos Island may be inferred
from the number of pupilsegistered irpublic primay schools Enrollment in public primary
schoolswas reported to have increadag 5.5% in 2010/2011 session, but by 2011/2012, it
jumped to 29.75%. The implication is that the proportion of children in the population is
increasing considerably, indicatiag upward trend in the population growth of Lagos Island.
There is a diverse ethnic nationality in Lagos Island; however, the Yorubas are still the

dominant ethnic nationality in the area.
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Table 43. Age-Sex characteristics of Lagos Island in 2013

Age
0-4
05-09
1014
1519
20-24
2529
30-34
3539
40-44
4549
50-54
5559
60-64
65-69
70-74
7579
80-84
85+
TOTAL

Source: Lagos State Bureau of Statistics, 2012

Population
135484
112680
99124
101802
128490
131784
98365
76910
56143
42249
30825
19166
14455
8436
6189
3290
3282
3290
1071964

%
12.63
10.51
9.24
9.49
11.98
12.29
9.17
7.17
5.23
3.94
2.87
1.78
1.34
0.78
0.57
0.30
0.30
0.30
100

Male
68023
56543
48186
49759
65220
67905
52808
42751
31398
24559
17094
11282

7710

4563

3095

1578

1366

1438

555277

Female
67461
56137
50938
52043
63270
63879
45558
34159
24745
17690
13731
7884
6745
3873
3094
1713
1916
1852
516686

Male/FemaleRatio

1.00
1.00
0.94
0.95
1.03
1.06
1.15
1.25
1.26
1.38
1.24
1.43
1.14
1.17
1.00
0.92
0.71
0.77
1.07
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Population Pyramid of Lagos Island in 2013

E Male mFemale

85+
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34
25-29
20-24
15-19
10-14
05-09

0-4

«Q

15

Population %

Fig. 4.1 Population pyramid of Lagos Island for the year 2013

Source: Authorés analysi s
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4.22 Urban growth and Population changein Lagos Island

Since changef the urban population is an important aspeat urban growth dynamics,
changes in total population v#svis household population, housing stock éimelurban land
area from 1984 t®015 were examined to establisthe associationbetweenchanges in
population andurban spatialexpansion Table 4.4showed changes in totgopulation,
household populatigmpopulation densityurban land area and housing statkagos Island
Between 1984 and 2015 the total population increased by 1#&%pusehold population
increased by 217%, populatidgensityby 90,8%, urban land area by 29%, housing stock by
39% and builup area by 24%. Total net change in population between 1984 and 2000 is 60
014 persons with mean net population change @63 persons, between 2000 and 2015
total net change in theopulationincreased to 104710 persons with mean net population
change of 6981 personsGiven the foregoing, it is very safe to say tlaatpopulation
increass with increasing density anbuilt up area in Lagos Islandprtsequently, there is
continuaus expansion of the land ared.graphical plot of the relationship between total
population and urban land area gives an R2 value of 0.923 emdelation coefficient of R =
0.95, indicating a high positivelationship
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Table 4.4 Total population, household population, housing and urban land area (1982015)

Variables Years % change
1984 2000 2015 19842015

Total Population 113357 173371 278081 145

Household Population 19902 36707 62998 217

Populationdensity 26990 36119 51496 90.8

Housing stock 5927 7021 8217 39

Urban land area (kfh 4.2 4.8 5.4 29

Built-up area (krf) 3.82 4,53 4,73 24

Total net population change ~ -------- 60014 104710

Mean net population change ~  ----—---- 3751 6981

SourceAut hor 6s analysis, 2018



42.3 The driving factors of urban population change in Lagos Island
Population change may be explained by several factors. However, nine variables were
selected fothe purpose of this research basaeddata availability anthe obsenations orthe
sociceconomic conditiors of the population in Lagos IslandThe natural log of et
populationchangebetween 1984 and 201&as obtained and used e dependent variable
(Y). The driving faictorswere aset ofexplanatory variableselected systematically based on
ideas from the literature on population dynesn frameworks of human ecology and
environmental research. The factors @tegorized into;
i. Demographis- Percentage change in the number of bbotd and
ii.  Industrialisatiorémployment in the formal sector Number of manufacturing
companies.

iii.  Urban GrowthDevelopmentBuilt up area in kilomee square.

iv.  Transportation AccessibilityDistance to CBD in kilome¢ andRoad Density and

v. Livability- Average monthly income, Car ownershiprcupancy ratand Net change

in thehousing stock.

The operational definitions ofh¢ variables are presented iable 4.5. The complex
interactions between population change and its driving fadtoréagos Islandwere
determinedby developingan ordinary least square (OLS) multiple regressiodel of the
factors A correlation matrix for the variables was developed to ensure that there is no
multicollinearity (see table 1 Appendix I)Any variable witha correlaton coefficient higher

than 0.5 was removed from the madeésults from the modehs presented ithe fable 4.6
showed that there is a significant positive relationship between population change and
demography, industrialization, urban growth, transpiorna accessibility and livability
(R=0.94, F =7.74 a 18t ). The explanatory variables accounted for 89% variation in net
population change between 1984 and 2015 (R2 = 0/%etailed analysis of the result in
table 4.6 showed th#tte percentagehange in the numbef household by ward contributes
mostsignificantlyto the model { 1@ ttsignificart at 0 18t p This indicates that the
higher the percentage change in the number of househioé&dhigher the net change in the
populationin Lagoslsland. A significant positive correlation was also obtained between net
change in population and occupancy rate T8 ) distance to CBDf m&é p, the built

up areain kilometres 1 &8 o andthenumberof manufacturing indstries | T 038
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Table 4.5 Operational definition of variables for regression modelling othe driving factors of population change

Variables Title Operational definitions Measurement

Dependent variable
Y ol EF Log of ret population change Continues

Independent variables
Transportation Accessibility

X1 F Euclidean distance to CBD from ward centroid Continuous

X2 1 r Road density by ward Continuous
Livability

X3 = 1= Average population income by ward Continuous

Xa F = ={ Car Ownershifpy ward Discrete

Xs 4549 Net change in housing stock by ward

Xs ErE Occupancy rate Continuous

Demographic Characteristics
X7 FI 3 Percentagehange irthenumber ofthe household by warc Discrete

Industrialisation /Employment in the formal sector
Xs 4 1 30 Number of manufacturing industries by ward Continuous

Urban Growth/Development
X9 | =4 Built-up areas in km? by ward Continuous

Source: Authorés analysis, 2018



Table 4.6 The driving factors of population change in Lagos Island

Variables Std. Coeff. 5 Std. Error t P value
Constant 5.73 0.87 6.62 0.00
Average monthly Income -0.01 0.00 -0.09 0.93
Percentage change in Household numt 0.60 0.00 4.96 0.00
Distance to CBD in Kilometer 0.41 0.19 292 0.02
Occupancy rate 0.49 0.14 3.57 0.01
Built up area in Kilometer in 2015 0.43 0.57 2.79 0.02
Number of Manufacturing Industries 0.33 0.01 2.56 0.03
Number of car owners by ward -0.18 0.02 -1.17 0.27
Net change in housing stock 0.26 0.00 1.93 0.09
Road Density 0.01 1559 0.08 0.94
R 0.94

R2 0.89

F 7.74 0.00

Dependent Variable: Natural log oétrpopulation change (198015)
SourceA u t hanaly®is2018.
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That occupancy rate is significantly related to population change is an indication of livability
problem. It suggests the presence of gg)mnd inadequate housinigsuggestshat common
housing typdan Lagos Island is multiple dwellingnits and trat occupancy rate tends be
higher in multiple dwelling housingunits than in singlefamily dwelling units. Most
probably, thisis seriousevidence of livability problem on the Island.In addition the
positive relationship between builp area and population change indicate the continuous
transition of non urban land to urban, most probably for commercial and residential
purposesUndoubtedly this hasresultedin significant changes in land use pattern of Lagos
Island from 19840 date. Thapopulation change increases with increasing distance to CBD
suggests that there @ increasing concentration of people on the Island in all directlbns.
alsoindicatesthat accessibility is an important predictor of urban population change in Lagos
Island. In addition, the positive relationship between the number of manufacturing industries
and population change is reiterating the imparteof industrialization in urban population

change.

Although pulation incomerepresented by average monthlyane and car ownership
represented bthe average number of car owners were found to be negatively and inversely
related to population change, howeue results point to the problem of livability on the
Island. It indicates thgtopulationchanges higter in the areas dbw-incomedwellersand
where car ownership is very lowPositive but inginificant relationshipobtained for
population change andet change irhousing stockis an indication of rising demand for
housing. A positive but insignificant relationship between population change and road
density emphasizes the role of accessibility in population change. Accessibility to CBD

increases the number of urban residents.

Given theforegoing,it can be concluded thabth spatiabnd socieeconomic processes drive
population changdid slso safe to conclude thhbusehold pattern and its distribution are
manifestations of urban land use and economic st&emesenting the variables in talé

in a regressio equation produckequation 4.Expressed thus;

DEQ6OG T OO0 1 YO I 601 66'YT GOYO 066 1 600
I 0000T 67YY-888888888888888888 19
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From the resitiin table 4.6, equation 4.1 waeveloped into a population growth model for

Lagos Island. It is expressed in the form of;

0&"Q0D 4§ ™ 00 MIFYO MIPOMPPOoY @ @ OVYOmg b 60
T 00 M d 000 M & YY-88888888883818

Equation4.2 expresses the dynamics of urbarpyation growth in Lgos Island.lt can
provide helpfor planners and policymakers, particulaniien consideringleveloping futue
sustainableplanning straegiesfor densely populated areéike Lagos IslandlIt could also

helpin developingamodel plan fora sustainable habitable environment.

4.3 The structure and characteristics of householslin Lagos Island

The household is an important component of the city. Its structure and characteristics define
the cityandlargelyinfluences the rate and dimension of urban growietailed analyses of

data collected during the fieldwork provided information on the structure andesmmomic
characteristics ofiouseholds in Lagos Island. Discussion of the dathanalyses follows in

the succeeding sections.

43.1 The structure of households in Lagos Island

The results of the analysis of tlstructure ofhouseholds in Lagos Islamvdere presented in

table 4.1 Theresuls showedthat most of the residents of Lagos Island are relatively young
people witha mean age of 39.92 years. The relatively large standard deviation of 12.48
indicates high variability in the age distribution of head of households and the existence of a
significant number of old men and women who are probably indig@ihesmean length of

stay in Lagos Iskad as indicated in table 4id 27.24 years. This suggests that most fiead
households were born in Lagos Islamwever,the standard deviation df6.91 indicates

high variability and probability of some of the heads being recent migrants.

The average household si®ed.92personsAbout 70% ofthe household heads interviewed

have v members in their househol@8% of the household heads have betw&10
household sizes and the remaining 2% have a household size above 10. The standard
deviationof 2.38for household sizendicates that there is high variability in household sizes

and the existence of very large and very small househpold.agosisland. It is therefore

obvious why population growth in Lagos Island is phenomenal theelyears.Average
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monthly income is about sixtyix thousandfour hundrel and sixtyeight thousand &ira
(N66, 468.43) with a standard variation83798.96 suggeting ahigh level of variability

in income

Household heads in Lagos Islaade mostly men (66%), implyingemale constitute a
significant proportion of houseld heads (34%)It is unusual that a woman will head a
household unless aaccasion of houseld heal absence odeath. Results inable 47
provided uswith an insight intathe contribution othe household to the city workforc&he
average of..09 relatives living with household heads suggestt forahouse head there will
be an average of onelative living along with him. This most probably suggettat
household who are migrantdring in their relatives to live with thenCertainly, this will be
true of most migrants who usually bring in thesfatives to train in commercial skilia
orderto be economically dependermifter whichthey bring in other relativesTo a house
head, there ianaverage of 1.29 children and 1.11 relatives who are workéis suggests

that forty out oftherelativesare workers in Lagos Island.

43.2 Spatial Variation in Characteristics of Household

Characteristicof households by wasdin Lagos Island are shown iable 48. The table
clearly shoved strong spatial variationsf the household characteristics amahg wards.

One way analysis of variance of the spatial variation of the ssmoomic characteristics of
householdspresented in table @.supporté the observed variatioWard E3 comprising
prominent locations lik Adams, Okgoopo, Inabere and Igbosdras the highest mean age of
50.92 with an aerage household size of 5.12 crammed into an avefabd8 roomsMean

age is also high in ward2 and D2. These wards comprise areas around Abibu Oki, Alli
Balogun, Campbell, Olushi and Marin&lards A3, B2B3, C1 C2 andC3 that falls into the
densely populated Northern part of the Island and ward G2 in the eastern portion of the Island
close to Obalende aldmve high mean agé all thewardsstated abovethe average mean
ageis higher than the value féihe entire Lagos Island area (39.92). Analysis of variance test
for the age of head of households shows a significant variation at the 0.00 level of

significance.
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Table 4.7 The structure of households in Lagos Island

Mean Standard
S/N  Variable Deviation
1 Age 39.92 12.48
2 Average monthly incomm naira N66,468.43  N-33,798.96
3 Household size 4.92 2.38
4 Number of children living witta household head 2.79 1.418
5 Number of household head children who are working 2.09 1.287
6 Numberof household head children who are in schoc 2.59 1.166
7 Number of relative staying witthe household head 1.56 1.093
8 Number of household head relatives who are in schc 1.13 0.927
9 Number of household head relatives who are workine 1.51 1.110
10  Length of stay in Lagos Island 27.24 16.91
11  Length of stay irtheresidential building 15.38 14.27

Source:A u t h amalgss, 2018
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Table 48. Spatial Variation of the characteristics of householdin Lagos Island

Length of stay Length of stay Numbers of Household
S/IN Ward Major Streets Age of Average in Lagos in aresidential rooms size
Head Income Island house occupied
1 Al Breadfruit, Bankole, 32.60 83957.45 19.72 10.87 1.35 4.53
Olowogbowo, Apongbon
2 A2 Namdi Azikiwe, Broad Street, 43.89 81878.05 38.24 23.27 2.26 4.50
Marina
3 A3 Oke Arin, Kosoko, Ereko 40.40 75817.65 33.47 14.09 2.24 4.81
4 Bl Idumota, Ashogbon, Idumagbc 36.79 73745.19 29.12 9.67 2.26 4.47
5 B2 Agarawu, Mosalasi 40.35 79943.40 29.80 14.92 2.32 4.45
6 B3 Obadina, Wahab Folawiyo, 41.56 33934.21 23.15 13.49 2.39 7.45
Nnamdi Azikiwe
7 C1 Erelu, Onilegbale, Eguniga  46.07 73535.71 30.92 19.50 3.08 5.12
8 C2 Iga Iduganran, Ojo Giwa, 46.24 88535.09 26.01 17.80 2.70 5.21
Jankara
9 C3 Aroloya, Isale Ilgangan 39.80 25536.59 19.41 10.34 3.02 6.05
10 D1 Tinubu, Bamgbose, Kakawa 38.68 77812.50 19.88 11.75 2.62 4.78
11 D2 Odunlami, Campbell, Ajele 41.19 55263.16 17.13 9.72 2.45 7.31
12 D3 Catholic Mission, Glover 35.36 65281.25 21.43 13.37 2.31 5.50
13 El Faji, Atiku 31.35 86941.86 18.74 13.90 2.03 4.18
14 E2 Olusi, Odunfa 37.87 84194.12 30.66 18.76 3.91 4.88
15 E3 Oke Popo, Igbosere 50.92 38025.64 35.39 25.63 1.48 4.06
16 F1 King George, Onikan, Mcarthy 37.48 31785.71 18.72 9.22 2.27 4.53
17 F2 TBS, Okesuna, Igbosere 35.00 36513.51 19.64 17.10 1.61 3.69
18 Gl Tapa, Oshodi, Tokunboh 34.53 69684.21 18.18 7.13 1.53 5.20
19 G2 Strachan. Lewis, Moloney 40.44 23345.24 33.84 22.95 3.46 4.52
Total 39.92 66468.43 27.24 15.38 2.46 4.92
Source: Authoros dwork 2013/ 2014



Table 49. One-Way analysis of variance of the spatial variation of the socieconomic characteristics of households

Sum of Squares df Mean Square F Sig.
Age Between Groups 22376.9 18 1243.16 9.21 .000
Within Groups 127684.3 946 134.97
Total 150061.8 964
Length of Stay in Lagos Island Between Groups 39581.54 18 2198.97 8.80 .000
Within Groups 237335.3 950 249.83
Total 276917.46 968
Length of stay inaresidential house Between Groups 26159.3 18 1453.29 8.09 .000
Within Groups 166901.7 929 179.6
Total 193060.3 947
Number of rooms occupied Between Groups 467.9 18 25.97 3.36 .000
Within Groups 7117.88 921 7.73
Total 7585.38 939
Average monthlyincome Between Groups 422475537909.1¢ 18 23470863217 34.3 .000
Within Groups 592583958051.0: 868 682700438
Total 1015059495960.1 886
Respondent's household size Between Groups 563.80 18 31.32 6.65 .000
Within Groups 3285.% 697 4.71
Total 3849.% 715

SourceA u t h analydis, 2018
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Average incomevaries significantly across wards. The maximum income is about N105,
000.00 and the minimum income is N14, 500.80significant proportion of the sampled
household (20%) earns N14, 500.00 monthly. This implies d@hsignificant number of
households in Lagos Island live below the national monthly minimum wage of N18, 000.00.
The lowest mean income (N23, 345.24) is foundward G2 comprisingareas such as
Strachan. Lewis, Moloney etc. The highest income (N88, 535.09) is found in Ward C2,
particularly in areas around Iga Iduganran Street, Ojo Giwa and Jankara mheketsult of
aoneway analysis of variance test on iaion in average monthly income acrogards as

presented in table @shows a significant variation (F34.38 at P= 0.00.

In terms of length of stay, the shortest length of stay in Lagos Island is yeaBd and was
observed in ward DZ2particularly in areas around Odunlami, Campbell and Ajele. The
highest is 38.24 years and was observed in warth&Zomprises aresaround Broad Street
and Marina in Lagos Island Central Business Distri&tnalysis of variance of spatial
variation in he length of stay of residents in Lagos Island is statistically significant at the
0.00 level of significanceThis suggests that most householdd® are natives of Lagos
Island. However, the standard deviation of 16.91 indicates the existence of sighific
proportions of household heattgat are migrants, who most probalaise traders found

Broad Street, Marina within Lagos Island Business District.

Household size varies significantly in Lagos Island (F=6.179 at P = 0.00) and is very high.

The highst household size is 7.45 and was observed in ward B3 comprising areas such as
Obadina, Wahab Folawiyo and Nnamdi Azikiwe Street. Household sizes are above the
general household siz# Lagos Island in war€C1 (5.12), C2 (5.21), C3 (6.05), D2 (7.31),

D3 (5.50) and G1 (5.20). The lowest household size was found in ward F2 in areas around
Tafawa Balewa Square (TBS), Okesuna and Igbosere. The large household sizes found in
most of these wards are an indicationtfpr esence of extended f ami/l
households having relatives living with them. Large household sizarhesplication for

future population growth of Lagos Island. It also hasmplication forthe quality of life of

urban residents.

The average number of rooms occupied d&¥ouseholdas shown in table &.showedthat
living condition is poor in most localities in Lagos Island. For example, housetwitol

seven membeilig wards B3 and Dare crammed intan average of Bbooms. The situabin is
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worst in ward G1 (Tapa, Oshodkpe, Cowlane, Tokunboh etc.) where househsld
containing 5.20 persons arerammed into 1.53 roomsThis situation callsfor the

development of a sustainable and affordable housing plahdogsidens of Lagos Island.

Education is a major determinant of the quality of life of individull$asa significant
influence onhealth practicesand attitudes It is also very critical to entrepreneurshjp
innovation,city growthand sustainabldevelopmentTable4.10 shows a crostabulation of
the educationabtatus of household heads and tisex Thetable showshat male household
head are more educated than female household heaeimale heads without formal

education are more than male heads without formal education.

Among household heads that have basic/primary education, the male heads account for about
59%. Among those with secondary educatimale heads account for 53.3%,thé sampled

heads, the same also is true for thos¢hetertiary education category. Over 52%thé
inhabitants of Lagos Island are traders. About 13% are artisans and 14% are public servants
and those in private companies/corporation. The rest 21%acngss those in self
employment The tnemployment situation in Lagos Island is very high. The 2010 household
survey done byhe Lagos state government reported that 36% of the 381 household heads
sampled are unemployed. 46% of the household head amngalbyed and only 20% work

for wages. Urban unemployment is a serious problem in Nigeria and the situation is worst in
the city of Lagos because of the false impressi@mt most migrants hayebs. Until present

most migrantdbelieve that jobs are readily available in Lagos.

4.3.3 Housing stock and characteristicsn Lagos Island

Housing is an integral part dfie urban household. If forms the important seeamnomic

aspect of urban growth. Investment in housing increases thefstze louilt environment. It

swells up the amount of space used for residential activities. Direct counting of houses via
satellite data was done to determine the number of houses in Lagos Island. This was validated
by informationfrom the Lagos state buraaof statistics. A total of 8, 217 houses were found

in Lagos Island. Based on land use zones, about 33% of the housing atfokind in the
traditional/native areas, 31% of the housing stoek ¥ound in the lowclass residential area,
21.97% is in LICED and 13.9% of the entire housing stocks/found in the institutional

Zone.
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Table 410. Educational Status andGender in Lagos Island

Variables
Educ. No
Status Education

Basic/Pry

Schl Cert.

DiplomaCert

Degree

Total

Formal Count

% within
Status
Count
% within
Status
Count
% within
Status
Count
% within
Status
Count
% within
Status
Count
% within
Status

Sex
Female
12

Educational 60.0%

87
Educational 40.8%

156
Educational 30.8%

27
Educational 28.1%

35
Educational 31.3%

317
Educational 33.5%

Male
8

40.0%

126
59.2%

350
69.2%

69
71.9%

77
68.8%

630
66.5%

Total
Female
20

100.0%

213
100.0%

506
100.0%

96
100.0%

112
100.0%

947
100.0%

SourceA u t h analydis, 2018
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Classification of housing stock based on ownership showstihatajority of the residents in
Lagos Island live in rented hous@siblic and private rented houses accounted for about 86%
of the total housingtock. Thepercentage of owneoccupied housesereonly 14.2%. Taken
together, the percéage of owneoccupied houses wemauch higher in traditional/native
areas and lowlass residential areas than in other parts of the Island, but most houses in

Institutional area and LICBD are owned by publichawities and private corporations.

About 69% ofhousehold heathterviewed in the course of this resealave their famies
dwelling in multiple dwelling units consisting of two or three storey apartment. Mean
building age across Lagos Island is 31y@ars. The minimum building age is one year and

the maximum age is 128 yeaf#is showshat most of the houses on the Island are relatively
recent and might have displaced a particular structure. Information gathered in the course of
this research showbkat most stictures displaced are old typaultiple dwelling bungalows
and/or one storegpartment, whictare replaced by either three or more storeys. In some

caseshightrise buildings that are used for mixed purposes replace them

Apart from buildingtype and age, other housing characteristics examined in this research in
respect of Lagos Island include number of rooms, number of rooms used for commercial and
residential purposes arde number of househotdiving in a building. Aoneway analysis

of variance of housing characteristics is shown in table 4.10. Mearber of rooms in a
building an Lagos Island is 15.41, and this vasagificantly (F= 6.127 at P= 0.000).

The mean number of rooms used for residential purposes in a building isra@m$, this

also varies significantly (F =7.777 at P = 0.000). Similag mean number of rooms used

for commercial purposes in a building is 4.52, (F= 6.606 at P = 0.000) and the mean number
of households living in a building is about 7.60, (F= 8.H4°P = 0.000). A correlation
coefficient of 0.79 significant at ®®0. 05
number of househoddand built up arem Similarly, a correlation coefficient of 0.98
significant atthe 0.05 level was also obtained fdret relationship betweethe number of
household and urban land area for the period of 1:2845. These results indicate thatlzes
household number increasss, also is the extension of the land and built up areas of Lagos
Island. Therefore, it may befe to conclude that househslday a significant role in urban

thegrowth process in Lagos Island.
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Table 4.11. One-way Analysis of variance ofhousingcharacteristics inLagos Island

Sum of df Mean F P-value
Mean Squares Square
No of householslin 7.60 Between Groups 3730.12 18 207.229 8.19 .000
buildings Within Groups 17070.2 675 25.290
Total 20800.64 693
No of roomsinthe  15.41 Between Groups 8337.29 18 463.183 6.13 .000
building Within Groups 62519.19 827 75.598
Total 70856.49 845
No of rooms used for 12.40 Between Groups  7922.4 18 440.135 7.78 .000
residential purposes Within Groups 45782.64 809  56.592
Total 53705.8 827
No of rooms used for 4.52 Between Groups 1495.56 18 83.087 6.61 .000
commercial purposes Within Groups 9344.6 743 12.577
Total 10840.2 761
Source: Authorés analysis, 2018
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4.4  Monitoring and evaluating urban growth in Lagos Island(19842015)

4.4.1 The Spatial andTemporal Growth of Lagos Island

Based on the first objectiva,detaiked examination of the spatiotemporal trend in the growth
of Lagos Island was considerdedgure 42 shows temporal trersdn the expansion of Lagos
Island between 1885 and 20¥% estimate ofthe spatial exentfor 1885 wasncluded in the
temporalanalysis to show the piadependence growtbra.Due to data unavailability, the
value for1968was includedo show the independenesga. Estimates of growth for 1984,

2000 and 2015 represent the postependencera.

Within a space of 13@ears,the Island experiences about 80% increase in its land area.
Between 1885 and 68 (83 years}he land area increaség 33%,from 3.0 Km2to 40 Km2.
Between 188 and 1984a space obixteenyears) theisland expaned by 5% (about 4.20
Km2). By 2000the land are@xpanded by 14.29% amadcreased tal.8 Km2. Between2000

and 2015, the land area increasedLByp0% The rate of expansion betweed8% and2000
wasvery high comparmto what was witnessed betwe2000and 2015.Figure 47 shows

the composite map of Lagos Island &s2015. The bright green boundary on the image

represents the expardiand area of the Island as2fi15.

Growth by spatial units (wards) that made up the Islaad estimated by overlayingée
administrative map of the Island dime satellite imags (see figure 8). The choice ofthe

year 1984, 2000 and 2015 for the spatial analysis based oa number of reasongirst,
therewereno useful available aerial photograph or satellite data that can be usdthfge
detection and spatiotemporal analysislafd cover dynamicdetween1885 and 1968
Secondly, between the year 1984 and 2@1& city of Lagos experienced rapid population
growth and economic transformation (Braimoh and Onishi, 2007). In addition, in 1989 Lagos
Island was divided into 19 spatial units called wards; as wtréswas believed that there

will be no much difference in the spatial configuration of the Istzatd/een 1984 and 1989.
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The estimates of the land area of each spatial unit as obtained for 1984nd(fL& were

shown in table 4.12The table showed the spatial units that had changed over the years and
by how much they had expded during the period under considerati®etween 1984 and

2015, twelve (12) wardsncluding; ward, A2, B1, C1, D1, D2, D3, E1, E3, F1, F2, and G2
experience changes in their land areas. These are wards that shareibswiitaiagos

lagoon and the &gos harbour. Three wards experienced unprecedented changes in their
urban land area. Wa C1 experienced 95.45% changats land area, ward E3 experienced
77.78% change in its land area and ward D3 has its land area increased by 60.33%. Other
wards thatexperienced changes are ward G2 (48.15%), ward F1 and F2 (about 33% each),
and ward B1 having its land area increased by 23.07%. Changes in ward B1, C1, E3 and G2
can be explained by recent reclamation on the fairly shallow portitimedfagos lagon at
llubinrin, a settlement onhe northern fringe of Lagos Islandee plate 4.1)However
changes in ward D3, F1 and F2 can be attributed to reclamationthlbggos harbour at

the southern fringe of Lagos Island.

A detailed examination of plate 4.1 showed that serious development, particularly vertical
development hagdommencedn the reclaimed land argaat llubinrin It alsoshowed that
there is aserious incursion into the se&hile this development is laudablget there is the
need for caution, to avoid future disaster of monumental proportion particularly in this era of

climate change.

Using the data on estimates of urban land areas by ward from satelligrigsagtable 4.2,

a test ofanalysis of variace was conducted to confiimy pot hesi s 1 whi ch st
is no significant spatial and temporal variation in thetiagp@&xpansion of Lagos Islari
Table 4.12 shows the results of hiHOVA testof the \ariation in urban spatial expansion of
Lagos Islandbetween 1984 and 200Biven anF-value of 3.79, 5.71 and 11.8fgnificant at

0.05 level, he results show that thereare significant temporal variatianin the spatial
expansion of Lagotsland between 1984 and 2015. The observed variations in the temporal
growth of Lagos Island would have a significant relationship with increasing demand for
space, for both residential and commercial activities. This shall bmiesad in the
succeeding ltapte(s). However the result in table /% stablished the fact thaignificant
growth processes amngoing in Lagos Island, an area concluded to be fully-bpilby
Ayeni (1981).
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Plate 4.1 Land reclamation at llubinrin settlement, December 2015.

Source: Googl&arth
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Table 4.12 Spatial and temporal trends inthe expansion of Lagos Island 1982015

Wards Total area in Total area in Total area in Gain Lose %
Km? [1984] Km? [2000] Km? [2015] Change
Al 0.31 0.34 0.34 0.03 - 9.68
A2 0.32 0.34 0.34 0.02 - 6.25
A3 0.19 0.19 0.19 - - -
Bl 0.13 0.16 0.16 0.03 - 23.07
B2 0.11 0.11 0.11 - - -
B3 0.12 0.12 0.12 - -
C1l 0.44 0.53 0.86 0.42 - 95.45
Cc2 0.18 0.18 0.18 - -
C3 0.31 0.31 0.31 - -
D1 0.19 0.21 0.21 0.02 - 1.05
D2 0.22 0.28 0.28 0.04 - 18.18
D3 0.05 0.06 0.08 0.03 - 60.00
El 0.19 0.23 0.23 0.04 - 21.05
E2 0.18 0.18 0.18 - - -
E3 0.18 0.21 0.32 0.14 - 77.78
F1 0.18 0.24 0.24 0.06 - 33.33
F2 0.27 0.36 0.36 0.09 - 33.33
Gl 0.08 0.08 0.08 - - -
G2 0.54 0.67 0.8 0.26 - 48.15
Total 4.19 4.79 5.39 1.2 - 28.33

Source: Estimatéby the Author using remote sensogfaand GIS.
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Table 4.13. Variation in the urban spatial expansion of Lagodsland (1984-2015

Sum of df Mean F Sig.
Squares Square
Urban extentin  Between Groups .23 11 .02 3.79 .04**
kilometer (1984) Within Groups .04 7 .01
Total 27 18
Urban extentin  Between Groups .37 11 .03 5.71 .02**
kilometer (2000) Within Groups .04 7 .01
Total 41 18
Urban extent in Between Groups 7 11 .07 11.5  .00**
kilometer (2015) Within Groups .04 7 .01
Total .81 18
Note: ** Values significant at the 0.01 level
Source: Authords analysis, 2018
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4.42 Urban Land use and land coverdynamics in Lagos Island

A systematic and most widely recognized way of monitoring urban growth is prinbarily
remotely sensed image(Zheng, 2004 Remote sensing data prdes the opportunity for
timely, repetitive and multdatedatathatare usefuin monitoringand evaluating changes in
urbanland covelland use patter(Herold, et al.2006) There is a thin margin of difference
betweenand overand land useWhile theobservedhysical cover on the earth's surfase
the land cove(Di Gregorioand Jansen, 1998anduseis thefunctional role of land in terms
of econanic activities (Campbell1983). These two tersmare indispensable in landscape
analysis.Urban land cover, or urban extent, is typically measured by the totalupuiltea

of cities, sometimes including the opémondeveloped)spaces captured byetin built-up
areas and the opemdndevelopedl spaces on the urban fringe affected by urban
developmentAngel, 2013) Monitoring urban growth in Lagos Island was done by takireg
inventory of types and analysing the dynamiagk its land cover andland use. Tis was
achieved through four integrated stagnamelydata preparation, procesgirclassification of

land coverand postlassification analysis.

4421 Data pre-processing, classification and Post classification

The Global Land Cover Facility (GLCprovided theltree Landsat (TM and ETM-80m x

30 m spatial resolutignimageriesusedto examine land cover dynamics in Lagos Island.
GLCF archives Landsat imageries that have proved sufficierda $gnoptic view of urban
development.Their spatial resolution and spectral range ardficient to capture the
characteristic scales of humdevelopment and to detect changes in land cAveee years
datasetq1984, 2000 and 2015yere selectedor this study. These datasets were selected

based on data availabilitiput they als@epresent significargeriods

The dataset for the year 1984LandsafThematic Mapper (TM) imagdt coversan area of
about 170 km athe north-southaxis and183 kmat the eastvestaxis (106 mi by 114 mi).
Landsat imagery data haweven spectral band8ands 1 to 5 and 7 hav& meters
resolution. Band Gthermal infrared)has 120 metersresolution, howeverthis had been
resampled to 3fneter pixels.The dataset for 198represerd the period of early economic
prosperityin Nigeria. The dataset for the ye@000is Landsat Enhanced Thematic Mapper
Plus (ETM+) that covers about70 km northsouthand 183 km eastestscene size. The
dataset hasight spectral band8ands 1 to 7 tsa spatial resolution of 30 meterBand 8 is

a panchromatiamage with1l5 metersspatial resolutionThe data for theyear 2000is very
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central to this research. The yeapresergthe beginning of the current political dispensation
in Nigeria. Thedispensation came with renewed efforts at rejuvenating urban centres in

Nigeria throughaseries of urban renewal programmes, paridylLagos State.

The dataset for thgear 2015 is Landsat 8 fro@perational Land Imager (OLI) and Thermal
Infrared Sensor (TIRS)Thedataset hagine spectral bandsovering approximately 170km
north-south and 183 eastest scene sizeBands 1 to 7 an® have 30 meters spatial
resolution However, band 8 is @anchromaticimage havingl5 metersresolution The
dataset for the gar 215 was chosento representanalyse and monitahe currenturban

growthsituationin Lagos Island

Geometric and radionigc corrections were made on all images us€Hbey werealso
projectedand registeto the 1984 World Geodetic System (WGS) and Universal Transverse
Mercator (UTM) Zone 3l coordinate systemespectively Linear enhancing, filtering and
resettingof the brightness and contrastall imageries waperformed to enhance the visual
display of the imageries. ENVI 5.3 rastmmsed GIS software was used to perform the
supervised classification on the imageries usiaximum likelihoodmnethod The methodf
Maximum likelihood clusters pixels in a dataset into classes based ordefieed training
dataand the statistical assumption of normality for each dlagsach bando calculate the
probability that a given pixel belongs toparticularclass. Eale pixel was assigned to the

class that has the highest probability

Four classes nameliuilt-up (ncluding all pavedurfacessuch as office blockgommercial
structures,educational centres, hospitalgsidential apartment, industrial buildingsads
and parking lotsetc), water (including, ponds, lagoons, marsh andlame),vegetation
(includingpark, open field, reserved areas, urfeam andother vegetated surfageand open
surface (icluding undeveloped urban spaceere createdThe retrence training sites for
each land cover type was collected in order to generate training signaraiasg sites for
each cover class wedelimited by means of visual interpretation tofe and false colour
composites of Landsat imageriesilti-temporal very high-resolution imagery available
through Google Earth, Lagdsland boundarynapfor the year 200@nddirectobservations
from the field
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Thefic on f magixoandii Kappa St at i s twere&lculatedtevhldaietlcei e nt s)

classification procedures and the accuracies of the derived classified land coveapaas
statistic considers a measuretbé overall accuracy of image classification and individual
category accuracy as a meanapfctual agreement between classifion and observation.

The value of Kappa lies between 0 and 1, where 0 represents agreement due to chahce only
representshe complete agreement between the two data sets (Ismalasai 2008). The
overall accuracy of the classifitions for the thee images weré9.5% (1984), 78.4% (2000)

and 84.6% (2015), with a standard deviation @0.3 percent. The Kappa statistics value of
0.72, 0.82and 0.86 wer@btained respectively for the three imagégure 44 to 4.6 wasthe
derived classified imagésaps ofLagos Island. These weter ansf or med i nt o

and brought into ArcMap 10.3 for more detdilnalysis.

44272 Change detection

Change detection is an important process inahalysisof urban growth. It involvesa
compariso of sequential landover maps of an area derivdfdm remotesensing data or
other sourcef_ambin, 1997)calculation and analysis of the area of each land cover class (in
this case buitup, vegetation, water and open surfaces). Estimates of land/landeuse

change and change rates for Lagos Island was derived using descriptive statistics (frequency

and summary statistics) in ArcMap 10.3. Theult is presented in table 4.1

For the thregrears(1984, 2000 and 2015he builtup category dominasethe land cover. In
1984 it accounted for about 70% of the land cover (2.93,kw 2000 it increased to 84.36%
(4.04 kn®), but decreased to 81.77% (4.4rm 2015 due tdhe expansion of the Island in
the northwestern corner. Open surface increased 0@6kni (6.22%) in 19840.31 kn#
(6.54%) in the year 2000 and 0.5k(8.3%) in 2015. The overall spatial charngehe total
urban land areasom 1984 to 2015 for Lagos Island wa8.3%, indicating 1.2 krfi of 5.39
km?land aregsee table 4.11However this overall change masks the variability in changes
among various feature classebo take care of this, Loveland and Acevedo (2016)
recommended thatoth net and gross change statisst®uld betaken into account when

considerindand changeraounts.
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Table 4.14 Land Cover change statistics for Lagosdland

Feature Class 1984 2000 2015 19842000 20002015 19842015
Area % of Area %of Area %of Gains/Losses Gains/Losses Net Gross Rate of
inkm? Total inkm? Total inkm? Total (%) Change Change Change
(xkm?  (km?
Built -up 293 69.98 4.04 8436 441 818 1.11 0.34 0.77 1.45 1.63
Open Surface 0.26 6.22 031 654 05 9.3 0.05 0.19 0.14 0.24 2.98
Vegetation 099 2373 042 875 0.46 8.59 -0.57 0.04 0.61 -0.53 -1.73
Water bodies 0.003 0.07 0.02 035 0.02 034 0.02 0.00 0.02 0.02 18.3

Sour ce: analysts,P@18.6 s
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The ret change in a given land cover category results from the gains and loagesticular
cover type between two periods,répresents the differereén the gain and losses of a
particular land cover typeebween specific pots in time. Gains represetite amount of
area that convert into given classes between two dates, irregpaxt the amount of areas
lost, Losses represettte amount of areathat convert out of given classes between two

dates, irrespective of the amawf area gained

Gross changeepresents the total assaodified between two periods the sum of all gains
and losses in a cladsetween two datedt provides a clear indication of the overall amount
of change activity that affected specific lacaver sectorandclear evidence of the overall
amount of land change experienced rather than the actuddahtyi of specific land cover
(Loveland and Acevedo, 2016, Sleeter, et al., 2012).

Table 4.14shows et change andjross change in lancbverclasses. The rate of change in
different land cover classes was also presei@édll the four land cover classes identified in
Lagos Island, the builip category changed most with abamtincrease of 1.5 kfn This
indicates that about 27.per cent of the totalland area ofLagos Islandexperienced a
conversion either to or fromuilt-up land coverclass A value of +0.77 km? for net changes

in the builtup classndicake thatabout 13.7% of the Land area of Lagos Island is converted

from built-up category to other uses or added due to land expansiothé&srpurposes

For thebuilt-up categorythe rate of changes 1.63% for the period under consideratién.
Gross changef +0.24 knfin open surfacelass,with a net change of 0.14 Kmandthe rate

of change oR.98% may beattributed to the ongoing expansion process in the northwestern
corner of Lagos Island at llubinriThe vegetation class the most negatively affectet
experienced a decline of about 0.53kmits size, with a net change of 0.61 krithe net
change experience in vegetation claaa be attributed tthe urban renewal efforts of state
government and reclamation processes going on the Isldmwater class has a gross
change of 0.02 kfn with a net change of0.02 knf. It hasthe highest rate of change
(18.3%).Gross changes noticed in water class (0.02) kwith a net change af0.02 knf
though very small, suggests that about 0.4% of Lagos Islaad @nvert to or from water
class either through the process of coastal erosion or sand filling for reclamation exercise.

This indicatesthe need to pay closer attention to environmental changes in Lagos island

108



orderto forestall future negative environmentalcurrenceshat can bring untold damages to

human lives and properties.

Data in table 4.4 mask variability in both net and gross changes and rate of change in
various spatial units thamade up Lagos Islandidure 47, 4.8and 49 showedthe net and
gross changes and the rate of change in-bpiltlass in various wards that made up Lagos
Island. Both net and gross change and rate of chamdeghest in ward C1, but no changes

were observed in ward B2 an@B
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The changesobserved in ward C1 is principally due to reclamation and development that is
ongoing in llubinrin.A negative change in net values tbe built-up class vasobtained for

ward A2, A3, D1, D3, E1, E3, F1, F2 and ward G2. Similarggative values were tained

for gross changes in builip class for ward A2, C2, E2 and G1. Rate of change is lowest in
ward C2 The implication of this is thahe intensity andate of change in builtp areavary

across wardsThe result presented in figure Z4to 49 is invaluablefor monitoring the
development process in Lagos Islandaffiords planners and decision makers to focus on
specific spatial units that require spatial interventions. In wards where intensity and rate of
development are high, there is the need fonew development controlplan and

implementation strategigkat will ensure safe habitation.

4.3  Analysis of the urban morphologyof Lagos Island (19842015)

Morphologcal analysis of urban areas involves the examination of changes and trends in
urbanspatial stragture in time and space, particularly from terspectives of thelassical
theories ofurban land useThe classial theories viewedrban morphology fnm a primarily

static viewpoint Analysis from this perspective depended heavilgariceconomicdatg as
aresult,they areinadequate iranalyzingthe very complex urban spatial evolutiqi€heng,

200). The morphological analysis of thepatial structure of Lagos Islampdoceeed in two
levels.First, the land use structure of the Islasdiescribed fronthe urban classical theories
perspectivesind a map of land use pattern was developed. Secmadeaspatially depended
method called the method diusters of urban bultip pixelsfrom remote sensing data was

used in evaluating changestire spatial structure of Lagos Island

4.31 Measuring Temporal changes inthe urban spatial structure

The research examined temporal changes in the spatial structure of Lagos Island from 1984 to
2015 using R2 statisticlackwort (2013haddemonstratethat rent, income, housing value

and population distance gradient could provide deep ingightthe structure of cities. He
showed that aR-square value of 0 in a distance gradient scatterplot would suggest complete
statistical randomness, whereas augabf 1 would imply that the type of the trend line used

in the distance gradient plot explains all variability in the ditg. stated that oitinodality

tends to register highgguare value when represented by polynomial lines (Hackwort; 2013
85). Giventhis backdrop, R? statistics was used to measure temporal changes in the spatial

structure of Lagos Island.
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Figure 4.10 presents a graphical plot of the relationship between distancéaatd/alue
using a polynomial function othe second degreeThe pbt producedan rsquare value of
0.65. The resulindicaiesgreater variability irthe absolute location of land valuk.showed

that distance account for abdfl per cent of the variation in land valliealsosuggests that
the structure of the city igolycentric. The polynomial function obtainéat thedistanceland
value relationships similar to Stewart (1947) postulation of a lineal relationship between

density and distance in which densitigtance function take the form of;

O O OB8888888888888888888888888888u&h

and Newling (1971) possibilities of an intrinsically lineal functional form of urban density

through a polynomial function in the form of;
O O 0O nn8s88888888888888888888 uv8 8
withO> 0, bi 00 and c¢c <

Both equation 5.3 and 5.4 supports Clark (1951) second assumption on urban density that
states that in most cities, as time pasdessity decreases in the central areas and increases in
the suburbs, thus producing a territorial expansion of theaoilyemergence of new centres
(Martori and Surinach, 2001).

Pdycentricity in Lagos Island in respect land market is not impossiblgiven the fact that

land values in major urban centres of Nigeriayvduwe to thenfluence of market forces of
supply and demand that govern availability, accessibility and affordalbditiand and
housing Therefore, it can be conclud#tht land value isne of themajor factor influencing

the spatial expansion of citigsarticulaly Lagos IslandHowever, relying on land value data
alone to explain thstructure of Lagos Island may not be very safe. This is bethesand
market is not regulated in Nigeria; hence, thera p@ssibility of volatility in values within

the city. To ascertain the trurm of Lagos Island, graphical plots tfe distancedensity
gradient for population density using quadratic polynomial functions were obtained for the
year 1984, 2000 and 2015. Tipsovided the opportunity tquantify the city form andto

examine the spatial dynamicstbeurban form.
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From the perspective ahulti-nuclei theory,two major centres can be identified in Lagos
Island. The first isthe commercial land use zora the southwestern edge through the
southeasterrcorner of the Islandknown as thelLagos Island Central Business District
(LICBD) as shown in plate 4.Zhe £cond is théraditional core of Lagos Islandomprising
the area lehind the LICBD similar to what Burgess (1925) referred tothe zone in
transition The traditional corés the main traditionalesidential zone of Lagos Islandl.new
wave of invasionis currentlytaking placein areas around th€afawa Batéwa Square. The
area officially designated for yblic use is being currently reinvented into a shopping
complex thus becoming another major nucleus in Lagos Islai@imilarly, Onikan is

graduallybecominga commercial complex.

The polynomi& functions obtained in figure 40b-d give R? values of 0.13, 0.0,05 for

1984, 2000 an@015respectively The plots suggest that Lagos Island is a dense area without

an exremely dense cordhe Rsquare value for 1984 in figurke1l(b suggests a tendency
towards variability rather than randomness, thereby indicativegelement of polycentricity.
However, thedecreasingow r-square values for the later years (2000 and 2015) esthtivat

thereis randomness in the absolute location of Rigipulation density zonesndicating
discontiguous urban formnd expansion of urban spaée. observed by RodrigueBachiller
(1986) , Aphysical di scontiguity employmentes ul t
points, either as a generalization of the “marker household extension of the basic
microeconomic model or as a derivation of classical Central Place Theory and a trend
towards a more balanced (|l ognorimabangrotvihst r i b
had been associated with cities under fast urbanisation particularly in developing countries
(RodriguezBachiller, 1986).

Resultsin figure 4.1(-d lend credence to Clark (1951) general hypoth&giat in all cities,
excluding a businessnd commercial area,dle are densely populated areasich decrease
when moving away from the centre (a negative density function) but as time passes density
decreases in the central areas and increases in the suburbs, thus producing a territorial

expansion of the city (Martori and Surinach, 2001).
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Plate 4.2 Lagos Island Central Business District

SourceLagos StatéMinistry of Physical Planning and Urban Development
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Oneway analysis of variance in population density actbgsvard fromthe centre of the

city gives an F value of ~0.2 not gifjcant at 5% level. Batial autocorrelation analysis of

the spatial pattern of population density for Lagos Island showed a random pattern with
Morandés | values of O0.-00! fofl68%atR2 MWDSThe rGnddn2 f or
patterns observed suggestvalely spread population density across space. That populat
density spread across spasean indication that Lagos Islandspreading ouin its physical

extent yet because oits geogaphic constraintit maintainsa compact spatial morphology.
Therefore, the growth processin Lagos Islandmay be concluded to be a process of
leapfrogging The growth doesot follow alow-densitydiscontiguous process, rathenigh-

density sprawhg processimilar to what~ulton, et al. (2001) called d e n s ed .s pr a wl

4.32 Evaluating the structure of Lagos Island usinghe classification of built-up pixels

The earlier attempts at understanding and quantifying the spatial structure of the city is
through a statistical approach that is heavily dependent soioceconomic variables
Principally, data on rent, income, density and distance are heavily relied \(idle this
approach gave aseful insight into population distribution, location of economic activities

and households, yet there is the need for a more spatially dependent method that can reveal
the spatial and temporal dimensions of urban spatialtsteiA relatively new way of
understandingnd analysing urbaspatial structure is to consider the classifications of built

up pixels as revealed by land cover/land use map of the city (Angel et al., 2005).

Usingtheclassified land cover/land use magd.agos Islangresented in figurd.6, 4.7 and

4.8, a three order cluster of urban buijt pixels was developett was believed that if there

were no centres at all, there would be no contiguous clusters clippiels that are larger

than, a leblock area(about10 hectares(Angel, et al., 2005). The distributions ofthe

cluster sizes of different orders of magnitude for Lagos Island both te spad time
presented inable 4.15The firstorder cluster has a cluster size class of 50 to 100+ hectares;
the second has a cluster size of 10 to 49 hectares (second order) and the third less than 9
hectares (third order). In 19821% of the land area of Lagos Islamds fragmentedThis

reduced to 10.5 per cent in the year 2000 and 2015 respectively. In 1984 and 2000 10.5% and
5.3% of the buikup areas are in the firstder (highest) cluster and 68.4% and 84.2% are in

the seconebrder cluster class, imchting the presence of centres @nsubcentres

(polycentricity).
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Table 4.15. The distribution of the built-up area among clusters of different Size

Cluster Size Class (Hectares) 1984 2000 2015
Class From To Units % Units % Units %

3 1 9 4 211 2 105 2 10.5
2 10 49 13 68.4 16 84.2 17 89.5
1 50 100+ 2 105 1 53 0 0
Total 19 100 19 100 19 100

Source: Derived after Angel et al., (2005)
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The absence dhefirst-order cluster class in 2015 and about 10.5% of the area not clustered
suggest a shift tsmono-centricity. Advantagesof usingthe classifications fobuilt-up pixels

in the city tomeasureurban spatial sructure are manyfFirst, it can helpn observingthe
differences in the urban spatgtructure othe city in time and spac&econdy, it can help in
developing otbr measures for describing the spatial structure of the city.ekample,
contiguity index and compactness index can be developed and calculated from the
classification of buikup pixelsfor different periodsto describe the geeetrical form of the

city.

4.6 Conclusion

A major highlight of chapter fouis that population increasevith increase inpopulation
density and built up areaf Lagos Island. Important determinants of population change in
Lagos Islandare found to be demography, industrializatior(essentially smallscale
industries) urban growth, transportation accessibility and livabilkyumberof household
contributed significantly toéhe urban growth process in Lagos Islaag there is significant
positive rdationship between numbers of household, sizes of-bpilarea and urban land
area for the period of 1982015. Spatiotemporaanalysis of urban growtim Lagos Island
indicated a significanvariation in the spatial expansion of Lagos Island betwlé8# and
2015 The observedariation wagelated tancreasing demand for spadmthfor residential
and commercial activitieBuilt up category of théerivedland cover classes, dominated the

urban landscapdhespatial structure of the Island folleva monocentric pattern

Result and discussion in chapter festablished the fact that significant growth proceases
ongoing in Lagos Islandrhese processes are accompanied by vaptarmingchallenges

that he traditional topdown city planningapproach beingracticedin the past had proved
insufficient Sustainableplanning interventios to manage and monitor éhprocesses of
growth in this iconic area armgecessary ancequired Lagos Island is a major core with lots

of investment opportunitie§ here is the need for strategtestransformLagos Islandnto a
twenty-irst-century business precinct comparable to ottwre of themajor cities of the
world. To this effect, aalanced approach to piaing that involved alemocratisd and
inclusivecitizen engagement combined with a more centralized planning effoeeded in
managing and making Lagos Island a healthy, liveable, environmentally friendly and rich

area.
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CHAPTER FIVE

MEASURING THE COMPLEXITY OF URBAN GROWTH IN LAGOS ISLAND

5.1 Introduction

In the last chaptepopulation change and urban growth in Lagos IslaaceevaluatedThe
physicd extent and form of the city weranalysed from land cover dynamics, however
dynamical processesf growth in the citywerenot emphasizedThe subject of this chapter is
to measure and examitige complexity of urban growti.he issue of complexity had been
extensively discussed icthapter two of this thesist tefers to the higheorder phenomena
produced becauseof interaction between various connectedy s t esubdomponents
Complexityde<ribes boththe dynamics (i.e., processes) atf structure (i.e., patterns and
configurations)f a particular syster{Batty 2005and Boeing, 208). The structure of a city
relates to itghysicalpatternor form. This also relates to tligscernible regularity observed

in the citylandscapeRegularity inspacedefines the complexity bthe city landscape

The physical pattern of cities igpaoduct ofdynamicalprocesseswhich arethe sequenceof
actions producin@ change in the state of a systeihange in space sspatial process and

in time atemporal procesd herefore the spatial processnay be conceived dke operation

of the temporal process in a spatial cotitéHarvey, 1968). Process herein does not refer to
the socieeconomic processes, which aegarded ashe main drivers of urban spatiaind

functional growth.

Chapter sixproceedsin two levels;first, the examination of thepattern ofdistribution of
urban growth in Lagos lland was considere@nd thereafter thanalyss of the dynamical
patterns and processes of urban growmthagos Islandusing spatial metricsThese metrics
provide an opportunity to measure and explain the dynamics of urban grawth its

complexity.

5.2 The spatialdistribution of urban growth in Lagos Island

There are many methodigr assessing the spatiphtternsof urban growthHowever,most
popularly usedare the spatial awtoorrelation methodsThe application of thespatial
autacorrelation methaslis relatively recent in urban analysis. However, their uses are based

on the hypothesis that urban growth and declinespagally conditionegbrocesses, of which
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the outcome at one location is partially affected by evantgher locations (Paez and Scott,
2004).The most widely used amonpgatial autocorrelation methodse;Mo r alnnélgding

A n s e ILISA @cacal Indicator of Spadl Autocorrelation, Geary's C, anthe Getis and
Ord family of G; (d) statistics (Getis and Ord, 1993; Ord and Getis, 129®1). These
statisticsmeasuredhe spatial weights matrix that reflects the intensity of the geographic
relationship betweerobservations in aneighbourhood They alsocompare the spatial

weights to the covariance relationship at pairs of locations.

Empirical i nvestigations have demonstrated
analysis of the spatial pattern of urban growth (Fan and Myint, 2014; Li et al., 201&zZMalp

and Guo, 2001; Musakwa and Niekerk, an2014 ¢
opportunity to evaluate the | evel of compacHt
(I = +1) indicates spatial clustering of values across geographic space thvesignificant

negative index (I=1) indicaesarandom or dispersed pattern.

Sincethe importantobjective of this studyis to determire urban growthpatternin Lagos

Island spatial pattermnalysis of urban growtwasachievedollowing two integratedevels

First, using ArcMap 10.3the totalbuilt-up pixels in each ward werealculated and mapped.

The average pixel size w28.41m x2841mM hen t he hypothesis that
statistically significant spatial clustering of built up dixe i n L a g o testetdl byl andd
Mor ands | lobataadLocaltMorar®s 1), (siBig rowstandardized weights matrix

with the gatial statistics tool in ArcMa@ he global Moran indestates

¢ BBULQQ oo o

OBBU B o w

=5 = teeeéééeceéeéécececeeceéeééeeceeeée HI

wheredfis the mean of variable vectar wy are deviations from the mean ahd are the

elements of a spatial lag operafvy) standardized by measures of total variati®n ¢y )
and connectivity in the systeB (B 0 (P aez and Scott, 2004)he Anselinlocal Moran

statistics (Anselin, 1995) for an observation is given as;
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O a 0 a888888888888888888888888ug

wher e, anal ogous t o t he e obsenmatooh ax Mor an 6
are in deviations from the mean, and the summation joieesuch that only neighbouring
values@" 0 are included, the weights may be in rowstandardized form and by
convention is equal to O (Anselin, 1995). Fquatterns of local spatial association are
observal®;

1) High-high associationwhen the value aob is above the mean and the valuesocdt
6neiuv h hgoasinequatien i (i.e.B 0 ) are generally above the mean,
the statistic is posite;

2) Low-low associationwhen both values are below the mean, the statistic is positive;

3) High-low association when the value at is above the mean and the values at
neighbauring zones are, in general, below the mean, this gives a nepaane

4) Low-high associationwhen the value at is below the mean and the weighted

average is above the me#&ns negative (P aez and Scott, 2004).

Equation5.1 is global in the sense thidte overall pattern in the dais summarizednto a
single value indiating different spatial relationshiger a given subset of data, bbf is
local because ineasures the correlation between the value for a giremand that for its

neighbairs.

The valus of | obtained for theespectiveyeass unde consideration (1984, 2000 and 2015)
wereshown in Tablé.1 together with their associated &ores and the-Palues.Givenl =

0.29 (Z = 1.76)significant atp > 0.05 in 1984, there is a less than 10% likelihood that the
clustered pattern ahebuilt-up cluster could be the result of random chance. However, given
| = 0.53(Z = 3.08),significant atp 0.05 in 2000, and | = 0.3& = 2.22),significant at

p 1@ bin 2015, he results showed that there is significapatial clusteringf built-up
pixels in the landscapeThis is an indication o& clustered patt@ of urban growthThe
clustered urban landscape # higherorder phenomenomroducedas a result ofself

organisation.
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Table5.1. Gl obal Morands | ndex20f5pr Lagos | sland (1984

Year Mor an 6s Expectedindex Variance Z-Score P-Value

2015 0.28 -0.06 0.039 222 0.026
2000 0.53 -0.06 0.036  3.08 0.002
1984 0.29 -0.06 0.038  1.76 0.077

SourceAut hor 6s anal ysis
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A clusteredurban growthpatternsymbolisesan urban growthtype that is neither linear nor
dispersed. It is @ompact and dens#evelopment that may lrelated to an infill process (a
process where development of remaining small lots sets in after a city has reached the peak of
its spatial development) or leapfrogging (a discontiguous process associated with urban
clusters).Two possible clustered pattern of urban growth are presentédure5.1. Figure

5.1a presented a monocentric compact development thasiescétuse oéninfill process

A polynucleated development that results due to frenation of several urban clusters
throughdiscortiguous growth is presented in figure 5.1b.

Considering the restdl in table5.1 in relation tofigure 5.1, it is obvious that there hasdn
spatial clustering ofdevelopment in Lagossland This developmentsuggestsa non
spontaneous, buather a selbrganised processharacteristiof a complexsystem,adopted
intuitively to minimize the amount of land in each square meter of deve|azata occupied
by residential or nomesidential uses.This established the fact that urban growstem
undergoedhe selforganisation proces@llen, 199D). It also corroborates<Cheng(2003),
Salvati,and Carlucci (2014yvho notedthat the spatiatlusteringof urban development is a
selforganizingprocesscharacteristioof orderly and efficient lash use in a complex urban

system.

The huilt-up parcels in Lagos Island @984, 2000 and 201&represented inifure5.2. A
detailed examination of th figure showed that first, there wasspatialclusteing of urban
built-up parcels. Thelustered pattern resulted from the coalescenceighbairing clusters
of built-up parcels. This developmeabnstitutes a serious planning challenge, particularly
the areas of infrastructural and service provisioanagement and maintenangSecondthe
built landscape waperforated with some undeveloped Igratcels thabecomea potential
platform for leapfrogging in urban developmentrde degraded built upixels could be
noticed atthe southeastern tip dfagos Islandin the year 2000. Degradation of btulp
pixels may be a product of planning apalicy intervention of the government towarithe
regeneration of.agoslisland. The result in tablé.1 showsthat Mo r aind@xsfor Lagos
Island increased by 83% between 1984 and 2000, but decreased lyedv8én the year
2000 and 2015, an indicatidmat urban growth wamorecontiguoushetween 1984 and 2000
than between 2000 and 20T%ese changdn the pattern of growth may be explained te
process of expansion at the fringe area through the process of sand filling for land

reclamation.
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The results in table .® obscuredthe growth pattern at local levelAs a result a cluster
outlier analysis of urban growth pattern was conducted using Aasklio ¢ a | Mdheanos |
resultswere presented in table.& For eachobservation('O evidence of significanspatial
clustering of dissimilar valuesf urban builtup pixels(High-low associationpat local levels
wasobservedThe resultshowedthat ward A2with'O  p® PO E C1 EAHE ABtu@s
a high spatialclusteringof built up pixelsand issurroundedprimarily by wards witha low
number of buikup pixels.However, in 2000 and 201t&e locationof the outlier changed to
Ward G2 with the value ofO  ¢8t @A @ 18t dn 2000 andO ¢& TA § 181 gn
2015. Resuls in table 5.2 showed evidence ofspatial heterogeneitin the distribution of
urban growthin Lagos Island The results presented ifable 52 produced a number of
spatial autocorrelation maps called LISA cluster maps for Lagos Iplesgnted in figure
5.3. Themaps showed the locatiah high-low spatial clustering of butip pixels.

Graphical plos of the relationship between distance from the city centre thadlocal
Morard $ndexes for the builtup class for each yeavere presented in figur&.4ac. The
figures enablea deeperunderstandingof the dynamics ofurban growthin Lagos Island
Declining values oRR?from 0.34 in 1984 td®.20in 2015 and low positive autocorrelation
values observed clodeto the city centrendicated a monocentric structure moderately
altered by fragmentation of the landscapdt also indicates the diffusion of urban
developmenthrough the process of land expansion at the fringe of the ISTdredresults
showed that urban growih Lagos Islands aproduct of seHorgansation an indication of

complexityin the structure of the landscape of Lagos Island.

The application of Mor an orsgrowthpattermprovides agoosl t o t
opportunity to measure and explain compadcr@snuclearity in urbagrowth. However, an

inherent problem associated with the technique is that it is difficult to determisedbiic

dynamical processes influencing urban growth pattern. In the getion, attention is

focused orthe quantitative description of urbamayth patterns and processes using spatial
metrics Spatial metricsare potent toolsn determiningthe specific spatial and temporal
complexity inherent inurban growth They are useful tools in understandititge urban

structure andleveloping measures for urban planning design
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Table 5.2. Urban growth patterns at local levels (wards) in Lagos Island

Ward 1984 2000 2015

= =+ Kk & 5k & F5 Ik
Al 0.34 041 0.68 -0.15 -0.11 0.91 -0.20 -0.16 0.88
A2 -1.11 -1.96 0.05* -1.01 -1.88 0.06 -1.04 -1.90 0.06
A3 0.04 019 085 0.01 0.14 0.89 0.04 0.18 0.86
B1 0.02 0.17 086 0.11 0.39 0.70 0.26 0.61 0.54
B2 -0.05 0.03 098 0.16 0.67 051 0.28 1.00 0.32
B3 -0.43 -0.85 0.40 -0.19 -0.33 0.74 0.11 0.37 0.71
C1 -0.01 0.07 0.94 -0.09 -0.05 0.96 -0.17 -0.17 0.86
C2 -0.02 0.10 0.92 0.02 0.22 083 0.07 032 0.75
C3 -0.06 -0.01 1.00 0.11 045 0.65 0.26 0.85 0.39
D1 -0.02 0.09 093 -001 0.12 091 0.05 0.25 0.80
D2 -0.19 -0.25 0.80 -0.04 0.03 097 0.01 0.13 0.90
D3 -0.32 -0.27 0.79 -0.12 -0.07 0.94 0.02 0.08 0.93
El -0.02 0.06 095 0.01 0.12 090 0.06 0.26 0.79
E2 0.00 0.15 0.88 0.02 0.19 0.85 0.10 0.43 0.67
E3 0.07 0.23 0.82 -0.05 0.02 099 0.02 0.14 0.89
F1 -1.16 -1.15 0.25 -0.32 -0.30 0.77 -0.02 0.03 0.97
F2 -1.16 -1.15 0.25 -0.32 -0.30 0.77 -0.02 0.03 0.97
Gl -0.04 0.03 0.98 -052 -0.89 0.37 -0.52 -0.89 0.37
G2 -0.96 -094 0.35 -2.06 -2.23 0.03* -2.20 -2.31 0.02*
Source: Authordos analysis, 2018
Note:

Lk=Mor anbés

L k=7 score.

|l ndex

|k, = Pvalue (Significance level at 0.05 percent)
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5.3 TheIndicators of complexity in urban growth

There are several dimensions of complekiturban growthIn chapter twpfour dimensiors

of complexity in cities wereadiscussed. These include definitional, spatial, temporal and
taxonomic complexityHowever, Boeing (208) providedmore comprehensive dimensions
of the complexity of urban growthincluding temporal, visual, spatial and sttural
complexity. Temporalcomplexityrelates tohow processe and behaviar change over time
and inspace Visual complexityin urban growthconcernghe human perception dhe built
environment Spatialcomplexity relateto the physical patterns of the landscape in terms of
diversity anddispersion. Structuratomplexity relates to the fractal structuaad network
pattern inthe urban landscape. Fractafers to the roughness dadself-similarity of some
object, and how its detall relates to theale at which it is observebletwork complexity
referstothec i t y 0 & orgamizat®n, connectedness airdulation

Decisionmaking complexity is another dimensiohcomplexityidentified inurban growth
Decision making complexity relates the componentsprocesss and agents involved in
decisionmaking (Cheng, 2003)Visual cmmplexity and complexityin decisionmakingare
difficult to measure due to the complex patterns of behaviour manifestedibysvactors in

theurban landscape.

The ndicata of urban growth complexity refeto the particularindices usd in evaluating
various dimensions of complexityJsually, they are referredto as spatial or landscae
metrics. Herold, Clarke and Liu2003) defined mgatial metricsas fiquantitative indices
calculated from aategoricgl patchbasedrepresentatiorof the landscape from the digital
analysis of thematicategorich maps dhesemetrics are powerful in quanting urban
dynamics spatiemporally (Aithal and Sanna, 2012yhey are seful in explaining the
structures of urban builip areas (H®ld, Scepan and Clark2002),identifying the drving
forces of urban growth anehderstandinghe spatial structure of land cover change (De Cola
and Lam, 1993; Mandelbrot, 1983; and Xia and Clarke, 198af)ous researchescluding
Aburas et al(2016; Ramachandra et al2012; Prastacos, Chrysoulakis and Kochilakis,
(2012; Triantakonstantis and Stathak{2019; and Kim and Batty,(2011) are among the
few that hadsuccessfully usedpatial metricsin explaining urban growth patterns and

processes.
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The analysis othe patterns and processes of urban growth in Laglasdsvas further
extended by conducting spatial analysis in GIS using FRAGST¥&sion 4.2.1)
FRAGSTAS ispublic domain software that is specifically developed for spatial pattern
analysis and for the quafication of the landscape configuratiofhe data sets used to derive

the spatial metrics were the classified Landsat TM imageresented in chapteodr. The
imageries consist of four landcover types namely;built-up areas open surface,
vegetationgreen agas and water bodi¢see ages 104106). In FRAGSTATS metrics wee

grouped according to the aspect of landscape pattern measured. There are essentially six
groups of metrics namely; area and eagggregationcore area, contragghapeand diversity

metrics. Within each of these groups, metnese further grouped into patch, class, and

landscape metrics.

The basic unit of analysidor spatial metricsis a patch. Bcrete areas ofimilar
environmental condibtns are refered to as pathes (McGarigal, 2004 2013. They are
classified based ottne land coveror landuse typesThe patch dynamics (the spatiotemporal
changes within and among patchesglke up a landscap&hree possible states in which a
patch can exisiare the potential, active ordegradedstate. The ptential state can be
transformed into active patches through colonization of the jpgtctheractive or degrading
patches. Patchésmansformedo the degraded state whigns abandonedyut may be rewied
through the recoveryprocess The development process the urban landscape mdik or

separate patchfrom other patches

In this researchtemporal, spatial and structur@mplexity of urban growth we evaluated
and discussedoth visual andlecisioamakingcomplexities wee not considered due tbhe
inherent difficulties involved in measuring therwnd that is not limited to this research
There are more than one hundred spatial metdcameasurig complexity inthe urban
landscapehowever the selection of metrickor this researchvas guided by their purposes
and proven capabilities in quantifying specific landscape characteriagdgentified in
previous resarches.Full descriptions andalibration of eachvariable were provided by
McGarigal (2015) and arpresented in table 5.3 adopendix II. Their applications to the
explanation of urban dynamical patterns and processes disessedn the subsequent

relevant sections.
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Table 5.3. Measures of Complexity in Urban Growth

S/N Metric Abbreviation Description and uses

1 Patch Area AREA Theareas of each patdomprising a landscape mosaic.

2 Class Area CA A measure of landscape composition

3 Percentage of landscape PLAND Measurethe proportionatopiousnessf each patch type in the landscape.

4 Number of patches NP A measure of landscape fragmentation

5 Patch Density PD Assist in differentiatindandscapes of varying size.

6 Patch Richness PR The rumber of patch type&lasses) in the landscape.

7 Si mpsonés SIEI Quantifies thedlominance o& particulapatchtype

8 Clumpiness Index CLUMPY Measuregpatch aggregation.

9 Largest Patch Index LPI Used in identifying and measuring domingatch typesnd the level of aggregation

10 Edge Density ED A measure of shape complexity of the patches or geometry of the patches

11 Shannonods SHDI Used in determinintghe proportional abundance of each patch.type

12  Shannon Evenness Index SHEI Quantifieslandscape fragmentation

13 Contagion Index CONTAG Measuresggregatiorof patches

14  Patch Cohesion Index COHESION Measure and describes the level the physical connectednegaggregationor
fragmentatiopof the corresponding patch typethelandscape.

15 Fractal Dimension Index FRAC A measure of complexity itheurban landscape.

16  AreaweightedMPFD FRAC-AM Determinesthe areawnveighted mean value of the fractal dimension values lo
patches ira land cover class.

17  PerimetetArea RAC PAFRAC A measuredf complexityin thelandscape

Source: MacGarigal, 2015
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53.1 Evaluating spatial complexityin Lagos Island

Spatialcomplexity relates to thstructural composition or physical pattern of thedscape.

Several measures of spatial complexity in urban grdvetve been identified ithe literature
howeverthe mostrelevantonesinclude Number of patches (NPRatch Area (AREA),
Percentage of landscape (PLANDatch density (PD)PatchRichness(PR), Si mpsonoés
Evennesdndex (SIEl)and the Total (Class) Area (CA)Yhese metrics were groeg into

patch, class and landscape levelsaccurate and convenient analysis of the landsdapée (

5.3 and appendix ffor full description and analysis)

Table 5.4 55 and 56, present the result of the analysis of spatial complexity in the growth of
Lagos IslandNumber of Patche§NP) measures the level of urbanizatidme lower the
number of patcheshe higher the level of urbanizatieand consequentlythe higher the
complexityin the landscapaVhen there i®nly one patch of the corresponding patch type
the landscape, NP = 1, indicating that the landscape bast@uous patternAt the patth

level (seetable 54), the builtup class has six patches in 1984, a single patch in 2000 and five
patches in 2015. This implies that the year 2000 there iscontinuity in the urbanfabric,
suggesting a contiguous compactpattern of developmenGrowth pattern between 2000
and 2015s discontinuousnd less complex ake numberof patchesncreasedo five. At the
landscapdevel, (seetable 56) the numbers of patches decrehse 2000 by 17.39% rad
increasd by 26.09% in 2015.

Similarly, & the class level, the area of buip class as shown in table 5.5 increased by
23.26% in 2000 and by 6.31% in 20T%his shows that the rate of urban expangietween
1984 and 2006s higherthan betweer2000 and 2015xpansion of urban area increases the
level of complexity in urban growth, as more actors are brouglward inthe development
proces. Further analysis of table.4 shows that men surface increased by 53.86% between
1984 and 2015, green areas decreases by 61.79% and the water clasedrzye242.5%
between 1984 and 2000 but decreabgd35.77% between 2000 and 2015. The increase in
open surface class and the decrease in green areamg@sbecauseof continuous land
reclamation process at the fringe of Lagos Island. Increase inethe @frwater class between
1984 and 2000 may ldueto the activities of coastal erosion, however as land reclamation
through sand filling for urban development increasspidly, the water class is gradually

given wayfor other class, most especially b class.
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Table 5. 4. Urban Landscape Sructure in Lagos Island (Patch level 19842015)

Patch Areas

No of patches (NP) 1984 2000 2015

1 350.51 438.43 437.72
2 2.02 - 0.18

3 1.29 - 28.24

4 0.32 - 0.18

5 0.81 - 0.09

6 0.73 - -

Total 355.68 438.43 466.41
SourceAut hor 6s analysis, 2018.
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Table 5.5. Urban landscape structurein Lagos Island (Class level19842015)

YEAR CLASS Class Area (CA) PLAND NP PD
1984 Built up 355.68 70.10 6.00 1.18
Open Surface 32.12 6.33 11.00 2.17
Green areas 119.20 23.49 6.00 1.18
Water 0.40 0.08 4.00 0.79
2000 Built up 438.43 83.74 1.00 0.19
Open Surface 33.66 6.43 9.00 1.72
Green areas 50.12 9.57 8.00 1.53
Water 1.37 0.26 5.00 0.96
2015 Built up 466.41 82.17 5.00 0.93
Open Surface 49.42 0.19 9.00 1.67
Green areas 45.54 8.47 7.00 1.30
Water 0.88 0.16 8.00 1.49
SourceAut hor 6s analysis, 2018.
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Table 5. 6. Urban landscgpe structure in Lagos Island (Lands@pe leve] 19842015)

Year TA ED NP PD PR SIEI
1984 507.41  47.87 27.00 5.32 4.00 0.56
2000 523.58 33.70 23.00 4.39 4.00 0.60
2015 537.53 30.51 29.00 5.40 4.00 0.41

SourceAut hor Gss20BBnal y s
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Similar to the total class area (TA) is the percent#dandscap€PLAND) that measurethe
proportionalabundancef each patch type in the landscap&AND is a relativeneasure of
landscape compositiomseful forcomparing landscapes of varying sizesr builtup class,

the PLAND is 70.10% in 1984, 83.74% in 2000da&2.17% in 2015, indicating both
significant changes in the built landscape and its dominance in Lagos Islam@hse in the
values of PLANDfrom 1984 to 2015 evidently revealed a more fragmetdadsape of
Lagos Island. The Patch density is a measufrdragmentation in the urbanized area
(Prastacos, Chrysoulaki and Kochilakis, 2D1Recreasing values of PD implies fewer
patches It alsoindicatesthe land use continuity. Howevea, higher value indicates more
patches, spatial dispersion and disamunty in the urban landscape. The results showed that
patch density (PD) for bu#tp class decreases by 83.89% between 1984 and 2000 and
increased by 389.47% between 2000 and 2015. The values of PD obtained showed a
contiguous pattern between 1984 and®Qfut a discontinuous pattern of growth between
2000 and 2015.

Boeing (208B) had shown thaSimpson Evenness Index (SIE$) also a goodneasure of

spatial complexitySi mpsonds Evensameasurk atitversity to(dStérriine)

the urban landscape physicabmpositionrather than the shape. It determines the level of
dominance of a particular class on the landscape vahes of SIEI are usuallobetween 0

and 1. The less diverse or evenness the landscape is, the lower thd-ordeagos Island,

the value ofSIEl in 1984 is 0.57. lincreased to 0.60 in 2000 addcreased to 0.41 in 2015.

This result suggests that the landscape is more diverse, contiguous and complex between
1984 and 2000 than between 2000 and 2015.

In the next setion, attention is turned to the determination of the temporal complexity in
urban growth. Temporal complexity relates to the dynamical processes influencing growth in

the urban landscape.

53.2 Measuring temporal complexity of urban growth in LagosIsland

Urban growth is dynamic and a product of the combination of different procdsses.
landscape ecology, the analysistemporal processesge. the operation othe temporal
process in a spatial contaxty be achieved in two levels; first at thelgdl (landscape) level

andsecondat the local (class or patch) level. At the landscape level, the analyssniake
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account the entire area of interest, howeaethe local levelthe neighbourhood is the focus
of the analysis. Fragmentation, pertowa, diversification, aggregation and simplification are
some of the processes that operate at the landscape Advéhe local (class leel),
contraction,domination invasion, stability and successioare majorprocesses growth.

These processes drigghly dynamicalin space and time

Measuresof temporal complexity in urban growth are derived from information theory
propounded byshannon(1948). The theorgmphasizeshat the more types of things there

are andequale ach typeds prce sothetlessopnedidtable theutype af rany

single object will be. Entropy is lowest when the system is highly ordered and thus
completely predictable. | t eriissmatimizgd (Baeing, wh e n
2018).

Metrics developedrom S h a n nemtropysp ar t i c ul a r Diversitys(BHDh) rmammdn 6 s
S h a n nBvenaess(SHEI) indexeshave been recommended as measures of temporal
complexity in urban growth (Boeing, 2018)part from trese two, other related metrics
useful in determining spatial procssesin the urban landscape areZlumpinessindex
(CLUMPY), Contagion index (CONTAG), Edge Density (E@@argest Patch Index (LPI)

and Patch cohesion indéROH) (Seetable 53 and appendix Il for their description and
calibration).All these were deployed to analysed and explain the spatiotemporal processes

influencing urban growth in Lagos Island.

Figure 55a-c present the result of the analysis of the temporal complexity in the landscape of
Lagos IslandThe largest patch indegtPI) has been identified asmaeasure of aggregation

and fragmentatiofPham and Yamaguchi, 201Reis, Silva and Pinho, 2015 akdu and

Dawvd, 2002. The LPI for the buikup classs presented in figure.5a, the figure showed that

there wasan increaein the value of LPI from 698 in 1984 to 81.43 in 201%&.alsoshowed

that the buikup class dominates the urban landscape between 1984 and 2015. The rate of
change in LPI for the bu#ip class is higher between 1984 and 2000 (an increase of 21.22%)
than between 2008nd 2015 (a decrease of 2.75%). This igraticaion that the level of
aggregation is higher between 1984 and 2000 than between 2000 and 20d&shbwed

that while aggregation was the process of urban growth between 1984 and 2015,

fragmentation was the process drivingban growth between 2000 and 2015The
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fragmentation of the landscape cannot be dissociated from the continuous effort to expand

land areas at the fringe are@ke result isimilar at the landscape level.

The ®ntagon index (CONTAG)is calculated based on the assumptiorthef random and
conditional probabilities that a pixel afpatch class is agacent to another patch classThe

index described the fragmentation of thedscapeAs a result, it is useful ideterminingthe

level of aggregation arlusteringof patchesn thelandscapgO'Neill et al, 1988)Complete
disaggregation of the landscape occurs WREDNTAG = Q howeverwhen CONTAG

reaches 10@he landscape becomes totally aggrega@&den an increse in CONTAG by

16.14% in 200Ganda decrease of 1.43% R#015as shown in figure .Bb, it may be safe to
say that the landscape is more aggregated between 1984 andhz@0betweer2000 and
2015.

Edge density (ED) measures the spatial distribution of land use by considering the size and
complexity of the shape/geometry of the patcles.Lagos Island, ED decreadesm 47.87

in 1984to 30.51 in 2015suggesting a more compact development throughoeess of
aggregation of buitp patchesThe Clumpinessindex (CLUMPY)is a measure of patch
aggregation (seappendix lifor full description) CLUMPY values atdndscape level shown

in figure 54c indicatedhat the buikup area is maximallgggregated. Thisorroborateshe
results obtained for CONTA@nd ED.In the same veirRatch cohesiomdex (COHESION)

(a metric that measures phgal connectedness of patchedtained for Lagos Island were
very high. At class level COHESION= 99.55 i@8Y4, 99.88 in 2000 and 99.70 in 2015 (see
figure 5.5b). The result is not different at the landscape levelinipkcation of this isthat
processs of aggregation of buHtp patches were higher between 1984 and 2000 than
between 2000 and 2015. This unttedly was so because by the year 2008 land reclamation
processes had commedde the northwestern corner of Lagos Island at llubinrin to extend

the reach of the urbanised area.
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Fig. 5.5. Measures of spatial processes of urban growth in Lagos Island
Source: Field survey 2013/2014
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The extension of the urbanised area resulted in the creation of more spaces for new
development, which triggered off the process of fragmentation althougimetimal level.

SHDI andSHEI are allmeasures of dominanc8HDI = 0 when the landscapelessdiverse

or contains only 1 patclype. Whenthe number of different patch types increaseshe
proportionaland equitabledistribution of area among patch typescreaseqMacGarigé,

2015) the value of SHDIs equal to or greater thdn This alsoincreases the patch richness

of the landscapa&Vhen the value of SHD&And SHEI approaches the landscape becomes
more diverse and compleXhe value ofSHDI and SHEI for lagos Island is shown in figure

5.6. SHDI decreased by 25.97# 1984 and 2000 anaéreased by 5.26% between 2000 and
2015. Similarly, the value of SHEI decreased by 31.67% between 1984 and 2000 and
increased by 4.88% between 2000 and 20b&reasd value of SIEI indicatesurban
expansionThe landscape is more diverse and compktween 2000 and 2015 than between
1984 and 2000.

Given the foregoing, it can be concluded that at the later time {2008), the built
landscape of Lagos Island was more fragmented than between 1984 and 2000. Fragmentation
results in discontiguous (stated development) urban growth pattern. Discontiguous
development iselated to leapfroggind-eapfrogying is a form of scattered urban growth
disjointed patches of urban land uses, interspersed with green areas or open surfaces. It is a
process of urdn intensification whereby develegland leapfrog over undeveloped lafids

a condition wherebyal/elopment occurs at the remaining small lots after a city has reached

its peak of development in an infill procedsragmentation processes caused lanuisca
change and affect both the structure and function of the landscape. It breaks the éandscap
elements into smaller piecesidta feature obutlying growth or peripheral growth.

Outlying growth is a land transformation procassolving the extensionof the city
boundary.Three types of outlying growth may be identifigd the city namely;isolated,
linear branch, and clustered brandthe development of a single or mangndeveloped
built-up pixels (s) in a position in spacaway froman existing developeduilt-up pixel(s)
results in isolated growthlhis usually occurs iran urban landscape wheltdtle or no

developed langurroundsa newresidential housing structure or related development.
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Development along a new road or any other similar development that is generally surrounded
by nondeveloped land in a location far away from #adsting developed land results in
linear branch type of growth. This is also re¢eito as ribbon development, resulting from

the compaction of segments that exteldng a particular axideavng the interstices
undeveloped (Harvey and Clark, 1965). Ttlestered branch is characteristic of urban

expansion process in originally compact and dense cities.

The uban growth process in Lagos Island follows the cluster branch Glpster growth
pattern as identified in section 5.2 and.® have fractal patta and are results of self
organization.Fractal relates to the shape and physical configuration of a system is
perhaps the most applicable measures of the complekipmplex systemsn the next
section, the fractal nature of the landscape of Ldgland was examined for the different
time considered in this researnthdeterminghe specific spatial and tempom@mplexity of

urban growth

5.4  The fractal nature of the urban form

The use of fractal inthe urban analysis is relativelyecent; however, it has gained
prominence in describing the spatial pattern of urban growth and morpholdbe city.

Cities display complex order, characteristic of a fractal structure. Fractals are objects that are
independent of scale arade self-similar at all scalesThe analysis of the fractal nature of
urban form providesa synthetic measui complexityin the urban landscapdt proves that

the city has sel§imilarity. The presence of setimilarity indicates that therare unseen

hards (hidden processes) that operate at diffetené andscales to generaselfsimilarity.

The most populaway of analysing fractastructureis the derivation of theractal dimension

index.

Fractal dimensiorindex is a spacefilling extent measure.The description ofthe fractal

dimension indexand various methods of obtainimighad been discussed ahapter three,

section 3.4.2.2 of this thesiln object with a straighiine property would have FRAC = 1. A

2 dimensional or planar object will ha'’'RAC value > 1 and < 2. A threBmensional
structure would have FRAC > 2 (Tulek and Ja

the city will fil!]l up the whole plane (Tul ek
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Fractal Dimension Indess (FRAC) wereestimated for bgos Island usingFRAGSTASand
land cover mapgresented irpages 104.06. Otherindices derived from fractal dimension
including Areaweighted mean patcfractal dimension KRAC-AM) and PerimeterArea
Fractal Dimension (PAFRAC)vere added teexplain the fractal nature of urban form in
Lagos Island Thedescription and calibratiors these metricasrun by FRAGSTAS wee
presented in appendix [The fractal dimension indexes for Lagos Island waesented in
figure 5.7. At the patchlevel (figure5.7a), fractal dimension(FRAC) for the builtup class
was | 1. 00, thanhtdei buikh envinorgnent in Lagos Island for the years under
consideration have shapes tlaae highly convoluted and plane filling. This isuggesting
increasing complexity irthe urbanlandscapeThe weighted mean patch fractal dimension
(FRAC_AM) both at class and landscape leaglshown in figuré.7b also shows that the
landscape is highly compleas FRAC_AM for all the three yea($984, 2000, 2014are

1.0. Similarly, the perimetearea fractal dimension (PAFRACj)eveals the inherent
complexity in the shape of the landscaBecause therare less than 1patches at the class
level for some of theyearsconsideredPAFRAC isreturned zeroQ). However,for the built

up classat the landscape levas indicated in figure 5.7€AFRAC was found to be > This

is an indication of a convolutdalilt-up landscape in Lagos Island.

An ordinary mean value of fractal dimensiomex at the patch levajivesFRAC = 1.09 in

1984 1.14 in 2000 and 1.09 in 201bheseresults showedhat the perimeter of the built
landscapein Lagos Island increaseldetween 1984 an@000. It was morecomplex and
aggregatedhan between 2000 and 201Bcreasing fractal dimension is a reflectiontioé
systematic and reproducible compsptawling proces& further look at the restd in figure
5.7bshowed thaFRAC_AM values at class and landscape ledelsreased by 2.6% between
1984 and 2015PAFRAC valuedecreased between 1984 and 2000 by 9.02% and increased
by 0.82% between 2000 and 20Ihe decreasan FRAC_AM though smalland increase in
PAFRAC between 2000 and 20%bggest a smallscalefragmentation of alisorganized
built-up pattern in a highly dese urban landscape.

The changingqiumber of patches, patch area sizegpled with thevarying fractal dimension
over years indicatespatiotemporal dynamics ithe pattern ofthe urban landscape and
increagng complexity of the landscape of Lagos Islaftie result of edge densities (ED
obtained for all the years under consideration in se&i@ 2 attested to this fackD is an

index of land fragmentation that measures the spatial distribution of the land use by
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considering the sizend thecomplexity of the shape or geometry of the patches. Avalwe
ED indicatedfewer patches and compact shape, whereas large vadliegtethe presence of
many patches with simpler shap&se @mpact shape is characteristics aoaplex system
thatis non-fragmentable

The relationship between fractal dimension, area and tiemeexamined to further examine
thechange in the complex naturetbt urban landscape of Lagos Island. A graphical plot of

the relationship between fractal dimessivaluesand the ared extent of Lagos Islands

shown in figure Ba. The plot shows a perfect linear relationship betwéenaeighted mean

patch fractalimension and areal extent given an R? value of 1.00 and R6 significant at

p 1@t v This indicates thahefractal dimension decreases significantly with the increasing
size of the urban | andscape. The result co
(2013) who stated that the relatibatween area and its fratdimension is assumed strictly

linear.

A graphical plot of the relationship between fractal dimension indetheratea is presented

in figure 5.8a. The result shows that as land area increases, thapbarita becomes less
complex. The relationship between fractal dimension and time ismiegsin figure 5.8b.

The figure showed a dynamic spatial and temporal trend in fractal dimension intex of
urban landscape in Lagos Island. The Rz value of 1.00 andlRf at pvalue T8t v
showed that complexity in the landscape decreases significantly over time. As the dity built
up space increases and its borders expand, the land area becomes monaefdagmd
discontiguousFigure 5.8c showed the graphical plot of the relationship dmtwarea and
time. The relationship is perfect and positively linear with R? value = 1.00 and R = +1.00 at
p-value T8t &

Results presented in figure 5.8 indicate the continuous expansion of the highly dense and
compact land area of Lagos Island. Itoaghowed thathe fractal dimensiorindex could be

used not only to examine the growth of the city in the pasadatool to predict the future
development of the cityin the next section, the correlates of buijlt land arealangesand

the spatial péern of urban growthn Lagos Islandvas examined. This is in line with the
research objective three that aimedelaing the satellitederived estimates of changes in

urban growth to the physical and seeiconomic drivers of growth.
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5.5 Correlatesof Pattern of Urban Growth in Lagos Island
A general survey offecentliteraturein urban analysis anglanning showedhatmost studies

are concerned with the quantificationtbé spatial structurer physical patterof cities with
little attention given tdhe correlates ahe observed spatial patterriBhis research examines
the correlates of patterns of urban growttorder toidentify the specific factors influencing

the regularity oirregularity observed in the urban landscape

The determination of the correlatestioé spatial pattern ofirbangrowth in Lagos Island was
doneon two levels. First, a zerorder correlation matrix wadevelopedusing Pearson
product moment correlatiomethod in SPSSSee table 5.7)Urban growth pattern
represented bynte | oc al MbI3A3 abiaised forB0d5ewas used as the dependent
variable and land value, net population change, population density, road density, population
size tradingactivitiesrepresentedby the number of whole and retail businesses and distance
wereused as independent variabl€aereafter a stepwise regression analysis was performed

to determine the most important sceiconomic process driven urban growth pattern

The zereorder correlation matrix presented in table 5.7 showed that among all the selected
independent variables the most significant correlates of urban growth pattern were net
population changethe number of whole and retail businesses and populatfiensity.
Significant negative relationship found bet
change, number of wholesale and retail businesses and population density as indicated in
table 5.7 suggests that depending on the locality, urban growth nmagrbeor less randomly
distributed or more or less spatially clustered with increasing population density, trading

activities and net population change.

The result of stepwise regression presented in table 5.8 showed that the most important
factors influecingthe pattern of urban growth in Lagos Island were trading activities and net
population change. The stepwise regression model indicated a significant positive
relationship between these three variables (R= 0.66 at@d® ). It shows that the joint
contibution of trading activities and net population change to the explanatitwe physical

pattern of Lagos Island is about 44%.
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Table 5.7. Correlates ofthe spatial pattern of urban growth in Lagos Island

Variables LMi NPOP POPDENS TRADE
Local sNhdex @Mip 1.00 -47 -A48 - 48
Net population changd\POP) -47 100 67 -0.05
Population density by war(POPDENS) - 48 .67*  1.00 0.05
Number of wholesale and retail busineq§68ADE) -.48  -0.05 0.05 1.00

N 19 19 19 19

* Resultsignificant atp 05 level (2Aailed).
** Resultsignificant atp  0M1 level (2ailed).

Source: Authoroés analysis, 2018
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Table 5.8. Summary of Stepwise regression model of factors of urban growth pattern

Variables Std. Error  Standardized t P-value
7

Constant 0.49 0.59 1.19 0.25

Net population change 1984015 0 -0.46 -2.43 0.03

Number of wholesale and retail businesses 0 -0.53 -2.82 0.01

R 0.66

R? 0.44

F 6.29 0.01

DF -Regression 2

Residual 16

Dependent Variable: lma | Morands | ndex

Source: Authorés analysis, 2018
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The stepwise regression result in tablewas developed into urbagrowth patterrequation

in the form of;

0 ™Mwm@Eo00™m®AEYON0088888888888888888Bud

Whered is pattern of growth, NPOP is n@bpulation change, TRADE is number of

wholesale and retail businesses arsiochastic error.

5.6 Conclusion

In this chapter,an effort had been mad® consistentlymeasure andnalysethe complexity

of urban growth in Lagos Islartly using univariate statistiqgdloran 6 sandlspatial metrics.
Among many othethings,it had beerestablished that aggratgon and fragmentation we

the major processes driving urban growth in Lagos Isl&hd. @ttern of growth was found

to be a compacurban developmentproduced through a coalescence of urban -opilt
pathes. The examinatioof spatial heterogeneity ithe pattern of urban growth providexh
opportunity to identifyareasof urban development constraints intensively in need of urgent

planning interventions.

The quantitativeanalysis ofurban growth patterns, dynamigatocessesnd correlate®f

urban growthhas enabled a better comprehensioand reresentation of urbamrowth
dynamics. It hadbeen demonstrated this chapter thaih complex urban areas like Lagos
Island, where development is difficult to monitor and manage, the application of spatial
metrics for planning interventions will produce effective monitoring of the landscape and
help in developing strategies and policy interventions capable of providing sustainable
solutions.Since urban growth is a dynamical procestyrts were directed ahodellingthe

processes airban growthin the next chapter.
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CHAPTER SIX

MODELLING THE SPATIAL AND TEMPORAL PROCESSES OF URBAN GROWTH

6.1 Introduction

In chapter six,dynamical processes of urban growtlere analysedusing spatial metrics
However,the processes of land use transition weot consideredProcesses in this context
refer tothe sequences of change in urban land that occurred through complex spatiotemporal
interactions between various land cover/land use tygederstandindgand-use transition in
theurban area involvesxplicit modelling ofland coveland-usechangesThisis crucial for
effective urban planng) as it offerghe opportunity of thepossibility of developing scenario,
predicting the future and based on the outcomé&hefcenariodeveloped provide urban
policies for sustainable urban growth managemdiritis chapter sets out to achieve two
purposes. ifst to achieve the objectiveorcerning relating satellitederived estimates of
changes in urban growth to physical and s@donomic drivers, and second to test the
researchhypothesis that states that urban spatial expansion process is a function of physical
variables (distance, builty lot size and building height) and so@oconomic variables

(population growth, housing stock and housing demand).

6.2 Modelling processes of land use transition in Lagos Island
Land-usetransitionmodeling attemps to abstracthe processes of conversion of olaad
cover typeto another Particularly it involves modelling and analysitige conversion ofiorn
developedland to urban land The conversion from nedeveloped to urban landsually
increass the extentof the built-up area of the city. This often results urban fringe
development or development of a compleigher order phenomenocharacteristic of a

compact or clustered urban development.

There are everal approaches to modellitttge urban land use transiti. However, the nost
commonly usedre AgentBased Modelling (ABM) cellular automata modellingsfinblat,
Gilichinsky and Benenson, 2016i and Yeh, 2000 Wu and Webster, 199&nd Markov
chain stochastic modelling3éll, 1974; Cabral and Zamyatin, 200@umar, Radhakrishnan
and Mathew, 2014Petit et al., 2001 Rozario, @uor, Kotchman and Kangas, 200Mgeng,
2002) Others are theMulti-AgentBased modelling techniques atnke combination of
Cellular Automata and Markov probiéity model (CA-Markov). This researctadoptedthe
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CA-Markov, moddling techniquesfor the spatiotemporal modelling of urban growth
processesCA-Markov model isbased on cells and transition ruléishas the capacity to
represerga complex systergiven aset of rules and stategtivspatiotemporal behaviour. It
focuses on thespatial interaction among cells foroduce severaland cover/land use
categories.The technique is based on the assumption thatlathe@scape changean be
measured and predicted for time phonce the sysim state at timeis known.The state of

the system if stated as a vector at timey be expressed as;

////////////////////

where is the proportion of cells in typeat timet. If equation 6.1is projected to timé p,

the state vectds postmultiplied by the transition matriand then becomes;

~
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

() WUéééééééééééééééééééééééééééé 62

The state of the system can be projected into the futuredtim@by iteration through the

manipulation of thenatrix into a vector state;
W WD ééééééééeéeéeéeééééeéeé. 36

To model the processes of land use changeagos Island, the classified land cover maps
presented irchapter four (pages 1aQW6) was imported into IDRISI GIS. He stochastic
matrix, matrixes of transition areas, expected transition areas were calculated and the
moddling was carried oubased orthe classifiedmages for the year 1984 and 200Q The
image for the year 2015 was usedfor groundtruthing The numberof iterationsfor the
modelling exercisavas set tol6, with iteration for each yeaunder the prediction period
(2015 to 203). Kappa Index of Agreement (KIAp measure tevaluate the accuracy of the
modelobtained is 0.82, indicatg that the model is accurate. Tisultswere presented in
table6.1 and6.2. Table6.1is a squardransition matrix describing thehance®f a particular
land covertransitingfrom oneprobablestate to another. The older land cover classesn
the row, whilethe newer classeare indicated in the columihus, the rows showthe
probabilities of moving from the state represented by that row, to the other Fheesum of

all values in each row equals 1 such that;
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The trangion probability matrix shows that the probability that the budtclass will remain
unchanged is 0.79. The probability that buitt class will change to vegetation is 0.04 and to
open surface is 0.15. The probability that the vegetation class waitttarbuiltup class is
0.16, and to open surface is 0.48. The probability that open surface will change-tgpbuilt
class is 0.09 and to vegetation is 0.07. The probability that water class will change-t built
class is 0.6 and to open surface is @.Zhe predicedresults,as presented in tabél show
thatthe future land use transitionwill mainly include built-up clasgransiting tovegetation
and open surfacevegetation transiting to builip class and open surface, openfee
transiting to builkup, vegetation water to builtup and open surfase4.8% ofthe built-up
class will transit to vegetation and 15.49%tloé built-up class will transit to open surface.
About 17% of vegetation class will change to buft class ad there isa probability that
49% of vegetation class will change to open surface. About 9%teaurrent open surface
will change to buikup and 7% of it will change to vegetatiofhere isa probability that

about 67% of water class may change totiupland 22% change to open surface.

The state of the current (2015) land cover/land use pattern and the predicted patt@th (20
were presentenh table 62. Resultshow that the buHup class will losebout12.49% of its
current land area to othkamd use classes by 2031, amounting to about 0.55Km?2. Vegetation
class will gain 11.04% of its current size (about 0,05km?) thecbpen surface will gain
103.13% of its current size (about 0.49km?). Figbideshows the predicted land coverpna

of Lagoslisland and figure5.2 shows gain and losses by land cover/land use categories.
Although it is evident in figures.1 that the land cover categories will experience changes,
however the land cover pattern may not be significamtifferent from what it is presently
given the fact thabuilt-up class will still dominate thiand cover/land use categories. The
result indicates that the builpp classwill cover about 71.49% of the land area in 2031
Summarily, the major processes of urbaowgh in Lagos Island arprocesses ofand

transition particularlychange frormonurbanto urban land use type.
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Table 6.1. Markov Transition Probabilities

Class Built-up Vegetation Open Surface Water
Built-up 0.7962 0.0483 0.1549 0.0006
Vegetation 0.1679 0.3431 0.4891 0.0000
Open Surface  0.0966 0.0763 0.8271 0.0000
Water 0.6667 0.0000 0.2222 0.1111
Source: Authorés analysis, 2018
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Table 6.2. Current and Predicted land use pattern for Lagos Island by 2031

Areas in(Km2)

Class 2015 Percent 2031 Percent %Gain %Loss
Built-up 4396 81.69 3.847 7149 - -12.49
Vegetation 0.498 9.25 0.553 10.27 11.04 -
Open Surface 0.479 8.91 0.973 18.09 103.13  --—-----
Water 0.008 0.15 0.008 0.15 - o
Total 5.381 100 5.382 100

Source: Authoroés analysis, 2018
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6.2.1 Modelling the drivers of urban spatial (horizontal) expansion

The intensity of urban expansion, its pattern and directionsetil indicators that revetde
characteristics of urbagrowth It providesimportant information for policy development and
planning. Different physical and socieconomic drivers are driving urban expansion in
cities However measuringthe expansion of the city in order to determiig associated
driversmay be a bit challenging. A critical issue in this regard is wbastitutes the area of
the city (Wolman et al. 2005; Par2007), theadministrativeor the builtup area of the city?
The built area of the cityhave been observed to lemuch more prase, consistent, and
comparable measure of its ar@Angel, et al. 2005 herefore, the physical/spatial expansion
of the builtup areas of the city isonsideredasurban expansioim this researcfollowing
Angel (2005).

The determination of thdrivers ofurban spatial expansidollowed two stagesFirst, the
administrative boundas of the Islandfor the years 1984, 2000, and 204Bre delimited
and mappedrespectively Overlays of the administrative boundary map on land cover maps
were performed to estimate changes in theilt-up area of Lagodsland The uban

expansiorbetween 1984 and 20iasestimatedising;

. &)
~
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Where"Y'As urban expansion over a specific peri@ds a built-up land area at latter time,

@ is a built-up land area ahe initial period,”Y is the year athe latter period andY is the

year atthe initial period. Spatial regression analysis in ArcMap taodel the relationship
between the identifiedrivers of growthlater followed The review of the literaturethe
conceptual framework of the researahd data availabilityguided theselection ofall
variablesusedfor the spatial regression mod@ékble 6.3 showsthe operational definition of
variables used Specifically the dependent variable is tlextent of urbarexpansiorbetween

1984 and 2015The explanatory variablesre physical variables (including; distance from
the CBD, building lot aressin meter square and average building hgightd socieeconomic
variables (including; demographic variable represented by population growth, housing
variables represented by housing stock and average number of rooms used by households to

represent the demand for space).
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Table 6.3. Operational definition of variables for spatial regression modelling of urban growthdrivers

Variables Title Operational Definition

Measurement

Independent variable
Y YO The etent of ubanspatialexpansion
Explanatory variables

Physical variables |-

L 60"y Building lot area (m2)
L 600 Average building height
L 00 Distance from the CBIIh metres

Socioeconomic variablesq| for
Demographic Variables
L 0 "0 Populationincrease
Housing Variables
L 0'Y Average number of room used by houselmldvard

L oYY Housing stock by ward

Continuous

Continuous
Continuous

Continuous

Discrete

Discrete

Discrete

SourceAuthor/s analysis, 2@L
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The variables in table 6\8asstated as regression equation ardresse@s
YO | w600 600 00 w00 O6'Y OYY -88888888888 o

where;"Y'G the extent of urban expansiarto = regression coefficients and= stochastic

error term.

Table 6.4 showed he model summary of the spatial regressioranalysis A detaikd
examination ofthe tableshowed that themain driver of urban growtln Lagos Island is
population growthf 1@ YA © T8t p8This indicaes that as populationincreasesland
consumptionalsoincreases and consequentye expansion ofurban land The results also
showed thaturban expansion alsaespondspositively to the demand for spacg

™ & @ 718t ). It suggests thatraincrease in the demand for room by househuiid
result in more use of urban space and consequieictigase in urban land ae&imilarly, a
low but positive relationship was obtained betweaman expansiorand housing stock
¢ mdrtmrAod® 718, indicating an increase in thiate of urban exgnsion as housing

stock increases.

Besides population growth, housing stock and average number of rooms used by households,
the model showedhat urban expansion is inversely related Hailding lot area

™t A @ 18t p. This suggestshat wherebuilding lot area increasesurban expansion
decreases. This is possible in areas inhabited by the rich who buddaatively large

expanse of land

Although other variables were foumbt statistically insignificant, howevethey provide
understanishg about urban growth process in Lagos Island. A positive but insignificant
relationship between average building height, distance to the CBBhanektent of urban
expansiorsuggest possibility of horizontal expansion accompanieddyertical expansin

in the nearest future. Thatbanexpansion increases with increasing distance from the CBD
suggests that urban expansion is occurring at the fringe area, particularly in areas that shared

aboundary with the sea.
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Table 6.4. Drivers of urban spatial expansionin Lagos Island

Variable Coeff.[a]  Std. t-Stat Prob. [b] Robust_SE Robust_t Robust_Pr[b] VIF [c]
Error

Intercept -1.621 0.196 -8.273 0.00+* 0.17 -9.33 0.00* e
Average building height 0.0aL 0.001 087 040 0.00 1.16 0.27 113
Building lot area (m2) -0.04 0.01 -3.95  0.00** 0.01 -5.66 0.00+* 167
Housing stock by ward 0.0003 0.0002 1.83 0.09 0.00 2.26 0.04 1.26
Distance from the CBD in metres ~ 0.00004 0.00008 0.54 059 0.00 0.64 0.54 1.52
Population growth 0.98 0.12 8.21 0.00** 0.15 6.68 0.00+* 1.29
Average No of room used by househol 0.22 0.06 435  0.00** 0.05 4.79 0.00+* 1.18

AICc =-2.53, Joint FStatistics = 19.95** and Wald Statistics = 143.69
Dependent variable: Urban expansion intensity * Significar@.@b level

SourceAut hor 6s anal ysi s,

2018
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Given heforegoing,it may be safe to conclude thte most significantirivers ofurbanspatial
expansionin Lagos Island are soceconomic processes, which are principally outcomes of
human decisions that resulted into emergentgnas ofthe urban landscap&esults presented

in Table 6.4 weraleveloped inta model ofurban growthdriversfor Lagos Islandn the form

of;

YO p@cpr@inepd O ™WiTid Y Mt TA® PO TR Y T8 IiosYY -8 ¥

Theresult ofthe OLS diagnostic for the spatial regression maddicated thathe adjustedr-
Squaredis = 0.86 and Akaikes Information Criterion (AICc) =2.53 with Joint F and Wald
Statisticsof 19.95 and 143.68tp O . Dhis hdicateghatthe model is statisticallgignificart
andis perfectly fit.

A critical view of theresultpresented in tablé.4 showedhe influence of physical and so€io
economicprocesses of urbagrowth atthe macro scaleHowever,the effect of locality orthe
strength and intensity of eagitoces of growth was not examinedThe ncreasing attention
being paid to the role of locality in urbgnowthanalysisin recenttimesnecessitates the need to
give considerable attention gpatial heterogeneity in modelling and predicting urban growth.
Therefore, m the nexisection the issue of spatial heterogeneity in urban gromdl considered.
The aim is tadiscover andletermine thespecificsociceconomic processes of growdperatirg

atlocal levelsin Lagos Island

6.2.2 Modelling spatial heterogeneity inurban growth

Urban processes often exhibit patterns of spatial heterogeneity (Paez and Scottl.i20d)
Reynolds (1994) d e f i ntha compexdty ana Varialiliept s systegre ne i t y
propertyin space dt represents the condition in which the structure of the processes being
modelled varies across spadeotheringham et al.(2002) called it spatial norstationarity

Several spatial statistical methods had been developed to examine and model spatial
heterogeneity in urban analysislowever, me of the most recent and populais the
Geographicaly Weighted Regressiaechniqug GWR).
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GWR is a statistical techniqueroposed by Brunsdon et al. (1996®) model complex spatial
variationat the smallest unit (local level) of spataialysis.The techniqueassignsweights to
individual observationbased on theigeographical distance fromcantral location (Q)based on

theconcept of dimncedecay The GWR model takesé form of;
w Ko s e e, ...,
yo—akzlxokbk(00)+eoeeeeeeeeeeeeeeeeeeeeeee.(6.8)

where sukindex O indicates a focapoint (city centrg that needs not corresponal an actual
obsevation of y (Paez and Scott, 2004The error terms assume the usual conditions of

independence and constantigsace(Paez and Scott, 2004).

Equation 78 can also be written as;

@ 1 o I O/ GF -888888888888888888 ¢

Wherel 0O equals thecoordinates ofith point in space andf 0 indicatesthe
existence of the continuous function at point | (Fortheringham et al., 1998). The existence of
continuous surface of parameter values enables the measurements of the surface poiogstain

to denote the spatial variability of the surface (Murayama, 20G2)R model predicts the
dependent variable atwith the local coefficients 6 h) that are specific to the same point.

The prediction using locakgressiortoefficientstakethe form of;
@ T o0 wy
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where® is theith row vector ofX. In the vectoimatrix notation, the GWR prediction may be

written as;
W Dééééeéeéeéeéeéeéeéecéeceéeceeeeeeeé. pb11)
where thdth row of matrix 'O "Q is expressed as;
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The matrixtransforming the observations into gitions is referred to as thatmatrix(Karen,
2008)

Theuse ofgeographically weighted regression (GWRa relatively new developmernitn urban
growth analysis GWR makean observation at a given neighbourhood, to provpdeameter
estimats for every regression point (local levels). Thimakes it an indispensable tool in
understandingurban growth process at local levels It had been noted that thgarameter
estimategproduced by GWR modeF characteristically mappecan highlight spatial variation
(Mennis, 2006) produce maps that are didacticto assistpolicymakers, anduseful for
summarizinga large amount of data generated®WR modelling procedur@éCho et al., 2009).
Partridge et al.(2008 had used gographically weighted regression (GWR) investigate
geographic diversity in urban amdgional growth It has been usetb model urban spatial
structure(Noresha and Raini2009),the probability of urban lanéxpansion(Luo and Wei,
2009)andurban land use chang@¢oresha, Gairola and Talib, 2010

To model local variation®f processe®f urbangrowth in Lagos Island, GWR modelsene
estimated inthe ArcGIS environment using all variablpsesented in tablé.3. For the modelling
exercise, daptive kernel type and a bandwidth method of Akaike InformaBaterion were
chosen. It wadelieved thathe GWR model with a smaller bandwidth kermdlectively fitsthe
datathan thosewith a larger bandwidth kernéKaren 2008). Monte Carlo tests (Fotheringham

et. al.,, 2002) were also done to determine the significance of the spatial variability in the local
parameter estimateslhe results including the model summary and the locatispecific

parameter estimatésr processes of urban growthere presented in tables6

A detail examination and comparison bétresults of therdinary least square spatial regression
modelpresented in table 6ahdthat of GWR modelgpresented in table 6 $howedthat the use
of GWR has increased the strength of the relationstmpngthe variables used.The goodness
of-fit statistics (R), Adjusted R? value an@ICc improved significantly. The GWR model
produced arR? value of 0.93and adjusted R? value of 0.8&hich make the model more

statistically fitand morerobustfor theexplanatiorof urban growthprocesssin Lagos Island.
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The Akaikeinformation criterion (AI€) measurstherelative quality ofa statistical modetfor a
given set of data. It providesrelative estimate of the information lost when a given model is
used to represers certain process that generates data usdtle modelling processhereby
deding with the tradeoff betweenthe complexityof the modelandits goodness of fitAICc is

not an absolute measure of goodness of fitibig useful for comparing models with different
explanatory variables as long as they apply to the same dependent vartablAICc is

expresseas;

606 @Yo ¢ éeeeéeééeeceeééeeeeé. 613

where SupLis the loglikelihood of the model representing its degiefit (if the model fit
better;2SupLbecomes smallgrq represents the model totghrameters andll representshe
sample siz€Karen 2008) AICc value of 39.05 obtained for the GWRodelindicated a better
model than the OLS modeA randomly distributed residumlobtained, indicated thahe
residuals wes not spatially autocorrelated, as a resbh# model can be adjudged statistically fit.
Similarly, aMonte Carlo test of the GWR modghows that four of the six variables used in
modelling drivers of urban growth demonstrated statisticafpificant spatial nosstationarity
atP 0.05.

The interceptfonstant parametén the GWR modetletermines the basic level of urbgrowth
change without the effects of all the fact@mnsideredacross the study area (Huang and Leung,
2002).In table6.5, the intercept value is negative and higher in ward-EB&) and lowest in

ward C3 {0.74), these are the basic level of changes in urban spatial expansion in Lagos Island.
The local R? is higher in ward E2 (0.915) and lowest in ward C2 (0.804). The local regression

model obtained for drivers of urban growth in ward E2 may be expressed as;

G P TBIHOO TBIE DY TBIDO p8ip O TR HY TBIOYYEE . 6.14)

Thus,the GWR models providan opportunity to examine and explainivers ofurban growth

from the local dimasion.
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Table 6.5. Local Procesg&sof urban growth in Lagos Island

Ward Observed Intercept Local R2 Predicted
Al 0 -1.41 0.86 0.01
A2 0 -1.51 0.88 -0.05
A3 0 -1.51 0.88 -0.02
Bl 0.1 -1.57 0.89 0.18
B2 0 -1.59 0.89 0.05
B3 0.1 -1.43 0.87 0.01
C1 0.06 -1.33 0.4 0.06
C2 0.06 -1.17 0.80 0.07
C3 0.2 -0.74 0.8 0.19
D1 0.1 -1.23 0.87 0.13
D2 0.3 -1.46 0.90 0.4
D3 0.19 -1.49 0.91 0.33
El 0 -1.41 0.85 -0.14
E2 1.35 -1.68 0.2 1.17
E3 0 -1.53 0.88 0.14
F1 0.13 -1.65 0.91 0.10
F2 0 -1.54 0.91 -0.06
Gl 0.45 -1.62 0.91 0.58
G2 0.84 -1.59 0.2 0.8
R2 = 0.93, R? Adjusted = 0.85, AlICc = 39.05

SourceAut hor 6s analysis, 2018
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The parameter estimates (coefficients) of @&S modelobtained in secti®6.2.2indicated the
strength and weakness alf sociceconomic processes that drivéban growthn Lagos Island.
However,areaswhere they exert influencesgre not indicated. A better understanding of urban
growth dynamics will be gained if local processes of urban growth could be identified and
explained. Modellingurban growthusing geographically weighted regression method esable
the identification of the local processes of urban growth through locatialegdendent data

usuallygeneratedby the model

The local parameter estimates (regression coefficient values by each wpidtia the model)
are important locationdldependent data generated by GWHRis set of data is useful in
explaininglocal urban growthAs observed by Mennis (2006),aps generated frorhe data
provide a reliable means @xploring and intgreting Iacal spatial nosstationarity (Mennis,
2006) The parameter estimates frahe geographically weighted regression model dowers
of urbangrowth in Lagos Islandare presented in figur6.3-6.8. Higher parameter estimate
means that the effect af particular variablés higher inthe corresponding localityompared to
otherlocalitieswithin the study arefHuangand Leung, 2002).

Detail examinations of the figures show that there is variation in the way each of the variables
exers influence onurban growth in Lagos Island. Some variables heweder influence than

othes does.For example housing stock, population, distance to CBDaaraverage number of
rooms used by househslbavea wider influence on urban growth in all spatial units tmzide

up Lagos Island. However, a closer examination reveals that housing stock has more influence in
ward C1, B1, A3 and B3 than in any other ward. Population increase has more influence in ward
A2, A3, B1, B2, E2 and F1. Average number of regmerhousehold has great influence in ward

E2, G1, G2 and F1 and distance to CBD @aypminant role in explaining urban growth process

in ward Al, D1, G1, D3 and FBuilding lot area exerts more influencethe traditional areas
(areas occupied by indigesjeand significant pastof LICBD than in any otheareas; however,

its influence is very higlin ward C3 than any other wartihe influence of building height is

more felt in ward D1, D2 and D3.
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Fig. 6.3. Local influence of building height on urban growth in Lagos Island
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171



3°23'0"E 3°23'30"E 3°24'0"E 3°24'30"E
6°28'0"N L . 1 L . 6°28'0"N
S
6°27'30"N+ -6°27'30"N
6°27'0" N -6°27'0"N
Legend
NEW_Ward_bdry
C2__ BLOTAREA
. -004
. -0.03--0.04
P -0.03
6°26'30" N+ -6°26'30"N
-0.02 --0.03
- 0 0.25 0.5 1 Kilometers
- -0.02 Y N T T NN NN S M
1 1 1 1
3°23'0"E 3°23'30"E 3°24'0"E 3°24'30"E

Fig. 6.4. Local influence of building lot area on urban growth in Lagos Island
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The mapping of local parameter estimates as presented in figure ®@&igovery useful in
locating areas that require planning interventions. It offers opportunities for sustainable
growth management, as factors operating at different local levels may be quickly identified

for urgent planning intervention.

6.2.3 Predicting local urban growth pattern in Lagos Island

Future local urban growth patterm Lagos Islandwere indicated in the predicted results
presented irtable 6.6. The results showed that theveuld be future variability in growth
pattern across spaca@part from ward A2, A3, E1 and F2 who are likely to experieace
decline in their spatial extent, future expansion will be experienced virtually in all other
wards. Howevera significant expansion will be recorded in ward E2 as the predicted rate of
chang in its extent is the highest (1.17). Similatlye future rate of expansion in ward G1
and G2 will be p8©B3

The implication of the above is that significant portaf Lagos Island may be inundated

with water in no distant future, particularly inig era of climate change and globalrmang.

It, therefore,becomes pertinent that precaution must be taken considering the rate of
incurson into the sea and the Lagoon, fand reclamationLagos Island being almost
surrounded by watas highly vulneable to pluvial and coastal flooding; hence it is advised
that government, planning agencies, developers and individuals must adhere strictly to
environmental planning regulations to avoid future disaster and to ensure environmental and

human safety.

6.2.4 Spatial logistic regression modelling of urban growthn Lagos Island

A cardinal objective of this study is assesment of thefuture growth of Lagos Islandin
order to suggesappropriate planning strategies for thaure Prediction of futureurban
growth trend and pattern ucial for urban planningdowever because urban growth is a
complex spatial and sociatonomigphenomenon, its distribution follovedogistic function.

In logistic regression modeldichotomous/binary variables ansedasa dependent variable
while the independent variables can be a mixture of binary and continuous vaiGilokss.
the nature of urban growtlthe most appropriate technigder its analysisis logistic

regressionLogistic regression estimates a tiplé linear regression function defined as
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AE— DT D T O ET @ oot (6.15)

Where p, is the probability ofan event occurring (in this case urban expansidh).
probabilities ofurban growth at each spatial unit (ward) are to be predictecthieelogistic

regression equation becomes;

"""""""

0 = ,0 N péééeéééeéeéceéeéeé (619

A logistic regressiomodel was developed for Lagos Island by testing the sixth hypothesis of
the research. The hypothesis states that probability of change in urban growth (spatial
expansion) is a function of physical variablgsokimity to water bocks distance and
building lot size) and social economic variables (trading activities, net population change,
rate of change in housing stock dndilt-up area), a logistic regression model was obtained
using SPSSThe dependent variable; change in urbantigpba&xtent was obtained by
converting the velocity variation rate into dichotomous variables, taking two values such that
WM Tip with & pif there isachange in spatial extent add Tif there is no change.

The block model of the logistic regressiaas obtained usingroximity to water bodkes as

the only variable. The model produces;

ae— | TMo&éééééééeéeéééeeéeéééee. .. .61, ...

which in turn produces an odd rati®@ wfiy of 1.714 indicating that if any of the spatial
unit (ward) n Lagos Island is randomly chosen, it is 1.71 times more likely to experience

growth than not. The probability of growth occurring is estimated by the model given as;

0/l € @@ TR0

indicating that 63.2% of the wards were correctly classified and the classification from the
null model is 63.2% accurate.
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Table 6.6. Operational definition of variables for logistic regression modelling of urban growth

Variables Title Operational Definition Measurement
Dependent variable
Y 0 °Y'YH Probability of change in urban growth Categorical
Explanatory variables
Physical variables |},
L 000"y Proximity tothewater bodes Categorical
L 600 Building lotarea (m?) Continuous
L 00 Distance from the CBIIn metres Continuous
Socioeconomic variables| [F.f
L W'Y Number of whole and retail business Discrete
L 006 Net population change Discrete
L "0°Y0 Rate of change in housing stock Continuous
L Y6 Y'Y Rate of change ithebuilt-up area Continuous

Source: Authors analysis, 2018
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Table 6.7. Summary of the logistic regression model for urban growth

95% C.I. for Exp ( )

Variables Coeff. Std. Error
Proximity towater bodes (1) 4.11 1.92

No of whole and retail business 0.002 0.02
Building lot area 0.00 0.001
Distance to CBD 2.01 3.37

Net population change 0.00 0.00
Rate of change in housing stock -0.50 1.16
Rate of change in builip area 0.69 1.15
Constant -2.77 3.90

Wald
4.6
0.02
0.01
0.36
0.18
0.19
0.36
0.51

o
=X

P R R R R R R

P-value Exp( )

0.03
0.88
0.92
0.55
0.67
0.67
0.55
0.48

60.74
1.002
1.00
7.47
1.00
0.61
1.99
0.06

Lower Upper
1.43 2589.91
0.97 1.04
0.99 1.00
0.01 5540.66
1.00 1.00
0.06 5.91
0.21 18.97

Omnibus Test (LR)8 = 14.66**,-2 Log likelihood = 10.35, Cox & Snell R2 = 0.54 and Nagelkerke R2 = 0.74

SourceAut hor 6s anal ysis, 2018
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The performance of the logistic regression model can be ascertained if the percentage of the
accuracy of the classification increases witie addition of moreexplanatory variables
Therefore, the explanatory variables listed ihable 6.6 vere included inthe logistic
regressionmodel. Table 6.7 givesa summary of thelogistic regressionmodel The
Likelihood Ratio (LR also called theomnibus ést of the modelcodficients that show
whetherthe inclusion of the independent variablemntributes significantly to thenodelfit
gives a pvalue of less than 0.05. This indicagesignificant improvemenh the nullmodel.
The pseudo R values(Cox & Snell Rzand Nagelkerke RP which measure how much
variation inY may beexplained by thenodelindicatedthat the modelgives betweerb4%
and 73.5% of thexplanation on thgariation inurbangrowth The correctlassification rate
increased t089.%%. That the Hosmer & Lemeshow goodnes$fit is not statistially
significant suggesthat the modes highly reliable.

A detailed examination of the model coefficient shows that the most significant variable
predicting growth isproximity to water bodie§ t® PA @1 D Em8t v. The odds ratio
comparing the likelihood of ward sharing boundary wititer bodesto experiene growth is
higher than those that dwt. Wardssharinga boundary with water boes were 60.74times
more likely toexperiencea change in urban extent than otherseTdds of avard thatdoes

not sharea boundary with water baesto experiencea change in its spatial extenver a
ward that share boundary with water l&sds pj ¢ & 1= 0.02, indicating that thékelihood

of ward nosharingaboundary with water to increase in spatial extent &

Although the coefficients of other variables in the model are not statistically significant,
however a detail examination of the result provides important insightnegrowth process

in Lagos Island. The model showed tttat number of wholesale andted business by ward
hasa postive influence on urban growtithe odd of changgl.00)in urban growth increases
with the number of wholesale anetail businesses. This impliéisat the numbers of whole

and retail businesses arimportant predictor ourban growthTherefore an increase in the
numbes of whole and retail businesse&sll correspondingly resulin the increase in the
spatial extent of Lagos Islanbh a smilar way, urban growth increases witinincrease in
building lot area per square nter. However,for distancean odd ratio of 7.48ugges that

a unit increase in distan@vay from the CBD indicata probability ofchange in spatial
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extentby seventimes The same applies tbe net population change (odd ratio =1.00fan

therate of changeni built-up area (odd ratio =1.9).

However, given an inverse relationship between change in urban growth and rate of change
in the housing stock] T® Ttwith odd ratio = 0.61, areasjhere the rate of change in
housing stock isower are more likely to experieneechange in their spatial extertigure

6.9, shows the rate of change in housing stock by ward in Lagos Island. Rate of change is
very low mostly in ward D1, D2 and E3. It is very low in ward E3 because it is one of the
wardsbordering lagos Lagoon and thegexperiencingarapid expansion of their sizes in the

recent time.

Given the foregoing, it is not out of order to say that closeness to water bodyaplays
predominant role in the spatial expansion process of any given ISlaatitakonstantis
(2012) and many others hadbserved that the interface between land and water is very
crucial to the growth of an island. Water physically and symbolically conndatsissand
separates them from other places (Picornell, 20T#e dynamics of separation and
connectedness produced by different patterns of-\eatdr spatiality can profoundly affect
island urbanization processes (Pons et al., 2014; McHEnoyLucas, 204; Grydehgjand
Hayward, 204 all cited in Grydehgj, 2015).

Sinceabout 58% of the spatial units (wards) that made up Lagos Island share boundary with
water bodies (Lagos Lagoon and Lagos harbaunay besafe to concludéhat geography

will play a dominant role in the urban growfirocessf Lagos Islandhow and in the future

The result in table 7.%Was expressed irthe form of an equation to produce bogistic

regression model dheurban growth process for Lagos Islaasi

at— CEXTTP ROV OYMBLA OO ¢8tp@O m@ingyY T1BHOO

T FOYO T YO YY-6éeéééééééééeééeé. (6.19)
The logistic regression equation shows teknd cities tendo exhibita distinctive patterrof
expansion. Inrany area wheréhe city remains substantially restrictedeither the island or

the archipelago, land scarcity mitigates against sprawl, favouring instead piecemeal

accretions to the existing urban fabric or the decisive establishment of dense sdtedliten
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nearby landmasses. Asmmon tolslard cities, as Lagos Island grows in population, socio

economic and political importandé grows out over yearsnto the water too.

The probability that wards shariregbourdary with water bodiesn Lagos Ishnd aremore

likely to experienceanincrease in their extent is a signal thateris paribughere will bea

further extension of the land area into the Lagoon and the harbbigroccurrencewill
undoubtedly result in further fragmentation of the urlaawal. Therefae, there is the need for

a proactive policy and planning strategies that will manage future urban development such
that there will be synergy between transportation systems, the built environment and other
ecological components. This willnsure sustainable settlement and human security
particularly in this era of global warming, and changes in climatic variables that often
resulted in large scale flooding in urban coastal sareagos Island is notable for regular
occurrences opluvial flooding and coastal erosion. Future development must be guided in

such a way that the interaction between man and the environment is beneficially harmonious.
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6. 3: Conclusion

A fundamental achievemeaf this chapters theunderstanding anchodelling of thespatial and
temporal processes ofand usechangein Lagos Island Employing CA-Markov modeling
techniquein the GIS environmentit was foundthatland conversion processes, particularly the
transition from norurban to urban landrethe major processes of urban land use change and
consequently spatial expansion in Lagos Islahide examination of the various land cover
categories and their inteelationshipconfirmed thatficity behaves like a living organism and
respond tahe behaviour of individual independent and often smaller, more understandable sub
components that relate Wwibne another to produce emergent structure( Her ol d, Coucl
Clarke, 2005) The driving factors of urbatand use changin Lagos Islandwere principally
sociaeconomic processeparticularlythe increase in population and demand for spatehis
chapter, it had been demonstrated tiat geographically weighted regressiamdel (GWR)

could help planners in discovering specific locality the city, where urgent planning
interventiors would be needed Prediction using logistic regressi@mowed that poximity to
water bodiesvould be themost important factor that will shapbe future growth of Lagos
Island. Since occurrences of pluvial flooding and coastal erosioad become regular
occurrences in Lagosland,it is importantto put inplaceproactive measures thafll ensure

that theinteraction letween man and the environment is beneficially harmoniousder to

achievesustainable security silumans and settlement.
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CHAPTER SEVEN

URBAN VERTICAL GROWTH IN LAGOS ISLAND

7.1 Introduction

The last three chapters were devotetheunderstanding, quantification, analysis anaidelling

of the spatitemporal dynamics diorizontal (2Dimensional) growtim the city.Urbangrowthis

a complex spatiotemporal process thatolves bothhorizontal and vertical growth/ertical
urban growth is relatedto the vertical building growth (Lin et al., 2014\ ertical building
growth extends theirban builtup space upward through the constructiortadif or highrise
buildings. A tall buildingis a huge volume of builip space on a small footprititat may extend
to severahectaresabove the city surfacd ci t yé6s functions, its for
three critical variables that define its spatial orfdmagor, Benensomand Alfasi, 2016)As a
result, an examination of the vertical growth of the city becomes crucial afateeper
understanding of urban growth dynamiddis chapter began with the examination of the
historical trajectory of urban vertical developmentagos Island. It then procegtb examine
and «plain the geographicaldistribution of highrise buildingsand the pattern of building

heightsin Lagos Island

7.2 Historical trajectory of urban vertical development in Lagos Island

In the WestAfrican subregion, there is nowhere vertical urban development is more
pronounced than the Lagos Islahiany highrise buildings used as offices by both public and
private organizations distinctively define the skyline of Lagos Isla@hdeesignificant eras can

be identified in the vertical delopment of Lagos Islandhey arethe preindependence (1800
1950), independence (198060) and posindependence era (1960esent). The pre
independence era has two phases namelygmat trade phase (180@00) and the colonial
administration phase (19€®50).

The postslave trade phase was characterised by the Brazilian architecture brought by the
returnee slaves from Europe and America who are of Brazilian descent. The Bistylkan

buildings were usually made of two stey housesof brick with wide windows bright pastel
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colours with balcony grills, dormers, attic spaces gaiensThe windows were large with a
pointed Gothic shape. At the same period, the Siee@neansliving in Olowogbowo and
environs introduced row houses and built two storey buildings often with a shop on the ground
floor. The housewveredistinguished by their whitewashed stucco in@deutside and by large
wooden windows in bothhe front and bdcof the houseThe second phase was the period of
colonial administration. At this peripdhe British colonial architecturgrevailed. Structures
were mainlywide-roofed British colonial homes made lofjh pointed windows and attgpace.
Housing structue at this period was similar to the 1&tbntury houses of the English
countryside or prefabricated constructions with deep verandas and overhangindleavatest

building at the time was a six stosdyuilding located behind the prison on BrookeeStr

The independence era (19%5960) set the stage for rapid vertical development in Lagos Island.

The opening ofWestern House (18 storeys building) in 1958, Investment house, LAPAL (Lagos
Paris and London) house and the Independence house at independence marked the beginning of
vertical growth of Lagos Islandlhe construction of independence building was significan
becauseit was bequeathed to the country by the colonial administration to mark Nigeria
independence from colonial rule. The Western House was situated at Broad Street and has a
shopping mall, a huge office complex and residential quarters at thdhepdevelopment
marked a departure from the kind of housing structommerly in exisenceand signalled the

dawn of a modern Central Business District in the city of Lagiber tall buildings that
appeared in the late 1950s are Shell building (now Natibtouse) and Gop Bank house
(PrucnaiOgunsote, 2015).

The postindependencperiodis characterised biyvo phases. The first is the early independence
period (1960s1980s) and the second is the period betwket990s and the present time. At the
early independence period, Lagos Island witnessedpid increase in the number of tall
buildings Within the first two decades aftexdependencehere was an upsurge in the number
of highrise buildings on the Islandvirtually all government ministries, major financial
institutions, corporate organizations and large multinational organizations either hawresdigh

apartment or occupy space in most of the skyscrapers in Lagos Island.
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Table 7.1: Tall buildings and their characteristics in Lagos Island

Rank Name Year Use No of Height Average floor
Constructed Floor (Mts.) height (Mts.)

1 NECOM Building 1979 Public 32 160 4.0
2 Union Bank Building 1991 Commercial 28 124 4.0
3 Independence Building 1960 Public 23 103 4.0
4 CBN Building 2 2013 Commercial 19 100 4.0
5 SEC Building - Commercial 22 83 4.0
6 National Oil 1984 Commercial 23 83 4.0
7 Energy House 1990 Mixed 25 80 3.0
8 UBA Building - Commercial 20 80 4.0
9 African Reinsurance 2000 Commercial 15 74 4.0
10 WEMA Bank Building Commercial 20 73 4.0
11 Zenith Height 2006 Commercial 17 73 4.0
12 Freeman - Admin 18 70 4.0
13 Sterling Building - Commercial 18 66 4.0
14 Unity House - Commercial 18 63 3.5
15 Mamman Kotangora  ------ Mixed 15 63 4.0
16 Savannah Bank ~ --—--- Commercial 15 63 4.0
17 Bookshop - Commercial 15 62 3.5
18 Fernandez Tower 1974 Mixed 16 60 3.5
19 Elephant House @ - Commercial 16 58 4.2
20 ST Nicholas 1984 Medical 15 60 3.8
21 First Bank Building 1990 Commercial 14 53 4.0
22 Abibu-Oki Court 1990 Mixed 14 52 3.5
23 NEPA Building 1964 Public 14 52 4.0
24 Stalion - Commercial 13 52 3.8
25 LAPAL House 1978 Mixed 13 52 4.0
26 Federal Secretariat ~ ------ Public 13 52 4.0
27 BOI Building - Commercial 11 50 4.0
SourceAut hor 6s analysis, 2018
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The construction of tall buildings and higise office building at this period wadecauseof

rapid industrialization, administrative function of the city of Lagos as the federal capital of the
Republic of Nigeria and accelerated ruugban migration to the city. By the late 1970s to 1980s
the skylineof Lagos Island had changed, beidgttedwith skyscrapers. Betwedhe 1990s and

the pesent timenumbes of tall buildings/highrise apartment have increased tremendously.

Data collected from the field showed that fefitye per cent (45%) of the tall structuriesindin

Lagos Island wscondructed between 1960s and 1970s. In the 1980s about thircepewere
constructed and between 1990s and the present péwedtyfive per cent (25%) of the
structures were constructed. One significant change witnessed during the second phase of the
postindependencera is the addition of more skyscrapers into the housing market in Lagos
Island. Field data showed that about 8% of tall structures in Lagogl are skyscrapers. Table

7.1 shows important tall buildings in Lagos Island and their majaraciteristics.

Apart fromthe construction of more tall structug,eanother important process that influenced the

vertical development of Lagos Island during the epdgtindependenceerioduntil the present

is vertical phasing and redevelopment. Vertical phasin@ {grocess whereby developers
construct first a shorter building and then add significant expansion later by increasing the
buil dingds height. Ver tidenaal estath degelopmgnt.ittasreala n i mp

optiors strategy for corporate real estate.

Further aalysis ofthe field datashowed that more than 70% of highe buildings in Lagos
Island are not original occupants tbir presentspace About seventeen paent (17%) of the
high-rise wasfound to have displaced bungalow, while fiftye per cent (55%) of the buildings
either displaced low rise building structure having less than seven storeysyere converted
to highrise thraugh vertical phasingFigure 7.1 shows the vertical transformations of some
major streets in Lagos Island. Stsekke Broad Street, Marina, Tinubu Square, Oil Mill and
places like Epetedo who were once characterisedowyrise building had been vertically

transformed. Majority bthetall structures found in Lagos Island are located in this area.
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THEN NOW

(a) Broad Street
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(c) Tinubu square

Fig. 7.1ac. The vertical transformation of Lagos Island.

Sourcehttp://life.cdn.guardian.ndnttps://titiswanderlust.wordpress.cpm
http://venturesafrica.com; http://buzznigeria.camw.goggle.com
https://www.google.com/culturalinstitute/beta/exhibit/ ARiv@w
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THEN

(f) Bank of British West Africa (Now First Bank)

Fig. 7.1d-f. The vertical transformation of Lagos Island

Sourcehttp://life.cdn.guardian.nbttps://titiswanderlust.wordpress.cpm
http://venturesafrica.coynttp://buzznigeria.commww.goggle.conttps://www.google.com/cultu
ralinstitute/betasehibit/ ARivCwds
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THEN NOW

(9) Elephant house, Marina
Source:www.google.com

gettyimages
Fiéghro Sotgn
pLF

L

(h) Bird eye view of Lagos Island, 1920 Bird eye view of Lagos Island, 2016

Source:https://www.google.com/culturalinstitute/beta/exhibit/ARivCwds Source:gettyimages.com

Fig. 7.1g-h. The Vertical Transformation of Lagos Island
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A good example of verticadevelopment through redevelopment he transformation of one
story building housing Bank of British West Africa in the Colonial perio the present
fourteenfloor structuresituated at Broad Maringeefigure 8.1f).Similarly, Elephant buse, a
sixteenfloor structure replaced story buildhg once located at Broad Street/Olowogbowo Street
(see figure 8.1g)The bird eye view of Lagoksland in the 1920s argD16are shown in figure

8.1h The figure showed a radical vertical transformation of urban space in Lagos Island.

7.3 The Spatial distribution of high -rise building Lagos Island

The understanding of the spatial distribution of higle building is very important fora
number of reasondirst, it is important forthe spatial pattern analysandidentifying specific
processes afirban vertical growthSecondthe measurement of the extent of the vertical growth
of the city is significantly tied to the distribution of higise buildings. Lastly, theesign andhe
sociceconomic attributes associated with hrgge buildings prowe vital information that can
assist in understanding the dynamicshafc i t y 6 s Theanalysis d¢f thespatial distribution

of high-rise building in Lagos Islands began with the examinatiagh@tistribution othe high

rise building types by locdion. This was followed by the description tfe distribution of

building group baskonthe numbe of floors by location.

The classificatiorof a high-rise building by tpes and location in Lagos Island is showiT able

7.2. High-rise buildings in Lagos Islanavere classified into four namely; existing, abandoned,
under construction and under renovatidigh-rise buildingsclassified as existingre structures

that theirconstruction is complete and htee potential for useThoseunder construction are
high-rise structures that their structu@mponents are beingssembled permanently -site.
High-rise luildings classified as undeenovation are completed structures that have been in use
but are now undergoing renovatiorhos classified as abandoned are those buildings that are

notin use currently due to many reasons.
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Table 7.2. Classification of a high-rise building by types and location in Lagos Island

Type of High-rise building

Ward Existing Abandoned Under Construction Under Renovation Total

Al Count 3 1 0 0 4
% 75.00% 25.00% 0.00% 0.00% 100.00%

A2 Count 17 5 0 1 23
% 73.90% 21.70% 0.00% 4.30% 100.00%

B3 Count 1 0 0 0 1
% 100.00% 0.00% 0.00% 0.00% 100.00%

C3 Count 0 0 1 0 1
% 0.00% 0.00% 100.00% 0.00% 100.00%

D1 Count 3 1 0 0 4
% 75.00% 25.00% 0.00% 0.00% 100.00%

D2 Count 7 1 0 0 8
% 87.50% 12.50% 0.00% 0.00% 100.00%

D3 Count 2 0 0 0 2
% 100.00% 0.00% 0.00% 0.00% 100.00%

F1 Count 12 0 0 0 12
% 100.00% 0.00% 0.00% 0.00% 100.00%

F2 Count 5 0 0 1 6
% 83.30% 0.00% 0.00% 16.70% 100.00%

G2 Count 3 0 0 0 3
% 100.00% 0.00% 0.00% 0.00% 100.00%

Total Count 53 8 1 2 64
% 82.80% 12.50% 1.60% 3.10% 100.00%

Pearson ChiSquare Test

Variables Value df Asymp. Sig. (2sided)

Chi Square Test 75.19 27 0.03

Likelihood Ratio 23.2 27 0.674

Linearby-Linear Assoc. 1.98 1 0.159

No of valid Cases 64

SourceAut hor 6s analysis, 2018
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Detailed examination of tablg.2 showedhat about 82.80% of the sampled hiigge buildings

are existing structures, 12.50% are abandoned buildings, isa@der construction and 3.10%

are under renovation. Ward A2 comprising areas around Marina and Broad Strasduta36%

of the sampledall buildings. About 18.75% of these buildingsere found in Ward F1, most
especially in areas around King George, Onikan and Mca#hgut 12.50% of the sampled
buildingswerefound in Ward D2 in areas around Odunlami, Campbell and Ajdleut 9.38%

of these buildingverefound in Ward F2, particularly in areas around Tafawa Balewa Square,
Okesuna and Igbosere. Others are scattered across Ward Al (6.25%), D1 (6.25%), G2 (4.69%),
D3 (3.13%), B3 (1.56%) and C3 (1.56%). Within wards, there are variatighg type of high

rise buildings For examplein ward A2, of all thetwentythree high-rise buildingobserved
duringfieldwork, 17 are existing, 5 are abandoned and 1 is under construction. In this ward, we
have the highest number abandoned highise buildings.

The distribution ofhigh-rise building ly group is presented in figure2r High-rise buildings
were grouped based on their number of floors iijo7-12 floors,(1l) 13-24 floors andll) 24-
49 floors.While the group| (7-12 floorg wereclassifed asa mediumrise group, group 113
24 floorg were classified as tall structures and grolp (24-49 floors) are classified as
skyscrapersHowever all building groups are generally takenabigh-rise structure based on
the United StateBire Department recommendatigihoore, 2004)

Skyscrapersvere found mainly in ward A2 and B2 indicated in figur@.2. Buildings in this
group are NECOM (32 floors), Union Bank Building (Stallion House) (28 floors) and Energy
House (25 floors). Taktructuresd group of 1324) weremainly found in ward Al, A2, D1D2,

D3, F1, F2 and G2. Mediwmse is a common phenomenon in Lagos Island. A Pearson Chi
square test of the relationship between the row and column progtue@3.83 at alpha 0.05,

suwggesting that there is no significant relationship between location and building group.

195



12.55

10.05

Count

257

0.0-
Ward Ward Ward Ward Ward Ward Ward Ward ‘Ward Ward
A1 A2 B3 C3 By D2 D3 F1

Location of the building

Fig. 7.2. Location of High-rise buildings by building group
SourceAut h o rySiss 2083n a |
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The pattern of distribution of highse buildings in Lagodsland was examined in order to
determine the pattern afban vertical growtland to testhe fifth hypothesis fothis research that
states thatdThe spatial distribution of highise buldings is significantly randormd Average
Nearest Neighbour statisti¢dNN) also known adNearest Neighbour Index (NNIh spatial

analysis extension of Akap 10.3was usedo test the fifth hypothesi8INI is givenas;

Y d-ééééececcecccccccéééééééééééeéee (7.1)

Where'Y is the description of theattern ofdistribution, Jis the mean distance between nearest

neighbours (km) is the number of points (higtise buildings) and is the area under study.

The summary of the result of the nearest neighlboalysis preseed in figure 73 showed that

the spatial distribution dfigh-rise buildings is significantly clusteregiven’Y 1@ ¢ E @E
oA T A 181 pThereforethe fifth hypothesis of this researslas rejected.

A detailed examination of figure 7showedthat highrise buildings (indicated in red points) are
clustered around the Lagos Island Central Business Diqiri@BD), particularly along
MarinaBroad Street axis of the LICBDGiven the naleation of points in figure.3, it may be
safe to concludehat the vertcal builtup space is compact. Howevehjs does not hava
guantitative basidecause the selt in figure 73 only showed the distribution of higlse
buildings As a resultin the next sectiorgttention is turned to thexamination othe pattern and
the spatial structure of building heighits order to measure appropriately anghin a full
uncderstandingdf the urban vertical form in the city.
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Fig. 7.3. The Pattern of distribution of high-rise buildings in Lagos Island.



7.4 Pattern and structure of building heights in Lagos Island

The determination of the height of buildings in Lagos Island was achieved through direct
measurement on the field. Building heights were measured from the grqunid the
architectural to@s recommendeoly the Council on Tall Buildings and Urban Habi@TBUH)

for different types of tall building (see heightcalculator.ctbuh.ar@his approactprovides a
diagnostic measurement thghores any antennae, mastdlagpoles. The spatial distribution of
buildings height by wards in Lagos Island was preseint figure 7.4. The highest mean height
(63.50 metres above the ground) was found in ward A2, located within the Lagos Island Central
business district (LICBD). The lowest mean height values are mainly recorded in the traditional/

low-income neighbourhab

The spatial pattern of heights¥as det er mined by testing the hy
city, buil ding heights exhibit a significant
of the hypothesis proceeds on two levels. Faggage highrise building heightdy wardwere

mapped in ArcGIS.The result is what was presented in figure 7.4. Subsequespétial
autocorrelatonanal ysi s was perform wusing gl obal Mo r
extension of ArcMap 10.4. GivenMor an 6 s |+ @36 evith 4ecbre = 1.99 at P 0.05,

the result showed that the distribution of buildings heights is significantly clustered in Lagos
Island.Theresult implied a clustered pattern of the vertical bufitspace. The clustered patter

suggests a distandecay effect in the distribution of building height. This asnvincing
evidencethat vertical growths concentrat in the centre of the city, but decline as distance

increasesway from the city centre.

The form of the city at the twdimensional level may be monocentric or polycentric from the
perspectives of classical models of urban growth. However, this has not been confirmed for the
threedimensional growth in the city. Given this backdrop, an attengs made to determine

how monocentric or polycentric the city is vertically. The classical assumption of distance
gradient was examined for height and distance. The ground level is taken as the centre of the city
and distancs (heights) measured from tigeound level to any location above the ground. A
graphical plot of therelationship between average height and distanckagos Island was

obtained, the result as presented in figure 7.5a showed a negative relationship between average
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height and distanceith anR2 value of 0.1. The implication is that heightconcentrated at the
centre and decreases with an increasing distance from the centre (LIORDB).the result is in

line with the view leld by the classical models of urban spatial structure thigatity centre is a
strategic location with economic benefits of agglomeration and strong market. The city centre
attracts more activities and the presence of more economic agents that gepatiale s
competition. Aility and willingness to pay for land cause competition among bidders,irthis
turn, raise land values. The effect is the intensive use of land thitheglonstruction of taller
buildings on the more expensive land. The graph iaréig7.5a with R? value of 0.1, with no
outlier nor evidence o# logistic trend suggests a vertical monocentric form. Therefore, given

the foregoing, it may be safe to conclude that Lagos Island has a vertical monocentric form.

Extending the analysis filmer, the rentlistance function was obtained by plotting the
relationship betweeaverage height and land valas presented in figure 7.5b. A positive linear
relationship with a correlation coefficient of 0.14 ardRvalue of 0.02vas obtainedThe pbt
showedthat average height increases with increasamgl value. Comparison of figure 7.5a and
7.5b revealshatland value exerts a positive influence on urban vertical growth. It suggests that

land value is the chief driver of urban vertical growth agos Island.

Considering populaticheight function and densHyeight function, a graphical plot of the
relationship betweenotal population population density and average building height were
obtained as shown in figure €.and d An R2 value of A (R=-0.32 at p T8t U was obtained

for populationheight function. R2 = 0.2 (R =0.48 at) 181 ) was obtained for population
densityheight function. These results indicated that bothtthal population and population
density decreases with incre@asg height Two important conclusions may be drawn from this;
first, from the threadimensional plane, it suggests that population and population density is very
high at the lower floors of highse buildings and decreases with increasing height of doe. fl

This is similar to Clark (1951) hypothesis that population distribution and density decreases as
distance increases away from the city centre. However, this conclusion may not be very reliable
since the research did not consider population size whigh-rise buildings.That may be

consideredor future research.
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Second, the results suggest thapulation and population density arery low in areas where
high-rise buildings are concentrated. Thauld not be far from the truthecause¢he majority of
thehigh-rise buildings in LICBD are mainly office spac@esides, the high rental price attached

to office space at the centre tends to haveegative effect on residential functioss a result
residental activity is limited by rent. The limitation placed on residential function by rent
reduces population size in areas around -higg buildingscompared towvhat obtained athe
low-income residential neighbourhood around the city ce@reen the foregmg, It may be

safe to conclude that the vertical form of the city exhibit a compact pattern, characteristics of

monocentric urban form in a tadimensional plane.
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Fig. 7.4. The Spatial distribution of heights in Lagos Island

SourceAut hor 6s anal ysi s, 2018
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