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Abstract

Urbanizationinvolvesincreased number of tripig urban areashus cities have traditionally responded growth in
mobility by expanding tansportation supply.This paper surveys the settlement distribution changes that occurred as
road networkand infrastructuretransformed gradually. We focus on the development of road infrastructure that allow
urban cities of Ghana including E§u and Beekun cities todevelopurban population and settlement acdnsequently
transform from huntinggathering(frming) economy tanarket exchange system of wider range of trawlghe first
section a general view of urban #einent distribution wasdiscussedn regards to Weshfrica and Africa as a whole.

In the second section a genesdntiment coterning transportation system and its relationship to urban settlements
were consideredn the third section arcgis analysisa discussion were made the plaesselected for casetgdy. It

is learnt that settlement distribution has originally beendaiéfd by historical deeds which is not accounted for in here
but transportation played a big role in shaping urban settlement.

Keywords Road Infrastructure, Urban Settlememtanspat Network,Ghana
INTRODUCTION

In the pas50 years, West Africa has been experiegci time to come, continue to experiencérang population
intensive urbanizati on, wgrowth h thah avdl idficé eimportadt imtreegional e g i
largest and smallest urban centedn 1975, the migration flows and rapid urbanizatioft is of great

d stribution and petlléemerdsrwere osignifémce tthat Aiftriibitiond population settlementsni
little changed comparetb their hisorical stke The  WestAfrica specificaly Ghana kB understod and
distribution of recentsettlements is mainly affected by modelized to aid town plarers to devise schemes in
physical, political and socieconomic factors. The advance to embrace incoming strong population growth.
physical ones such as rainfall, ofggy and geography Settlement growth and distribution model is a useful
which have direct bearing on the avhility of water,  proxy for analyzingpopulation growth and popation
locationfor roads and builthgs development respectively distribution.

deermine the limits of permanergettlemens. Over Physical influences on the distribution of population can
decades, this has induced and @&yed the pattern of be attributed to geography, climate, vegetation, water,
settlement distbution of the alarming population growth and soils which in their worse conditions disturbs features
in WestAfrican ocountries. West Africa wil, for a long of population i.e. density, settlemt skewness, etc.
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Figure 1. Population Density Map for African Countries

Consideing all the factors thatontrol uman setémen to the city development history. The data were analyzed
and population distributin, transportation network as a using GISbased spatial technique and qualitative
public facility is chosen to be studied on in relation to theanalyss to determine facte that affect urban settlement
behavior of population digbution. The study aims to distribution. Transportation nevorks have abays been a
determine the developmeoit road network and its tod for spatial control ad occupationlt has been argued
influencing facbrs on urlan ttlement. The study that topdown decisiormaking processes do not take
intends to provide an understanding of the growth andproperly into account the intercoeeted and
development direction of the urban roads in Ghaased interdependent naturef @urrent transportationystems
on previous worksnd site data collectedo figure out and road networkswith spatial distribution of the
the influence on stéement distributiorwhich later @an be  population and mg lead to socially and economically
usedas a bais of city planning pticy. Previous study undesirable outcomem developing countries including
conducted by Zhaet al. ( 2016) investgaked the road Ghana, transportation poliapakers and professional
network pattern considering population distribution institutions operate solely and dedently under the
which literally appears to be antithetical to our ss@d  govenment adminisation and hene influences their
studyor our argumenbut not entirely dedsion making about how to plan the road netwark i
Road infrastucture plag a big role n population urban areas. Disregarding effects of road network on
distribution in current time but wasnhot a strong population distribtion and settlement pattern directly
determinant in the past. In the past, the unequatlisrupts the economidevelopment of a closearea.Our
population distribution bgteen the north, east, west and resarch inteds b shed light on how dfierent forms of
south territories oGhana could be interpreted as a directroad networks interplay with the settlement pattern and
influence of colonialism ly the colonial admiistration population spatial distributionand what are the
when they encourade southward migrations as a corresponding outcomes at theonomic level
mitigation effect to the unequal distribution of resources
(Ntewusu, 2014) Histories of pad network in Gham  REVIEW
could be traced backward® tthe colonialism regime
when trade routes were the only transportation routes andopulation Settlement Distribution and Densty
settlemat was not regardedan important attracton for in Afri ca

road deelopment. According to the(Figure 1) some majority areas in the

The collection of information was obtained B  western and eastern zones are rated medium to highly
observationjn-depth pad inventory study and réerring  dense A tight zooming to locatiol® shows dense
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Figure 2. PSD in African Countries

settement along a chlmemel of a rive course This  for example, education, medicinal services, banking, etc.
obsevation supports a minor argument raisat@r in the  Travel times tahese plaesare significant to commerts
section below stating that civilization through humanand hey hence pridtize these when selecting locaton
settlement glowed from banks of river course. for settlement(Figure3) shows a presentation of average
It is quite recessary that amver vi ew of thatel time [@er person in almost all countries fnida.

population concentration be sted so that relevant
knowledge could be obtained in supportive of this study.Settlement Distribution in WestAfrica
(Figure 2) presents a $D mapof African continent.

The setflements distribution mafiFigure 4) and(Figure5)

A. Percentage of land surface concentratingp®0  indicates both sprawl of existing @m cenp-er s
cent of popuhtion. This measure emphasizes provinces ofdown metropokat i on” ) and an i ncre
highly focal population distribution (in dark) antlase s mal | toastomrup  urb@rfizatioh ) (Beauch
wherethe population is more dispersed (in white). 2005). Since 1%, settlements have expanded westward

B. Clak and Evans aggregation index of settlement pointand southward-from the inland to the coasbu also
patterns (<1 suggests clustering; uggestordeing). from rural to urban areas, creating major secondary cities,

C. Average peperson travel timeot nearest settlement especially aross the Salhe
with more than 50,000 peoplealculatedby combining

the global map of accessibiliyith our detailed Geography Influence onSettlement Distribution
population distribution dataset.

D. Skewness of the averagerpersontravel timeacrcss Geography asimes a huge pain the improvement of
the population. A high skewnessh (dark suggests that he development process in a country. ilfia three
people are concentrated in cities, whereas a low skewnegg atial feaures of geography influence treettlement
(in white) suggests that a high proportion of populationgistripution and econome developmentof a region
resides in relatively inaccessible are@snard et al., namely; density (i.e. s@le economies, agglomeration)
2012). _ the dstance(i.e. spatal mobility and access) and division
Advancement amongurd populaces relies pon access (i e spatial integration of economies). okkover, it is

to commercial sectors ffo purchasing and trading opyious that these three elements are interdependent to
products andilsoto different social and business sectors, eah other and tht they exit a the mercy of the


https://eros.usgs.gov/westafrica/case-study/bottom-urbanization-multiplication-small-towns-southern-cote-divoire
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Figure 3. Scatterplot of the average peiperson travel time versus the skeness of this average tragl time

o Sattiamants present i 10TE 7 Mabtstions présentes an 1975 (14700 sg b

New sattiomaents boilt Datween 1975 and 2010 / Nowvelles Mabitations DAties snlre Y878 and 2013 1204000

apart (https://eros.usgs.gov/westafrica/settlemenigrowth)

transportation framework and roadtmerk of a country.  easier to build rad transport gods and pguae on. Road
The interdependency could be described by the fact thatpfrastructires are built specifically in thesareas to
areas located distamd fom the economic hub along reduce ost of earthworks and also road user cost. Hence
transport routes has less dense populaimhexperience geography actually is a sigitart factor considered by
low level of division whiles areasituated within the engineers and planners at the design phaseoad
proximity of economic hubs suffenigh density and high developmat project. To understand population
level of divisions. Flat terrain anldw-lying lands ofen settlement of an area, geographgeds to be firstly
encouragesettlement development. Lands like this is understood.
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Figure 5. Average annual settlements growth rate* by country between 1975 and 2013

Transportation Network as a Prime Indicator for law is used to model the relation between road
Assessing Populatin Settlement infrastructue and population se#tinent.In a broad sense,
almost all urlan flows (e.g. populatin, products, mergy,

Transpotation network are one of the fundamental tools I N f or mat i on) ar tatiocratr wo aéls by
for human socig to work, more so in our globalized also, PSD are influenced by transportation networks.
world (PableMarti andSanchez, 2017)The Roman and  After realizing the signi€ance, most urban areas are
Chinese empireselied on transportation networks to e€xtending their transportatiosystems to acance urban
control their respective territ@es, mainly to collectaxes ~ Settlement dvelopment, yett is too expensive to build
and move commodities and military forc@Rodrigueet ~ New routes taeach dl areas of a cityThus, analying

al., 2016) Transportation network forms the basis of and improving the distributioof road networks are of
major settlemendistribution and patters in communies ~ greatimportance, since thaistribution improvement can
and hence improvement otie distribuion could be  not anly improve tte settlement distribuin of populati,
initiated by developing @d infrastructures because but also accelerate urban flows, whick aritical for the

h u ma rséttement is calgzed by their level of sustainability andeffective operation of citiesThough
accessibility to transportation. The absence of aupon improvement, roadetwak tends to have negative
dependablérarsport framework caees urban pagaces ~ impacts on the economies angagial distritution of the

to invest a lot of tire and cost irmaking trips to mee  Populationin the urban entres as it appears biased
basic needs. Moreer, almost all of the dynamical towards the poonhabitants. Land concessions within the

proceses we concer within cities, such as human proximity of urban road infrastructures are deemed
mobility, epidemic spreading, and so@oconomic €xpensie and hence emerges naffordable to the low

activities, are driven by pmulation distibution and  income populton and consguently leaves them no
interactions and ar based on tresportation netwdxs ~ Option than tosettle outside the favorable radius of the
(Dong et al, 2016) Transportation network has been road netw r k. They induct a | ic¢
diagnosed as a prime indicator for esshg human Wwages for transportation fare which affects nthe
settlementand its distibution because mostuman  hegatively. It is worth mentiomg that, in fact,
economic activites revolve around issues of quantitdive geographyas studied similar pblems since
transportation. In traffic engineering professiom is  almost 50 years agand nowadays topics such Buman
declared that newly developed routes in an area ignobility, design and planning of transportation networks,
expected to attract diverted traffictbadually more than ~ Or City structure are being abumdly studied from
vehicular is expcted. Population sktent is also interdisciplinay perspectives based orspatial netwdk
expected to be attracténithese new developed routes  approact{PabloMarti andSantiez,2017)

According to (Datta, 2002) population distribution ~ Transportation netw&s are particularly importantn so
determinants can bdassfied as* pus h’ o rrs, © gai psithey govgra key asuts of our socieg and are
according to pusipull migration lavs. In an equilibrium  Pertinentto the understandingf many prdlems, such as
environment, rod infrastructural network could be seen disease spread, congestion, urban sprawl, and the
as he pullfactor in the case where puphll migration  structure of citieglatoraandMarchiori, 2001)
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Figure 6. Idea of Population Distribution

In road network pattern model, population distribution isanalysis alternate routes could be proposed as shown in

an important facta (Zhao et al., 20163o0asin settlement
distribution models, road network plays a momasto
role.

In this paper, ts assumed that populatisettiement
captivates the devgbment of roads buhowever roads
designed based on engineering studiesgeotechnical
survey, feasiliity studies, cost studies, etc. are
sometimes constructed a littlaway from setement
zones and consequently, new blatof population settle
along these new roads.

To facilitate the presentation of the ess@ ideas,
(Figure 6) clearly depicts the impact of road netil on
population distributio. From the figure, wean see that
settlements A, B and @xisted for couple of reasons
which will not be captured ithis paper. But according to
the ddinition of relative neighborhood grapfiRNG),
settlement A, B and C shouldeltonnected by links
directly. However, following egineering and technical

the figure In 5 years or less, it is presuth¢hat the
routes should be encroached in a manner and pattern as
the road nevork appears.

Accessiblity of Transportation Network Against
Spatial Differentiation

An important part of the spatial differentiation of the
ecoromy is related to where resees (raw materals,
capital, peple, information, etc.) are located and how
well they can be distribed. Transport routes are
established to distribute resousdeom places where they
are abundanto places where they arsarce, but only if
the coss are lower taAn the benefits. Natural
phenomenon of human settlement is describgdthe
direct and easyaccessibility to public resources and
hence areas where migportation network passes are
prone to spatial differentiain, land cover change and
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Access vs. accessibility Distance vs. time

Figure 7. Forms of road network (Rodrigue et al., 2016)

variation of econmic activities. his spaial differential  define nany natural and socialhpnomena including
could rise from the differd levels of accessiliiy to the  meteoric hits and stoakarket fluctuations. Though this
road network and resources axcessibility vaes law stands out to be inviable both across time and space
according to one’ s | ocat iandonlywdedcribésmistrioutigghenomeaandd powevdr, sy
Accoding to (Figure 7), on the transprt netvork, it is not the sde indicator to predict wst distribution
locations a, b and all have access to the system. patternin advance as it requires the status ef tarrent
However, location b appears to b®re accessible than urban growth. Urban growth is modeled by a cohadp
the other two due to its central loicat in relation to the  cellular automaté@CA) which explains that two forces are
network. Think of how many inhabitats are willing to manifested in than growth and delopment namely;
resttle from locations awafyom the network to pois a, force of unificaion and force of diverfication. National
b, and c if chances are grant&h important cause of trend of decreasing uabh primacy, induced by the
settlanent discontinuity is linked to the spatial decentralized national developntestrategiesmay also
distribution of economic activitiesalong the road be hammering factor that incite urban wgtb and
networks notably indstial and urban, wiih tend to  distribution. Gone werghe days that stream and water
agglomerate. bodes served as source aadgin for civilization and it
These discussed points reguly imply that spatial could be sbng reason to why water bodies serve as
segregation is viewk as the primary influence of reference of demaation for countries on the continent.
destitution to most inhabitais of rural areas.The In these modern timefransportation nevorks determine
nearness of a major settlement providassiness to to asignificant extent as to wherthe people will move
isolated populacesand the nework with global and andhouses will be built. Hence, transpoitat network
regonal markets create esomic opportunitiesWhere  data is crucial to an urban growth predictigatem
transport infraguctures and access patterns are Transportation networks are a prominent feature in an
heterogeneous in spaceppulation distributions and urban landscapena people genergl find it convenient
accessibility between populatioshould be estiated at to build establishments considering ethavailability of
levels ofspdial detail that are similar ofiner than the roads or railwaysHence, it can be expected that a road

scales bthis heterogeneit{Linard etal., 2012). network data is an imptant constituent in urban growth
prediction modelPrevious workshave used tectiques
Power law of Population Distribution like distancebasd features to build mode on road

networks impact o urban growth.
The pwer law is a common phenomenon in natarad
social sciences. It means that the scale of an o8jacid
the frequency of its emergen(@ have a correlation of' S
& Powe law of population digibution has been used to
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METHODOLOGY 0 .
Betweemess Centrality Analysis CS = _ é p quation
I (N-D(N-2) jyicpwi A Wik 2
p

Centrality  analysis  originates n structural
sociology and the concept was extended to study social,

biological, communication and geographic networks — Where w_ is the probabilitythat path p s chosen
(Kisgyorgy and Vasvari,2014). Studies haveh®wn that s N N

the centrality indices can consideratedke into custody —Pbetweenj and k, andw, (i)is the probability that path p
the basic skeleton of the structure and hence the foufhat contains node i is chosen between j and k. The

families of centrality (i.e. degree and closeness centrality probability mesure is dependent on the cost of path and
betweenness centitgl efficieny and straightess  dispersion paragter wheh governs the sensitiy of
centrality and inbrmation centrality) demonstrate highly choiceto cost. When He choice to cost of a path is
diverse spaal distribution pattrns. Betweenness insensiive, it is likely to be selected to any other path.
centrality measurebeing central as beinbetween the  works in regards to road networks interantiwith
others, i.e. being the intermediary in many of thepopylation distribution has not been specifically
rEIatiorBhipS thatlink all the locéions to each othedn undertaken in previous cases b‘lﬂwever, bot[‘paries
this paper, we use the betweenness centrality ayz®  have been focused on independentlatora and
the topology of different real road networks with Marchiori, 2001)studied he tgpology of networks as any
population distribution. general complex system not specifically a road network
Betweenness centralifC®) is based on the idea that a phyt havever could be applied to transportation network
node is centraif it lies between many dter nodes. Itis  py treatiny the inverse of distance betweietermediary
definedas the total numberof shortestpathsconnecting  nodes as local measure of efficiency between them.
couge of nodeswhich passhrough the given node. The Efficiency of transportation network is relevant to our
betweenness centralityf node i according to Freeman stydy as itis perceivedthat invisibility of transportation

(Freeman, 1978} presented as; is derived from its efficiencyand hencef transport is
disrupted, the comguences can bworse. During the
5 1 o N(i) Equation first decade vencedsdetiife stap 60" s
i —m-_ a n— 1 complex networks_lncludlng transportation networks glso
TG ki Tk focused on topogical properties such as connectivity,

clustering, centiety, community or modular structyre

Where n, is the umber of shortest paths between j and €tc. and tring to connect those features with the behavior
Ik N ~ of sysems (e.g. population and spatial distribution) and
k, ard njk(l)ls the number of shortepaths between j their dynamics.
and k that contain node i. As stated above, theéna of this paper is to study the
correlation between road etworks and population
distribution and sdtlement patten which appears to be
less studied on. Netwtheless (Zhao et al., 2016)
presaited a proposemadel with explicit consideration of

which is perfomed bythe technique discussed iabove populgtion _di!;ibution andCBD which investigated_ their
e(:omblned influence on the topology characteristics of

it is necessary to analyze the probability of user choic road network. Based on their work. the road network

tjhs(;ngsatrﬁchoe;st:gliitwc?hegggszrcoebnatiglsty.o']l:hlesalshd;;![rr\]ed al?tility is affected by the populationgtiibution andCBD

connecting ouple of nodes, which pass through theegi attraction in the formfoequation 3
node. The formal definition of stochastic betweenness
centrality of node i is:

qu = al(Hp + Hq)ml - az(m'n(Lgp + Li)q, Lép + Léq’1/4, Lgp + qu))mz’al >0,a,>0 3.Equatlon

Stochastic Béweenness Centrality

To expand the set of shortest paths ligraative pats

whereUpqandL'Opdenotes  the  utility  between andU, L:Jz m, andny, are the parameters. The
zonesp andqg, and the distance between zgrendthe  greateriand my indicate he geater impact of population
first CBD, respetively; kis the number of the CBD distribution, while the greaté} andnm, imply that the
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A. Location of most
attractive node and link in
the network using
betweenness centrality

l

B. Perform household counts
based on the number of
buildings around and along the
node and link respectively from
above.

l

C. Study statistical data to
stipulate the trend and
increment in population

l

D. Locate the numerical
figure from stage B
approximately in the data
acquired from stage C

!

E. Confirm that there is increase in
population and hence measure the closeness
and dispersion of the households buildings to

the chosen node and link

Figure 8. Study Flowchart

greater utility of CBD attraction. Té cannot be reverde  censusdata and ts corresponding year is mot After
to suit the argument of oyaper and énce a omique  confirmationis made, the population is forecasted to the
methodology is devised to corroborate thdany other  current time and its closeness and dispersion is estimated
literatureshavebeen reviewed and based on the modulugo understand the influence of the roadklion the
operandi and findings of prewis works and authors settlement distribution.
instinct, appropriat procedures to dertake this study is
discused below. CASE STUDY IN GHANA

Following the flowchart(Figure 8, five main stages
will be endured towards achieving the objectives of thisAs discussed earlier on inetprevious setions, tomlogy
study. As the links composed of a road netwark  of road network is an important factor that affect the
numerous and complicated, it Wile time-consumingto  distribution of population settlement and to demonstrate
examine all of that. Hencehe weightiest node and its  the linkage between bothtasistical numerical analysis
linking route will be screenedut and examined using the based on a e roadnetworkis conducted in this section
betweenness centrality analysis. Since the available mapge will examine the pgulation distribution considering
are discrete and repexg the images of the study the topologies of road networks in five randomly selected
networks at aparticular time,it is completelyimpossible  towns in Ghana. For the given road network of the fiv
to run simubtion. Therefore, the houses within the towns, settlement areas are viewed as esodvhie
proximity of the selected node and link are counted anchighways representhe links.
converted to amber of households. The umber of
h o u s e lvalue & aapproximately looked up from the
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Figure 10. Urban-Rural Percentage

Sites

and
7 " N,

"W |l atitude
7°26°' 56.

2°34' 55, 8"
easérn on thecoordinates o

To undego this study, two towns in Ghana were selected latitude and longtudes respectfully. Western on the

to back up the discussion raised earlieth@paper. The

coordnates d 72271W, 2°35"46. 9"

towns are randomly chosen but it happens to bk welongitudes respectfullylt has anaverage altitude of

dispersed around the four compass poittsthe Eagern
zone is Berekum towand theSouthern aneis Ejisu.

Berekum Town

305m. It is well connected to all the 25 higgest sifiie
Ghana and this stimulates rutaban migation and vice
versa. Locally it is centrally situate within its
municipality and connects to all other towns. The
topology of its network with the neighboring towns could

Berekum township is found within the confines of be described as a star type of nekvas shown in
Berekum municipal district and constitutes among the(Figure 9). Hence it serves as econontiab for all its

localities in the Brong Ahafo Region of Ghana.
Geographically it restsiorthem on the coordinates of
7° 28" (N, 342 °.33W ldtitude and longitudes
respectfully. Soutanon t he coordi nat

neighboring towns Berekum maicipal composes of
more urban areas thanral areaqFigure10) and hence it
has been recordedo tsuppor higher level of inner
engratiorf whétehdstanigdas setle within and around
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Figure 11 Aerial Map of Ejisu (2015)

the Berekum town. Théighestrecord of migration of that authorities develop these ds# enhance populiah
23.2percentspringsfrom the region of Ashanti which is settlement.

closely and directly connected to it. This explains and The map(Figure 1) shows red and yellow lines which
supports e prindgple of intermigration which describes represent th set of road corriderthat the road agency
that people migrate to localities with least travel would be developing to divert settlement from the highly
resistage. Household dwellings in the urban are#s congested places of Ejisu to thetskirt of its periurban.
Berekum is of different types but those of target to this The Assembly of Ejisu township has developed and
study is the improvised homéKiosk/contairer) which rehablitated several feeder roads to enhamaccessibility
constitutes 1.per cen of the total tpes d dwelling. The in the Municipality which also has facilitated easy
authors of this paper refer to the impised home  transportation of farm produce to the market centers of
settl ement aey dféctf theo glannéng of’ .the Mdny ommunities. The existig road network has
population settlement negatively because they easily camfluenced their settlement distributithugely so far and
move their homes around to ldicen of interest as they it is obvious that th plans of the assemyblo extend the

see opportunitie®r & they wish. road network away from the congested centers will
greatly attract new batch of settlement to awp
Ejisu Town econanic growth.

Ejisu town falls within the Ejisduaben Municipaty Analysis of Road Network Topology

which lies within latitudes L 5" N &rbd N1 and

longitude 61 5° W @M d W7 iogcadandhayeafo Settlements are repreged by collection of nodes as
582.5km. Ejisutownship provides housing, jobs, schools,shownin (Figure 12). The road network mainly ceists
shopping, and recreation that atesetogether. From the of two levels of service which are namely distributor
map, it could be realized thabe settlements mainly ~ (main roads in mulicolor highligh) and accesg(minor
crowded along the road network. 1815, the department roads in brown colorfFigure 13). Access roads provide
of urbanroads carried duinventory progamme within access to the major road network and alsoveer the
urban centers including EjisFigure 11) presents the local sector whiles distributor roads are the main trunks
potential roachetwork that is been aited automatically  which distributes traffic by nodes.

due to the settlemepkpansion antenceit is necessary
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Figure 13 Graph Representation of Berekum Road Network

Numberof nodes(N) =9
Equationl is re-written as;

C®=K. § D)
I j.KiG,jtkti njk
Where; K = ;
(N-D(N- 2
Hence; K =K = i =0.0179

@)(7)

n (i
Therefore;C? = 0.0179. é L()

ke ki My

(Table ) shows deconnectvity. Node E conadion to

| happens to the moattractiveroute in the road network.

It follows by link B to I. From (Figure 14), it is realized
that majority of settlements sprout out from these links
and it shows the attractions from these links mageet
settlements$o themselves.
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Table 1. Node Connectivity

Node Connectivity Length é Ny é n, (i) c?
A (A-B) 2428.84 | 45 9 0.00358
B (B-1) 2162.79 81 27 0.00597
C (C-)3808.74 | 72 18 0.00448
D (D-1) 2515.78 81 9 0.00198
E (E-1) 2448.28 87 12 0.00617
F (F-) 3148.25 | 36 9 0.00448
G (G-1) 1897.08 | 27 9 0.00497
H (H-1) 2891.55 63 36 0.00341
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Figure 14. Explosion of Link B-I, E-I section

According to Populatiorend Housing Cengs report,  this means that route network/connectivity attracts
2010, the avege no. of households per dwelling is 4.0. settlement.

Hence population of the settlement lhsen the data  Considering the major links analyzed on the map in
analyzed can be estimated as showedT@ble 2) and terms & weighted vale, link El appeaed to have the
(Table 3). Based on(Tale 2), the dwelling size around highest weight and hence the mostseftlement isting
node | ishighest whichcorrespads to the significace  along its link. It acounts for 7.2per centof the entire
level of CBD integration within a road network. dwellings in Berekum township. The figeg accounted
Moreover, nodes E, G, and H have higher level of routdor herein in consideration of the dwellings and
connectivity around them compared to remva populdion regesens 7651 per cent Out of the
bounding nodes. This route interconnectivity value remaining 23.5%er centnot presentedn the (Table 2)
reflectsto the no. ofdwelling showed in(Table2) and and(Table3) 6.12 per cenbof dwellings sit &ong an
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Table 2. Population Distribution Around Respective Nodes

Node | No. of dwellings Percentage Population
A 358 2.1% 1432

B 298 1.7% 1192

C 220 1.3% 880

D 250 1.47% 1000

E 501 2.9% 2004

F 470 2.8% 1880

G 600 3.52% 2400

H 550 3.22% 2200

[ 6813 39.9% 27252

Table 3 Population Distribution Arou nd Respective Links

Link No. Of dwellings Percentage Population
A-B 0 0% 0

B-I 698 4.1% 2792

C-l 102 0.6% 408

D-I 200 1.2% 800

E-l 1232 7.2% 4928

F-I 315 1.8% 1260

G- 280 1.6% 1120

H-I 190 1.1% 760

undefined link between link8-1 and C-1 which wasnot
discussed earlier because of thmiqueness of its
argument to be raiseClose observatiomo (Figure 13)
shows thathe undefind link has no node and this could
be explained by thegint tha the link connects to no
town and hen the existene of this route could be as
results of coule of some engineering scrutiny. Hence
populations settling along this link do so dte the

referred aspre-requisite of civilization. Transpotian
aids the perquisite of civilization in two wayf#stly, by
making goods available over a wider geographical area
and secndly by increasing output ofjoods. Taking a
look at those nations that have been detme highly
civilized in the early histgr of the race, it could be

, inferred that thereexists a high degree of coglation

between their stage of advancement and the ofrt

existerte of this transportation route. Berekum town is atransportation. Howevernot ewery country built their

farming towvn and hege the unaccounted 17.4ér cent
settle in areas of fertile lands with less or no
consideration to access to transportafanility.

DISCUSSION
Road Network Influences Settlement Rate in a&iety

Road Network and its associated
opemtions is a powerful inflence inthe lives of
individuals and the nation but likeany other physical
factors in modern lifeit is ordinarily taken for granted
and its bizarre significance is al@oked. Progress of
civilization occurs mainly when #re is surplus of
resourcesrad timein the ives of the people and this is

civilization on the basis faransportation precisely ad
transporation but it may casually remain true that no
great civilization has beemuilt without some well
defined system of transportatioand road network.
According to ou aralyzed maps, road links with less
significance had less settlement sprout around them
meanwhile their end nodes have ancient settlement.
Already existing settlenma at nodes dithot manufacture
many settlements alorlgnks kut rather the signi€ance

transportationof the existing roads fueled the increment of cizéltion

and settlement in between the nede
Road Development Influences on Ecological Activity

Following the abog discussion, it is learnt that roads are
created besse ofchanging interactins betwee people



and their environments to help connectolased
settlements and also facilitatecass to natural resources,
to connect human communities. In the processoafir
development, several activitieaffect the eosysem
structures and processeChemial input from roads to
water bodies degrades theognd water quality and
results to bioaagmulation and moreover, diffusion of
chemical inputs by air degrades the @iality. Removal
of lump of soil material dueot earhworks results to
fluvial dynamics,sedment transport and flood ecology
during hydrdogical processes. Road development rtssul
to modified habitat directly or indirectly which disturbs
the density ath composition of animal species and
populations.

Road Devdopment Influences onEconomic
Development

Road Network and transportation che a maer of
economic development of @mea as it provides the basic
infrastructure for any kind of investmentdathe bridling
of its economic potentia(Rawat and Sharma, 1997)
Road Netwdk links producers to markets, workers to
jobs, students to school, and theksto hospitals, roads
are vital to any devefament agnda.Changes resulted
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and surface paved roads involves maeghhiques and
renders part of ther@a impervious and therefore, exhibit
higher runoff index. This contributes minute portion to its
effects on land cover bt it meansa lot to engineers and
planners.

Conclusion

The evidence presented in this paper shtivat there is
an improvement in an settlement, economic
development andand use after provision of integrated
road network. Therdas been economic nsformation
from hunting/gathering(farming) to market exciye
system of wider range of tradeAlso, settlement
population has increagegreatly within areas where there
exists road infrastructure. Based on the betweenness
centrality amlysis performed onthe berekum mp, it is
known that road infrastructures leavarious significance
levels and dependg on the level of significance,
distribution of settlement is been affectdd.the case of
Ejisu, it was realized that there is congast of
settlement ad hence extesion of road network away
from the urban aresa could attract new batch of
settlementd ease congestion.

from roaddevebpment stimulate economic responses inRecommendatiors

termsof trade, location choices or transposeuand thus

shape the ultimate d_evelopr_nent outcomes that policyrhe following recommendations have beerade for
makers seekThe kenefit accruing to road users could be settlement planning and distribution of populatidrtree

measured bythe @vings resulting fom the mw road
facilities in terms of time, fuel consunigh, tyre wear,
repairs etc. and by therapter travelling comfort ah
reduced accident risk. To @axtent such benefs can be
economically quantifiedan economidalancesheetcan
be drawn ugo testifythat

Road Development Influences on Land Cover

Whiles oads bring economic and sociatnefits, they

peple of Ghana/ Greater Acga region based on
observations of Ejisu @ahBerekum settlement analysis
results

1. Road infrastructure could be influgalt tool for
implementing congestieoontol operdions in urban
areas of Accra. Road infrastructures inirgin
areas/deeloping areas auld be developed to attract
business andegtlements to those areas from the CBD
zones. Diffusion of population couldradually be gained

can also come with social costs such as pollution obver the entire urbamreas ofAccra and CBD zones
deforestatin which disturbs the land cover over a pate o could finally be decongested autoiatly.

time. Robad deelopment attrac encroakes © the road
corridors and since they are aits through which the
economic conveyamc and trade pulses, traditional
activities of the people are modified. Develognt of
markets and business centers are daigkich dfects the
land cover many timesthe pace of time. Ejisu township
has a fertilednd and residents of the land were lilgra

2. Road Network and tranmortation could be a
maker of economic devepment due to its high affinity
for human settlement. Consequently, the ttaxhal
activities of the people are mdidd dueto its resulting
urbanization effects. Hence, it is ocaememnded that
transportation maesare provided in appropriate areas to
promote mobility of goods from the traditial activities

farmers which contributed enough the agricultural sectofather than encouragy settlement along such corridors.

of Ghana but overdecades of year running along
development ofroads, tleir ocupations changedo as
landcove. Moreover, construction of asphalt coneret
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