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ABSTRACT

Lagos metropolitan area is by far the largest and most complex urban area in
Nigeria. With ever-increasing population, the transport system in Lagos is
becoming complex in nature, due to the fact that, it combines different modes of
transportation over a limited space in high-density areas with increasing
transport demand. This research paper is to produce a GIS based transport
system in enhancing Bus Rapid Transit (BRT) and Railroad Transport system of
Lagos Sate. Point data (coordinates) of the train terminals and the BRT bus
stops were obtained by hand held GPS, which were marked waypoints, saved in
DXF fileformat and exported to AutoCAD environment. AutoCAD 2006 wasthen
used in digitizing and geo-referencing the BRT and Rail line maps. The image
obtained was overlaid using ArcGIS 9.2 on Lagos land use and street map
available on Map Source stand-alone application for the purpose of correct
alignment. A database was created and populated in the ArcGIS9.2 environment.
Line layers were created for BRT routes, Rail line and point layers for BRT Bus
stops and Rail Terminals respectively. In addition, a time and cost model user
interface application was developed using Visual Studios 2006 and ArcGIS9.2.
Routes analysis networks such as optimal route paths were carried out. Finally,
a mathematical model was developed for estimating the average number of
commuters, the number of vehicles for carrying such commuters, the number of
trips required by the vehicles as well as the revenue that can be generated for
such trips. It is recommended that a GIS controlled and organized transport
systemisa catalyst for effective transport systemin Lagos Statein particular and
Nigeria in general.
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INTRODUCTION
Daily activitiesof maninvolve moving from one placeto another. Such movements may
takelong distance. Essentialy, transportation isthe movement of goodsand peoplefrom
one placeto another through specified mode such asair, water and land (rail and road). In
Yinkore (2005), transport devel opment isone of theindispensable catalystsfor stimulating
thetempo of anation’ssocio-economic, political and cultura development. Thistherefore
imposeson every government theimperativefor thedevel opment of an efficient, flexible,
dynamic, and integrated trangport system asameansof binding the various components of
asociety at theloca government, state, nationd or internationd levels. Thelevd of trangport
developmentinany society largely determinesand reflectstheleved of development andits
functionin society. An efficient transport system stimul ates and enhancesthe productive
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usesof human and material resources and thus economic development of the society. In
thesocio-political context, trangport providestheinstrument for enhancing humaninteraction,
blending of cultures aswell as the integration of socio-political groupings. Nigeria
government'sinterestinthe provison of roads, highways, andrailway facilitiesismanifested
inthe enormousinvestment in thetransport sector. The demand for public transport in
Lagosmetropolisisvery high. Ogunsanya(1991) posits, many of the urban activitiesare
not located in one place and there is an increasing need for peopleto travel to work,
school, shopping and other placesinthecity so asto satisfy their daily need. To overcome
thedistance separating them from their activity requiresthe use of aparticular meansof
movement and thosewithout apersona vehicle must make use of the public transport for
ajourney. Adefolalu (1977) writesthat theinability of the supply aspect of the urban
transport isreflected in urban traffic congestion, auto-emissions, deteriorating urban
environment and air quaity in many urban aress.

InAbimbola(2004), public transport provisioniscapita and labour intensive.
Government owned bus companiesdid not meet therapidly rising need of the population
in Lagosand theassoci ated growing demand for land transport servicesand thisencouraged
the growth of private small bus operators. Bus public transport operationin Lagosis
characterized by highlevelsof fragmentation and indiscipline. It isestimated that 75,000
busesin Lagosisbeing owned privately. Existing rail corridorsarevery few and grosdy
under-utilized. The Nigerian Railway Corporation operatesonly onetrain per day ineach
direction of the Agegeto Iddo corridor. The National Inland WaterwaysAuthority, a
federa agency, regulatesthe use of thewaterwaysin Lagos. Both the Federal and Lagos
State governments provideferry servicesand have built anumber of jettiesalong the
waterwaysof Lagos. Thepotentia of both rail and water transport remainlargely untapped
asthey carry lessthan one percent of overall trafficin Lagos. Bolade (1994) postul ates
that the estimates or urban transport demand in metropolitan Lagosin 1990 ranged from
six million passenger tripsdaily and that the public transport share by road isabout 85-
90%. The Lagosareaistherefore characterized by traffic congestion.

Mass Trangt, according to White (1976), can be defined asahigh capacity means
of trangport of large number of peoplewithin agiven network with relatively short-term
head ways and reasonabl e turn round time. Byung, Soon and Jeong (2006) statethat in
generd, therearethreekindsof transportation modefor inland transportation from ports:
land, rail and water. It isworthwhileto notethat transport system organized in suchaway
that the variousmodes complement or supplement oneancther isregarded asanintegrated
or co-ordinated transport system (Issa, 2000). However, over concentration on road
development hasledtotheneglect of rail development in Nigeriawhichisthemost essentia
means of masstransit world-wide (NRC Hand Book, 1990).

BRT, Light Rail Mass Transit and GIS: BRT means Bus Rapid Transit. BRT isa
transport option, whichreliesontheuse of dedicated ‘interference’ free segregated lanes
to guaranteefast and reliablebustravel. The BRT busesrun on physically segregated lanes
(Figure 1) and thusmakethem runfaster in asituation wherethereistraffic congestion. It
isoneof thesevera optionsavailablefor tackling the huge public transport predicaments
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of Lagos. TheLight Rail Mass Transit schemeisaproposal tointroducealight Rail
Transit System within the existing Nigerian Railway Corporation (NRC) corridor from
Iddoin Lagos Stateto Ijoko in Ogun State. Geographic Information System (GIS) is
widdy usedindifferent gpplications. TheEnvironmenta SystemsResearch Ingtitute (ESRI)
(2001) defines Gl Sasan organi zed collection of hardware, software, geographic data
and personnd designed to efficiently capture, store, update mani pul ate, andyzeand display
of al formsof geographically referenced information. Certain complex operationsare
possible with GIS that would otherwise, have been difficult, time consuming and
impracticable. Experience hasshown that Gl Sisan effectivetool for solving optimization
task with spatially distributed linear objects such as railways, roads and pipelines.
Thirumalaivasan and Guruswamy (2000) in their work entitled: Optimal routeanalysis
using GI S (1999 —2000), make use of the Chennai City, thelargest City inIndiaasacase
study to help establish thefact that GI Sand remote sensing play avery important rolein
thetransportation and urban planning applications. A good railroad and busrapid transit
management system must be ableto show availability of trains, buses, trip schedules, and
trip fare, parking facility, number of lines, infrastructure, and the package detail s (Akjol,
2007). Bus public transport operation in Lagos is characterized by high levels of
fragmentation and indiscipline. Lack of organized publictransport system hasresultedin
thehighreliance on the privatetransport to providetransport services, which have created
achaotictransport systemin Lagos State. Thisresearch thereforeison BusRapid Transit
(BRT) andrailway transport systemin Lagos, the Gl Sgpproach. Thesoleamisto produce
a Gl Shbased transport system in enhancing Bus Rapid Transit and Railroad Transport
System of Lagos State. L agosstate islocated in south western Nigeriaand spansfromthe
GuineaCoast of theAtlantic Ocean for over hundred and eighty kilometresfromthe Bight
of Beninonthewest toitsboundary with Ogun Statein the east. The Lagos metropolitan
areaspreads over much of Lagos State (3345km?/1292sqg mile), whichislocated on four
principal idandsand adjacent partsof theNigerian mainland.

METHOD

DataAcquisition: Inthis paper two setsof datawere acquired, namely cartographic
(map) data and attribute data associated with the cartographic data. The cartographic
dataused includes: BRT map and proposed railroad network map obtained from Lagos
Metropolitan AreaTransport Authority, (LAMATA), and the operator of the Lagos state
transport services. Lagos|and use and street map avail able on Map Source stand-alone
application. Point data (coordinates) of thetrain terminalsand the BRT bus stopswere
obtained by hand held Garmin 76 GPS, which were marked waypointsand saved in DXF
fileformat to be exported to AutoCAD environment. The attribute dataused include: the
names of thetrain/bus stations, statistical dataof boarding count by stop gathered from
LagosBRT Evduation Draft Report maintained by LAMATA and Statistica dataof boarding
records obtained from the NigeriaRailway Corporation.

Data Converson: TheBRT map and therailroad network map were scanned in bitsdue
totheszeof theimages. Theimageswere brought into theAutodesk Raster Design 2006
onAutoCA D 2006 environment separately. Theimageswere selected and then they were

International Journal of Economic Development Research and Investment, Vol. 4, No. 1, April 2013 55



merged and geometric correctionswere made. Theimagewasthen saved separately for
georeferencing and digitizing process.

Projected Coordinate System: WGS 1984 UTM zone 31
Projection: UTM

Geographic Coordinate System: GCSWGS 1984

Datum: Clark 1880

The geo-referenced image was vectorized on screenin the computer system. Different
layerswere created for the variousfeatures. point feature and linefeature. After the geo-
referencing process, an overlaying processwas carried out ontheimagewith Lagosland
useand street map available on Map Source stand-al one application for the purpose of
correct alignment.
System Development: ArcGIS9.2 softwarewasdepl oyed in designing andimplementing
thisproject. Analyst extension wasdeployed extensively to creste: thegeodatabase, editing,
datamanagement and storage, performing spatia analysisand visudization. Thedrawing
(graphic) inAutoCAD that was saved asDXFfileformat wasexported intoArcGI S 9.2
and separated into single symbolsand converted to shape-filesof point, lineand polygon
themes.
LagosState BRT and Railroad Application: Visua Studios 2006 was used to develop
the Lagos State Rail and BRT application that can be used to managethe Rail and BRT
systems. Thisapplication devel oped to interact with thefeature classesand tablesin the
geodatabaseisarobust data-driven application expected to Add, Update, Manipul ate
and Query spatial and non-spatia data. The application can also sort and filter request
dataquickly. It was constructed with windows control such as: Textbox controls, Labels,
Command buttons, Group box, List box, Model form and objectssuch as: Binding Source,
TableAdapter and Rail_BRT projectgeodbaseDataSet.
Numerical Formulation for Estimating the Parameters of BRT and Rail
Transportation: The attribute data acquired (Tabes 1 and 2) was used to develop a
meathematical mode for BRT and Rail transport inLagos State. Thefollowing assumptions
were made:
I. Bussesor Trainsstop at all busstopsor terminalsalong aroute;
i. Operation timeisbetween 6 am-10 pm for the BRT (16 hours' timewindow)
and Railway transport systemis 12 hourstimewindow;
. Serviceisprovided al year round;

V. Boarding timeisequal to the combination of loading and unloading timeat bus
stopsor rail terminals;

V. Thetimetakento movefromthe start of routeto itsend isthe sameto go back to
thestart point and

Vi. Aroundtripisato andfromjourney.

Mode Formulation: Important formulated parameters are the number of commuters,
buses and trains, number of round trips and the revenue that can be generated.

Numerica formulasfor estimating thevaluesof theformul ated parametersare shown on
tables3and 4.
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RESULTSAND DISCUSSION

Figure 1 showsthe dedicated interference free segregated lane of the BusRapid Trangit.
Thislaneisnot plied by any other vehicleincluding private cars. Figure2 showstheentire
process of thejourney modd of the study. First, abusor atrain arrives at the bus stop or
rail terminal and startsloading. It then movesto the next station toload/offload until it gets
to thelast station and continues back to make around trip. Furthermore, all operators
work within atimewindow, which was assumed asthetime during which buses, or trains
wereallowed torun ontheroutes.

BRT and Railroad M ap: Thisstudy istheapplicability of GISin enhancing BRT and
Railroad transport system. Thefinal product of aGlSisadetailed map and alinked
attribute table. Figure 3 showsthe BRT and Railroad corridor map.

Spatial Database Query: Figures4 and 5 arethe queries showing all BRT Bus Stops
and al Rail Terminalsrespectively. Figure 6 showsthe query that definesall the BRT
routes networks.

RouteNetwork Analysis: Inevery developing areg, it isimportant to havein existence
reliableroutesfor movement intermsof theddlivery of goodsand therendering of services
sothat peoplecan get to their destinationsasquick aspossible. Inthisstudy, three scenarios

weretested, the optimum routefrommile 12tomile 2, TBStoIsolo andfrom
Barigato Ikgarespectively. Figure 7 showsthe optimum route from mile 12 to
mile2.

User-Friendly InterfaceM odel Manager: Thisisan applicationinVisual Basic, an
application that hasafamiliar appearanceto the user. It isacustomized event-driven
command application developed in thisstudy to aternatively accessthefeature classes
and thetablesin thegeodatabase. The stand-al one application model manager isexpected
to show the zonesinthe BRT corridor, the cost of travelling within/acrossthe zonesand
thetimeit takesto travel from onebus stop to another. Figure 8 showsthetimeit takesin
moving fromAnthony busstop to Barigabus stop. Given boarding del ay, traffic delay and
environmenta delay totaly 7 minutes, commuterstravelling thisroutewill spend 11 minutes
and would have covered adistance of 3.7982km if the bustravelsat aspeed of 55km/h.

ApplyingtheDerived Mathematical M odel tothe Two M odesof Transportation
The mathematical model wastested on two scenarios. Route A: Jibowu to Ikegjaand
Route B: Iganmuto Agegefor thetwo modesof transportation. Theresult (table 5) shows
that at present, BRT has more patronage than the railroad asamode of transportation
systemin Lagosmetropolis. Inaddition, given the patronage of the BRT transport system,
it generates morerevenuethan therailroad transport system. Whereasthe BRT can bring
inrevenueof N7,354,057.2 using 525 busesand carrying 105,057.96 commuterswithin
atimewindow of 16 hoursfor approximately 3 trips, therail road system hasN729,000
using 2 trainsthat make approximately 3 tripswithin atimewindow of 12 hoursand
carrying 6,075 commuters.
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Figurel: BRT, Dedicated ‘interference’ free segregated lane.
Sour ce: LagosMetropolitan AreaTransport Authority (LAMATA 2009).

Tablel

Mile 12
Ketu

Ojota

New Garage
Maryland
Idiroko
Anthony
Obanikoro
Palm Grove
Onipanu
Fadeyi
Moshal asi
Barracks
Stadium
Leventis
CMS

TBS
Total/dir
Daily total

Count 1-Weds 29" October

Southbound Northbound
19,122

11,332 3,684
15,070 1,076
373 81
2,385 1,549
2,670 1,028
2,708 3,216
1,335 2,225
1,867 6,657
2,182 10,016
7,506 8,638
3,269

5,104 7,285
2,993 4,974
12,394 9,334
2,816 4,937
10,578 9,575
77,916 7,216
154,133 150,980

: BRT Weekday Boarding Count by Stop

Count 2-Thurs 30" October

Southbound Northbound
17,411

11,265 5,778
14,660 839
559 54
2,670 2,161
2,984 967
2,699 2,677
1,688 2,432
1,992 6,872
1,869 11,312
7,506 8,130
3,474

3,092 4,487
2,992 6,562
74,861 76,118

Source: Lagos Metropolitan Area Transport Authority, (LAMATA); Lagos BRT Evaluation/Reporting/Draft Final Report, 1990.

Table2

Mile 12
Ketu

Ojota

New Garage
Maryland
Idiroko
Anthony
Obanikoro
Palm Grove
Onipanu
Fadeyi
Moshal asi
Barracks
Stadium
Leventis
CMS

TBS
Total/dir
Daily total

Count 1-Weds 29" October

Southbound Northbound
16,766

9,864 5,926
14,677 483
237 46
1,796 1,717
1,448 693
1,397 2,463
610 1,630
1,404 7,350
1,410 11,017
6,076 8,395
1,895

3,549 8,093
1,833 4,149
7,396 645
3,490 1,065
6,900 3,602
62,961 69,748
132,709 75,408

: BRT Weekend Boarding Count by Stop

Count 2-Thurs 30" October

Southbound Northbound
14,453

8,808 29
9,556 360

89 13

792 825
268 273
394 400
139 467
413 3,126
625 8,302
2,950 6,229
3,269

1,319 4,487
814 1,698
43,888 31,521

Source: Lagos Metropolitan Area Transport Authority, (LAMATA); Lagos BRT Evaluation/Reporting/Draft Final Report, 1990.
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BRT/Rail Transport-Starting Time

I
>L oad and Offload passengers

Start travel to next busstop or rail terminal

PLoad and Offload passenger

BRT/Rail Transport-Stopping Time

Figure2: Journey model of study.

Table 3: Constant parameters to estimates the formulated parameters and the values of constant

parameters
Notations
Fp

wd
Cpd
Zc

Tt

Description Input Values
Peak factor 1.02 for BRT
1.35 for Rail
Working hours per day 16 hours for BRT
12 hours for Rail
Loading capacity of vehicle 82 for BRT
1000 for Rail
Route travel cost N70 for BRT
N120 for Rail
Trip time As generated from route map.

Table4: Numerica formulasfor estimating theval ues of theformul ated parameters

Notations Description
BPD Boarding along a route per day
n
2% ylowest board
BPD =xFp =| -2 || 1+ W DO | 1
n y highestboard
TPR Number of round Trip along a route per day
TPR = WO2TL.. oot e et et s st s s 2
VPD Number of Vehicles required along a route per day
VPD =BPD/TPR X CPU....cooviee it et e s e 3
RPD Revenue generated along a route per day
RPD = BPD X ZC.ooueiviecririsieis serereieses sereesssssees sesssesssses sesesssssses sesns 4
Table5: Resultsof thederived mathematical model
Scenario Transport BPD TPR VPD RPD Difference Difference Difference
Mode in BPD in TPR in RPD
Route A BRT 78,875.07 3.66 262.81 5,521,254.9 73,475.07 1.08 4,873,254.9
Rail Road 5,400 4.74 1.14 648,000
Route B BRT 105,057.96 2.44 525.08 7,354,057.2 98,982.96 0.42 6,625,057.2

Rail Road 6,075 2.86 2.12 729,000
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Figure8: BRT/Rail model form showing BRT route, distance, andtime

CONCLUSIONAND RECOMMENDATIONS

Any journey by public transport congtitutesfour basic e ements: accesstime, waitingtime
at the bus stop, journey timein the bus and accesstime at the destination. It istherefore
expedient that transportati on network in urban setting alowsfor freemovement of people,
traffic and goodswithin ashort time. Gl Sisapowerful technology for effective planning
and management of transportation network. The mathematical model was developed for
estimating the average number of commuters, the number of vehiclesfor carrying such
commuters, the number of tripsrequired by thevehiclesaswell astherevenuethat can be
generated for such trips given some constant parameters. The effective and efficient
management of the BusRapid Transit (BRT) and Railroad transport systemin Lagoswill
depend largely on comprehensive, up-to-date, reliabledigita geographica database, which
ismanaged by acomputer technology such asGIS. Itisrecommended that themode isa
good basefor starting acomprehensivetransport datamodel, which will cover the needs
of transport planning and management of the city authoritiesand for private and public
companies, whoseactivitiesinvolvesomekind of trangportation data. In addition, adequate
transportation infrastructure and control mechanisms should be put in place by the
government and alaw enacted for traffic regulationin Lagos State.
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