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1 ABSTRACT

Globally, integrated urban public transport systémage been used as a solution to improve publitsprart
services and reduce reliance on private cars wasdists in reducing traffic congestion on the rodas
South Africa, Gauteng province is challenged duilth traffic congestion on the roads during certpgak
hours. Therefore, the government of Gauteng previnas developed innovative urban public transport
systems - the BRT system and the Gautrain systémnimprove the state of reliability and movement
frequency of urban public transport. However, therstill a lack of reliability and of seamlessveding.
This paper aims to explore locations where inn@eatirban public transport systems (BRT system and
Gautrain system) can be further integrated in tloeipce. The study adopted a qualitative reseasdigd
that facilitated the gathering and analysis ofigpdfaita and qualitative data from the innovativieam public
transport officials, commuters and GIS data (BRW &uautrain shapefiles). Results reveal that theee a
numerous locations that can be integrated wheremuders can switch from one urban public transport
system to another to improve travelling by publansport. The study concludes that this level t#gration
can create seamless travelling in the provinceeasy access to different modes of public transfdre.
study recommends that the identified locations needeceive attention as most commuters of these
innovative UPT systems are located around thessesard to use the created model of the study $o thi
effect.

Keywords: Urban Public Transport; Spatial IntegmatiGIS data; Reliability; Seamless travelling.

2 INTRODUCTION

Urban Public Transport (UPT) has become an inangas¢ed to transport people from origin to destomat
UPT is designed to reduce the various negative étspan the roads. In developed countries UPT fansti
well with periodic improvements. In developing ctiies such as South Africa, UPT is not functionatgts
best potential as planned, thus it struggles wittaeting most of the private vehicle owners on tbads.
Although Gauteng province has developed innovatiA systems it still lacks public transport network
connectivity within these systems. The objectivehef study is to identify a way to attract more WISErs.
Therefore, it aims to explore locations where marevative urban public transport systems (BRT exyst
and Gautrain system) can be integrated in the pceviThis is expected to improve the Gauteng poavin
UPT network and hopefully attract many new UPT siser

3 LITERATURE REVIEW

Burt (2014), defines transportation planning a®eperative process designed to foster involvemgrdllb
users of the system, such as the business commauanitymunity groups, environmental organisations, th
traveling public, freight operators, and the gehptdlic, through a proactive public participatiprocess
conducted by the Metropolitan Planning OrganisaiiptPO), state Department of Transportation (state
DOT), and transit operators. Transportation plagnand design choices have a direct influence on
development patterns, travel mode choices, infuagire costs, redevelopment potential, the health o
natural resources, and other community concerrasport planning/evolution and demand usually nedpo
to how communities’ function spatially (Redman kf 2013) and, in some cases, transport planningoea
used to force spatial change (Browning 2013). Feurttransportation helps shape an area’s econogaithh
and quality of life. Not only does the transpodatisystem provide for the mobility of people andd®m it
also influences patterns of growth and economiiwviacby opening access to land. Transportatiompiag

is more than listing highway and transit projettsequires developing strategies for operatingnaggng,
maintaining, and financing the area’s transpomat®ystem to achieve the community’s long-term
transportation goals (Burt 2014).
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According to Hidalgo (2009), the public transpoldrming phase is critical as part of an overalhplag
system, while the design element is tied to a mamagt plan as it will involve planning of routeddasiops
integrated with location and frequency of use. Whesdds to be considered at the strategic levelaoinphg
the public transport system is long-term stabititya high service quality for the public transpsystem to
influence urban development and create more sadli@ntransport patterns (Moyo et al., 2018).
Consequently, Mbatha and Gumbo (2019), state tlaining a public transportation system is a multi-
objective problem that includes among others lila@aming, timetabling, and vehicle scheduling. Facteof
these planning stages, there are known models@raheed solution techniques. Some of the modelssfoc
on spatial integration, others on commuter convergeDevising a transportation system is usuallyedoy
optimising each of these stages sequentially.

In some instances, the challenge is physical cdivitgc as some transport modes are not enterimgaice
locations and, in some cases, the problem liekarptanning phases. For urban public transportination
well, there are certain elements that need to bsidered. In the planning process, there is a tee&dd the
current demand and the relationship of movemenwdest different public transport modes and
environmental demands. There is a need to formalgtl@an which predicts future travel demand anderak
recommendations on how to deal with challenges night occur. The plan needs to assess whether the
proposal will meet demand and provide maximum kenefthe community. This includes monitoring
existing conditions, such as future population ¢ast and employment growth; assessing projectetiuaes

in the region and identifying major growth corridpidentifying current and projected future trarmsaton
problems and needs; together with detailed plansindies to analyse various transportation imprarém
strategies to address those needs. Urban publisgortation planning in South Africa has been owmg
over the years as more strategies from around trédvare adopted by the Republic. Several transport
modes have been implemented in order to improvestdte of public transport in the country. Bus Rapi
Transit & Speed train are implemented in orderdodb quality, efficiency, effectiveness and reliigypiof

the public transport network. Existence of thesel@sacan be found in Gauteng province.

3.1 Integrated Transportation Approach

Transport systems are complex and multi-dimensiongh many parts that compose the whole. The
objective of integrated transport planning is tadfia balance among these dimensions so that ptaanicth
investment decisions contribute optimally to th@remmic, social, cultural and physical potentialtoé
transport system and society in general. Integras@ concern with the whole, with common objezdiand
agreed desired outcomes. The different optionslsgaad points of view must be integrated to idgntif
realistic solutions to community problems. Integthtransport planning is more than coordinatedstrart
planning. It integrates multiple and sometimes-kictifig objectives to reach more sustainable trartsp
outcomes that contribute to community, industry godernment priorities. Further, it is significahat the
transportation network is well established from thegginning of the development, thus designs need to
incorporate links between roads to link and foremeeugh space for future vehicle movement and paten
smart transportation development. In South Afri@auteng implemented smart UPT, such as the BRT
system in the City of Tshwane (A Re Yeng bus), Bkieni (Harambee bus) and City of Johannesburg (Rea
Vaya bus). The development of these concepts play®ukitive role as it brought more alternativebRT;
however, it reduced the width of the road used thewovehicles - both public and private transplar&ding

to traffic congestion at certain peak hours. Hemewjronmental challenges and high human healkhatie
arising due to time spent on the roads where edeage noxious gases (Mbatha and Gumbo 2019).

3.2 Physical and Network Integration

Proximity to, and ease of access at mode inter@sage greatly enhancing public transport servidesce,
walkways must be carefully designed for passenggershange mode. Passengers must be within a short
walking distance from their residences to a trastsip. Cities like Hong Kong and Singapore havenlsdse
to build mass transit stops in the heart of neiginboods, thereby providing proximity to residencefices
and retail outlets. Bus and rail systems shouldrbategrated network whereby these separate nefveoe
complementing one another. Feeder services usisgshtrams or light rail should be designed to mese
the patronage of the trunk routes (Liu and Ceddr7pONetwork integration is closely linked to plodi
integration and both contribute towards the intégnaof infrastructure. For instance, it is relaliy easy to
change between different lines on the London Umdemgd (tube) network as tube stations have been
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designed with several interchange points betwebe tines (Moyo and Musakwa 2016). Cities such as
Hong Kong, Singapore and Kuala Lumpur have beea tabtedesign bus routes so that they feed into and
support the mass transit/metro lines (Luk and Gske2003). Similarly, London’s underground and ésis
connect with the overground heavy rail networkaket passengers to their final destinations. Anrgsde
part of network integration involves timetablingrngees so that intra-modal and inter-modal services
connect efficiently and effectively.

3. STUDY AREA

The study area is Gauteng province which providasyneconomic opportunities in the Republic witlaad
cover area of 18 176 m2/ The province is the hafagtonomic activity.
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Figurel: Gauteng Province [Source: Author, 2020]

The depicted map (Fig 1) indicates the study afeacording to Stats SA (2011), the population otiteéag
Province is 12,27 million. The study focuses on tbamal urban public transportation system in the
province, specifically Bus Rapid Transit (BRT) ®mmtand Gautrain system. The Gautrain system operate
in selected locations in the province; howevesgitvices all three metropolitan cities in the pnoe which
include the City of Johannesburg indicated in ted, City of Tshwane indicated in green and Ekunhiule
indicated in yellow. The BRT systems establishethéprovince differ in names and work in the deatgd
cities, and designated locations. In the City diwane there is A Re Yeng bus, in the City of Jolkabuarg
there is Rea Vaya bus and in Ekurhuleni thereedtaarambee bus.

4 METHODOLOGY

A mixed method research design was adopted wheatitaiive data and spatial data analysis was used.
Various research instruments were employed in théys Ten interviews were carried out with offigal
from different departments, including the JohanoggtiRoad Agency, Department of Transport, Gautrain
and BRT officials and Metropolitan Municipalitiesahsport planners/ They assisted in providinggimsi

for the study about the possibility of integratitiee different public transport modes (bus and jrain
general, and how to integrate the different erstité UPTs in the province. Accordingly, commutersrav
also interviewed to understand the commuter patand if there are any commuters who commute to and
from one metropolitan city to another. 20 differefdily commuters were interviewed who may have
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different experiences taking place daily. Purposiaenpling was adopted as it was necessary to conduc
interviews with informed officials and commutersic&IS assisted with creating Gautrain rail tradkRT

route maps were showing locations serviced, togetlith physical integration of the FUPT modes. BRT
data (shapefiles), Gautrain data (shapefiles)rviges and documented studies relating to thisysiuere

the sources of data. Experimental analysis was wad in order to develop a model through kriging
interpolation that explains strategies of identifyisuitable locations for integrating innovativebein Public
Transport in the province. Further, content analygs employed to review previous documented studie
Secondary data used was obtained from larger cege such as Scopus, Science direct, Sage and Google
scholar.

5 FINDINGS

The results obtained for this study were from haothrviews and kriging interpolation. Interviewsase of
the most important technique to collect data asaiehers can gather views of some of the importaat
players involved. Interviews conducted with theiaifls in Gauteng province, indicated that there ar
various alternatives of urban public transport nsoddich include both informal and formal urban bl
transport. The use of taxis, bus and train senacesin operation. Commuters using the City/Muratty
bus services are currently subsidised, based ofi-joutney ticket sales, by Gautrans in terms ofraarim
contracts. The subsidy funds originate from thegetdf the National Department of Transport (NDoT)
(Department of Transport 2007). The City of Johaboeg and the City of Tshwane have implemented the
BRT system to improve the state of formal urbanlipubansportation in the province for some timeileh
Ekurhuleni BRT is still new. Further, there areocalsains which include types such as Metrorail and
Gautrain. Metrorail has schedules which are slotwkuy cheap. On the other hand, Gautrain is vergkg

in terms of operating schedules but expensive & bmsplementation of the Gautrain system was both t
improve the state of urban public transport andcdanect the three metropolitan municipalities ie th
province.
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Figure 2: Gautrain and Rea Vaya Kriging Interpola{iSource: Author, 2020]

Officials highlighted that when these systems waggeloped plans put in place located these inngati
UPT systems not far from one another. Gautrain epesating through all three metropolitan citiegtd as
a spine and connect with BRT systems in the thiteesclt was found that the routes serviced by Bl
busses were mostly the busier routes. They wersechfor that purpose and could become potentiagérou
extensions planned to increase the BRT serviceth&r locations in the province. Accordingly, tetsategy
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could lead to the physical integration of numeromugtes in the province. Commuters indicated thateth
was also a need of spatial integration betweenwbesystems as some of them travel between andnwith
these three metropolitan cities and therefore tegrated system would be a positive asset for teszatl
UPT network of the province. Such integration wolgldd to seamless travelling which would less stuts
for individuals who are travelling within the prowe.

5.1 Kriging Interpolation

When performing the analysis of UPT integratiofis technique assists with creating a model thattifles
the locations suitable for BRT and Gautrain intégrain Gauteng province. This tool is important to
identify hot spots and cold spots of locations emiation.

The map (Fig 2) indicates the suitable locatiomgpfuysical integration in the City of Johannesbioetween
BRT Rea Vaya and Gautrain toward innovative UPTtHea index different colours are used to show
different concentrations. All the areas overlaid the location concentration indicate where there is
possibility for physical integration and/or a pdsigy for future expansions of these innovative TURodes

to develop an integrated UTP for Gauteng province.

Physically suitable Percentage of suitable locations : .

. ) X . ; Location Concentration
integration locations for integration%

Red 15 Extremely high Concentration
Orange 40 High Concentration

Lime Green 30 Moderate Concentration
Green 15 Low Concentration

Table 1: Suitable locations for integration in CSa{irce: Author, 2020]
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Figure 3: Gautrain and A Re Yeng Kriging Interpaat{Source: Author, 2020]

In the City of Johannesburg, Park station andutsosinding areas show extremely high concentratibich
is indicated in red. These locations indicateceish shows that it is suitable for physical integraiin the city
between Rea Vaya and Gautrain so that commutersvagch smoothly from bus to train. However, arefis
‘extremely high concentration’ in the city are véoy in percentages and only identified in Parkistaand
surrounding areas. ‘High concentration areas’ tehégher concentration percentage which is idestifin
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many locations in Gauteng province, moving towaRIsodepoort where future Gautrain stations are
proposed. Moving towards Ekurhuleni close to Bokghibere are also opportunities for future expamsib
the Gautrain station. Rea Vaya services occupy sither locations in Roodepoort. This indicates tila¢n

the Gautrain station is being developed in Rooddpdbis presents the possibility of future physica
integration between Gautrain and Rea Vaya. Consglguemoderate concentrated areas’ show a slightly
possibility of integration as there is transportwak of either Gautrain or Rea Vaya. This indicthtat there

is a possibility of whereby future stations of thésnovate UPT systems could be developed. Furkher,
concentrated locations indicate that possibilifies physical integration of Rea Vaya and Gautraia a
unlikely to happen. Below it is the map indicatisgjtable locations for physical locations in thayGif
Tshwane.

The map (Fig 3) shows Gautrain and A Re Yeng kggimerpolation. This analysis was conducted to
identify locations that are suitable for physiaalegration in the City of Tshwane between A Re Yand
Gautrain. Gautrain rail track, Gautrain stationd 8RT A Re Yeng routes were all added to make sehse
the suitable location areas for physical integratio

Physically suitable Percentage of suitable . .

. ) X . ) : Location Concentration

integration locations locationsfor integration%

Green 20 High Gautrain Concentration
Yellow 5 Moderate A Re Yeng Concentration
Red 20 High A Re Yeng Concentration
Lime green 55 Moderate Gautrain Concentration

Table 2: Suitable locations for integration in COT [Source: Author, 2020]

The above index of location concentration highlggtitat most of the areas that are concentrated@se to

the Gautrain rail track, Gautrain stations, A Renybus routes and A Re Yeng bus stations. All teasafar
from this have 0% of concentration where there @¢dug a possibility of innovative UPT integration.
However, if in the locations where there is concaian expansion of rail track, roads and statioosld
take place, there could be more concentration gihrout Gauteng province and more areas could be
identified for suitable physical integration. IretiCity of Tshwane, both a high A Re Yeng conceiutnat
area and high Gautrain concentration area are ifigeht Where these two-high innovative UPT
concentrations connect indicates the suitable dgshysical integration in the City of Tshwaneo$i of

the locations with high concentration which inclu@autrain stations and A Re Yeng station refert® t
possibility of integration, as there are existingtions around those locations. Moderate Gautrain
concentration also indicate a possibility of whemere stations can be developed in the province aand
possibility of physical integration could take padhe map (Figure 5) shows the integrated netvark
innovative UPT in the Gauteng province.

The map (Fig 4) indicates the integrated innovatiRl network of A Re Yeng bus in the City of Tshwan
Rea Vaya bus in the City of Johannesburg and Gautraving around all three metropolitan municipest

As mentioned earlier, there is a possibility ofegrating innovative UPT in Gauteng province asdhsr
spatial integration on some locations in the pro#inThis would lead to seamless travelling in Gagite
province. Rea Vaya bus in the City of Johannesbarmects physically with numerous Gautrain statiédns
Re Yeng bus in the City of Tshwane physically cangavith two Gautrain stations while the Harambeg b
is still new and only connects physically with astation in Ekurhuleni. Integrating the BRT systeithwhe
Gautrain system will create reliability in UPT aedsy access to different locations in the provifitere
are people travelling daily around the three metlitan cities for different reasons, mostly worldasthool.
Commuters travelling from the City of Tshwane te @ity of Johannesburg can use the A Re Yeng bus
from origin (home) and switch modes at a Gautraitian (Hatfield or Pretoria central) to a Gautr&in
travel to the City of Johannesburg. Consequenthemcommuters get to the City of Johannesburg, ¢taay
use Rea Vaya from the integrated areas between &@RITGautrain to travel to their destination (work,
school or place of interest). Further, Rea Vayaises a larger area in the City of Johannesburlydlieg
South Western Township (SOWETO), Tembisa, RoseledankTherefore, there are commuters from other
locations in SOWETO who travel to Ekurhuleni ana t@ity of Tshwane. Commuters from Soweto,
Tembisa can use Reya Vaya to travel to the Cifiysbfwane and Ekurhuleni by switching in betweenaak P
station to a Gautrain and travel to Ekurhuleni #rel City of Tshwane. When commuters reach the @ity
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Tswane they can switch to an A Re Yeng bus to thestination (work, school, home or place of irgére
and on the other hand when commuters reach Ekumhuleey can switch to a Harambee bus to their
destination.
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Figure 4: Integrated BRT and Gautrain Network [Soufaghor, 2020]

6 CONCLUSION

South Africa is a developing country with good ftiacing UPT modes. Gauteng province has developed
two of the world class UPT systems which are thd Bgstem and the Gauteng System. However, the study
has indicated that these systems are currentlintegrated which leaves a huge gap to commutersusbo
both UPT systems to reach desired destination. éftwe, an experimental analysis using kriging
interpolation was performed to identify locatiohsittcan be suitable for physical integration in Gauteng
province. In the City of Tshwane, the results hslvewn a possibility for physical integration betwe® Re
Yeng and Gautrain in Pretoria Central and Hatfhtion. In Johannesburg the results have also rslaow
possibility for physical integration in Park statiand other areas close by, and in Ekurhuleni Haeanis

still small but over time it will increase and iillassist to connect Ekurhuleni metropolitan witte two
metropolitan cities (COT and COJ). This shows thate is a possibility of bringing these servicagether
and create one integrated transport network thidfuwiction across the province. Furthermore, thalgsis
also indicated areas which are possible for fuexgansion for implementation of stations to exptrel
transport network.

7 URBAN PUBLIC TRANSPORT INTEGRATION MODEL

Figure 5 explains the model regarding how to idgrguitable locations for integration between theTB
system and the Gautrain system. Kriging interpotativas performed to designate suitable locatiors an
help to identify current cold and hot spots of kbmas that need formal urban public transport s®wi
When kriging interpolation was performed, first, Bain shapefiles and Rea Vaya shapefiles were
combined to produce desired locations for integratin the City of Johannesburg. Second, Gautrain
shapefiles and A Re Yeng shapefiles were combifsadta produce desired locations for integratiorhie
City of Tshwane. Kriging interpolation analysis wpsrformed with an ARCGIS software. Lastly, the
analysis also revealed locations that need serfethe expansion of this UPT network. Accordingiyn
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integrated network map was designed to show thegiation of BRT with Gautrain from the City of
Johannesburg to the City of Tshwane in Figure 4.

Suitable integrated locations

Figure 5: Spatial integration UPT model [Sourcethu, 2020]

8 RECOMMENDATIONS

Adoption of integrated UPT network across the progiis significant to attract more ridership of U&id
reduce private vehicle ownership and use on thdsroesulting in less car accidents, less GHG earissi
and producing smooth travelling from one city te tiext. This is important, as in South Africa ptevaar
ownership increases regularly every year. The maodet! for the study can be adopted in order totifglen
suitable locations for UPT integration.

9 FUTURE STUDIES

Integrated UPT system allow for reliable, effectigenvenient, safe, efficient and smart public $paort in a
certain place. The study focused on integratingiapainnovative UPT services in Gauteng provimvegh

the primary focus on both the BRT system and thetiGan system. If there is a possibility of intetyng
these systems, the above-mentioned factors wik tallace. Therefore, there will be a need for such
innovative UPT networks to connect all nine proesdn the country to create seamless travelling will-
functioning spatial integration. Future work witldk at integrating UPT networks throughout Southioaf
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