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1 ABSTRACT

The Fourth industrial revolution has created newlities on the spatial growth of urban areas. One
interesting phenomenon is the innovative publiogportation systems that have emerged in the deingjo
world. Developing countries such as South Africaehaeen a rapid improvement in mobility systemsh wi
the introduction of innovative public transport t®ms such as bike sharing services, bus rapidpoanand
high speed trains. Building on these innovationshis concept of big data, which has enhance the
development of information dissemination systenise ©bjective of this paper was to review innovative
public transportation systems and develop an ind&etermine the sustainability of these systensidJlan
explorative approach the innovative public trantg@n systems were assessed in relation to thiéakpa
development of land parcels within their proximityreliminary results reveal locations within close
proximity to the high speed train stations are lyigitcessible, as there are connected to more Oh&oo
other traditional mobility systems which has inee@ the rate of multi-modal trips in these zondthcigh
bike sharing services are present in major metigpokities, few commuters utilise these servioas f
commuting trips. In conclusion the innovative paliliansportation systems have improved mobilityhie
city, however, currently interchange zones betwH®se modes are still limited which has adversely
affected the rate of multi-modal commuting. Alscomeomic opportunities over time for citizens have
increased in location within close proximity to tesi of these innovative mobility systems.

Keywords: Innovative public transportation, Conmnett, Multi-modal, Sustainability, South Africa.

2 INTRODUCTION

Public transportation has over the past decadevedoNotable examples inlude the introduction ghhi
speed trains, bus rapid transportation and ridarghaervies. In developing world there has beegmnoavth

of interest in the concerpt of innovative urbanlfutsansport systems. Innovative public transpitauses
optimal efficiency to improve the communting expede as a whole. Within the innovation sector of
transportation planning, literature focuses on enmntation and dissemination of transportation
infrastructure and service delivery. However, thirea large gap in the literature related to eropily
evaluating the outcomes associated with publicsfyart innovation (Novak, 2015). Whilst there tedature

on how innovation can guide policy developmentrehs still a need for more research that evalutites
impact of innovation on mobility trends. To addrésis city authorise have developed models to ensur
sustainability within the transportation sector (@e& van Wee, 2013; Yatskiv & Budilovich, 2017).

With the urban population growing at such a rapitb rtransportation planning is consequently fagitd
challenges of optimisation of services and infrattire. Improving the commuting experience is esslein
bridging the inequality gap in most developing doi@s. Developing countries have set a sustainatilan
public transport (PT) trend, through the adoptidnimproved urban PT standards which facilitates
transformation through initiatives such as using-nwtorised transport, improved urban PT and mtybili
systems and providing pedestrian walking zonestigscpreviously dominated by automobiles (Veengman
2016; Pojani & Stead, 2015).

3 LITERATURE REVIEW

PT is an essential means of mobility for any citg &'s dwellers (Potter & Skinner, 2000). Publiarisport
provision provides for the needs of the urban desllwhile providing functionality to a city and st'
economy (Cardinale et al., 2014; Ryser, 2014; Sbewger, 2014). Central to urban public transpothes
ability to be accessible, reliable, convenient affdrdable to the commuters, making movement frora o
location to another possible (Scoppetta, 2014; &4¢z2014; Tan et al., 2008; Zhou, 2014). In tkigard,
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urban public transport paves a way for economiciasohealth and environment aspects of a city iéd
dwellers to thrive providing better livelihoods.g8ificantly, urban public transport plays a cruaiale in
reducing private motor vehicle use, traffic congmstind environmental pollution in cities across torld.
(Tanahashi et al., 2012; GMA, 2013; Tillner, 2014).

Urban PT has vastly evolved into a concept of bgttessibilities. Moreover, it has become the theatr
innovative ideas, opportunities as well as a platféo collaborate with different sectors in devatamt.
Although there is no common definition for innovati there are still many concepts surrounding énen t
(Cobbinah et al, 2015). The concept needs to beakag as it has elements lined to being smart laad t
Fourth industrial revolution (4iR). Countless authtave exhausted meaningful means to epitomize the
concept of innovative public transportation systemd many cities in the global north and southimrthe
process of implementing the concept as thorougrbastas they can (Zhukova & Smirnova, 2014).

Emerging research studies on mobility have focusetactors which have historically reflected theimas
levels of accessibility such as distance or timevben points of origin to destinations (CastilloB&nitez,
2012; Nil & Naciye 2004). In this interplay of pibltransportation provision, innovation is not lted to
creating new services and improving existing om@sovation is also required to reduce transactmrss,
enabling commuters to reach their target destinatitmproved travel time, connectivity and inforroat
dissermination are a few of the innovations thathaeen introducted to improve the commuting exnee
(Legara et al, 2014; Novak et al, 2015; Perl & 2p2015).

In an international context, different methods hdeen created to obtain new knowledge to develop
innovative urban PT, with some researchers focusimgsmart cities (Giffinger et al., 2007), trangpor
economics and urban geography (Miller, 2013; Gaal,e2013). Agostino et al., (2014) have articulaite
developing urban public transportation for an aggmtion, technology can be instrument for imprgvin
mobility. Currently, the state of urban public tsport in most developing countries is gradually royng

as evident in South Africa and Ethiopia that hamplemented innovative public transport systems mame
high speed railway systems and bus rapid trandparaytems in their metropolitan cities (Wilkins&Q09;
Yatskiv & Budilovich, 2017).

Building on such innovations over the years havenbeew phenomena such as the concept of big data,
which has enhance the development of informatigeatination systems. Big data has also been dedcrib
as “datasets whose size is beyond the ability oimonly used software tools to capture, manage and
process the data within a tolerable elapsed tirhe. iltegration of urban public transport and bitad#as
significantly enhanced the manner in which autleximanage and monitor spatial interests. Nonetheles
though the potential merits of implementing urbaiblj transport are vast, most African cities ait ®
integrate them into their daily practice, as masidt have the required mechanisms to do so (Armbeis

al, 2014; Cardinale et al, 2014).

Given such a background, the physical structureBTofsystems encompass the road networks, railways,
routes and stops represented by a multifacetedonletvi spatial and temporal data (Ceder, 2007; Hadsd

al, 2014). Kittelson & Associates et al., (20d¥8nce have expressed that in order to measureatysarthe
connectivity of PT systems, one needs to focushaeetkey factors: Firstly, the geographic locatithat is
area where the service is offered. Secondly, tpéeal aspects, that is the time factor associaitddthe
service and lastly focus must be given on inforomathat is how accessible is information regardimg
service.

Contemporary, information and communication tecbgigs (ICTs) allow public transportation providéss
tap into previously inaccessible sources of denigandstablishing an instantaneous connection withctty
(Geurs et al, 2013; Mateckia et al, 2014). Thisnspap new possibilities in origin and destinati@hx D)
analysis as people move around with various mat@iéces which are constantly sending informatiothto
internet, such as cell phones, tablets and smadhes. This will allow for more accurate locatiohtiop
distribution and also trace the various movemetworks. As internet of things (10T) has led to neavery
device and human being locatable and interlinkeatd®q, et al., 2015). This has greatly made madfgs |
simpler and transformed how decision making is dasenformation is now shared almost instantarigous
and at times automatically. However with this int@mectivity concerns of information security haesen
and a call for new means to ensure data is secisesgFarooq, et al., 2015). With the right calitds,
technology-driven structural change in public tportation systems, greatly reduced trave-times for
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commuter. Notable examples have been the high-spexds, ride-sharing services, and bus rapid
transportation.

4 STUDY AREA

Recognising that developing cities are differeng assess the metropolitan cities namely Johanesburg
Pretoria, Ekurhluleni and Cape Town in South Afifsae figure 1). All the four cities are run byelacted
executive mayor from a political party. The Gautemgnomic hub is made up of three metropolitare<iti
namely Johannesburg, Tshwane and Ekurhuleni. Thevative public transportation connecting the
Gauteng economic hub is the Gautrain, a high sgeaéd(figure 2). Johannesburg is the commerciplitah

of South Africa with a population of 957 441 peoplal a surface area of 1,645km2 (Stats S.A, 201H.
Rea Vaya is a rapid bus transporation which cosneatnmuters from the south of the city to the antr
business district of Johannesburg (Figure 3). dAeets located to the north of Johannesburg &sasvn as
the administrative capital of South Africa with arfeice area of 687,5 km2 and a population of 741 65
people (Stats S.A, 2011). A Re Yeng is a rapidtbarssporation, which connects commuters within regnt
Pretoria (figure 2). Ekurhuleni lies to the easfiofiannesburg and is known as South Africa’s matwiag
hub with a population nearly 3.2 million and a sod area of 1,975 km? (City of Ekurhuleni, 2013).
Harambe is a bus rapid transporation currentlydemplemented in Ekurhuleni, which is still at timiial
stages of operations. Cape Town, located in thetékfe€ape province of South Africa has a populatibn
433 688 people and a surface area of 400,3 km&(StA, 2011). MyCiti is a rapid bus transporatamich
connects commuters in central Cape Town (figure 3).
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Figure 1: Study Area

5 METHODOLOGY

Using an explorative approach the innovative putthoisportation systems in the metropolitan citiese
assessed in relation to the spatial developmentmd parcels within their proximity. Key informant
interviews were also used to unpack the statusofuoban public transport systems; while spatiahd&1S
Shapefiles) are used to visualize rail and roadermetworks of the urban public transport systems.
Consequently a workshop was conducted with a gommsisting of four spatial planners (i.e., urbad an
transport planners) from the four metropolitan esitiand 16 masters students from the University of
Johannesburg. An index was developed that ranlegublic transportation in the cities (see figuyeRbr

REAL CORP 2020Proceedings/Tagungsband ISBN 978-3-9504173-8-8 (CD), 978-3-9504173-9-5r(p)ri E
15-18 September 2020 - https://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, PetEILE, Pietro ELISEI,
Clemens BEYER, Judith RYSER, Christa REICHER, CapEhIK



Evaluating the Impact of Innovative Public Trang@ystems: a Case of South Africa

the various mobility systems each was ranked usiagleveloped Index factors and was given a scom f
0 to 100.
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Figure 3: Rea Vaya (Johannesburg) and MyCiti (Capenjow
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Figure 4: Index factors

6 RESULTS AND DISCUSSION

The results from the inital discussion concernipgtigl connectivity of within the metropolitain ieis (see
figure 5) reveal certain locations along the inniweapublic transportation routes namely Braamfomte
Rosebank CBD, Sandton CBD in Johannebsurg, Pre@B[& and Kempton Park in Ekurhuleni are highly
accessible, as there are connected to more thaorttiwee traditional mobility systems (mini-busgitand
other bus services) this which has increased the o multi-modal trips in these locations. Regagdi
connectivity to alternative mobility modes bike shg services are present in major metropolitalesitfew
commuters utilise these services for commutingstriphis has led to most commuting trips in thesesi
being undertaken either using road or railway basdilic transportation systems. The innovative titybi
modes were then assessed using the index factaisoas in figure 5. The results reveal variationstioe
utilisation of technology by the varies public tsportation providers such as the payment methatth, Avi

2

REAL ml SHAPLG URGAM CHANGE REAL CORP 2020: SHAPING URBAN CHANGE

FOR THE 21ST CENTURY Livable City Regions for the 21 * Century — Aachen, Germany




Thembani Moyo, Trynos Gumbo, Walter Musakwa, Emateulngwani

Re Yeng and Rea Vaya yet to develop a mobile paymethod. Also there are variations in the target
groups with the Gautrain targeting commuters witthie middle to upper class, whilst all the threpida
transportation targeting all income groups, howenitin jey focus on the middle income group.

Figure 5 : Innovative mobility modes in relationltalex factors
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Figure 6: Gautrain

In Gauteng the initial intention for investmentmmovative mobility was to improve the economid@éncy

of the rail system and consequently enhance thé&enhahare of the rail public transportation system
compared to road public transportation serviceseéond goal was to reduce travel time between aihw
the metropoliatn cities. The creation of high spead was the innovation introduced. The ineffestiess

of the existing rail public transportation requirad introduction of a new railway line, in the fowhthe
Gautrain. Using the index (figure 6), the Gauteras ta high connectivity level to numerous public
transportation networks. Investment into social imedpplications has greatly enhanced information
dessemination, which has led to many commutersiatil the Gautrain app, to obtain fare rates, tiblets
and also to plan their commuting trips. Commutergehalso welcomed the tag-in and tag-out systenchwh
can be done with either the train card or bank.c@fith regards to comfort, the train is reasonalumfort
however commuters have expressed the need for coonéortable seats at the train station. Lastly with
regards to sustainability over-time, the high spgadth has the potential to be the backbone tadhice
more innovation into the existing public transpboia system.
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Figure 7: Rea Vaya

In the city of Johannesburg, the Rea Vaya (busirapnsportation) connects commuters from the sofith
the city to places of economic interest, namely@eatral business district in Braamfoentin, Ros&heamd
parts of Sandton. The route network connects comrsitom Soweto (which has a population of over 1,2
million) to their work places. With such a high damd, this has led to the municipality investing on
infrastructural upgrades to support the system. i@oters can either use cash or bank cards to loayno
on a smart card, which allows them to pay for commmgutrips and tag-in and out of the bus statiosee(
figure 7). Regarding comfort and sustainabilitymeouters have highlighted concerns with the payment
system as the online payment network is unrealiaiidich has led to commuters seeking alternative
commuting modes. However given the high demanadanecting from Soweto to the CBD, the continued
investment into the Rea Vaya would greatly imprgvine commuting experience in the region.
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Figure 8: A Re yeng

In Pretoria the A Re yeng was recently introduaeihtprove mobility within the city’s CBD. The buapid
transportation, is within close proximity to tratidinal public transportation networks, however mar&e
yeng bus routes are still required (figure 8). tnfation dessemination is currently based on trawaki
means, namely signage at bus stops and little soedha useage. Fares can be made at disgnatezhstati
however commuters cannot tag-in with other meahgrd is still a need to expand the route network to
ensure sustainability of the system.
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Figure 9: MyCiti

Technology utilization in current public transpaoat systems, promises to increase commuter rideréi
the city of Cape Town, MyCiti (bus rapid transptida) is a notable example of innovative public
transportation. The route network is well connedtedther existing public transportation systenamnaly
train, ships and road based public transportatystems (figure 9). The smart card used for boarthiegous
can be utilised to make purchases at select shgppamtres. Regarding comfort and sustainability,
commuters have outlined the seats are funtionalcandafortable. The smart-card has over the yeara bee
praised for the multi-useability, this which hagadeto an increase in commuting trips undertakengusi
MyCiti.

7 CONCLUSION

In this paper from a spatial prespective, we oles#mat transportation routes are along commutertgaif interest which as some
advantages but is not always the best solutiomsore decentralitation of development. Moreoves,greferred
solution for one operator does not necessarilyaid@s with the national public transportation systebest solution.
In conclusion the innovative public transportatsystems have improved mobility in the city, howewerrently
interchange zones between these modes are sttibdirwhich has adversely affected the rate of rmtidal
commuting. Also economic opportunities over timeditizens have increased in location within clpseximity to
routes of these innovative mobility systems.
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