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1 ABSTRACT

Several developments that are tailored towardsntipeovement of transport integration, particulglyblic
transport systems have been taking place in mdsscof the developing world such as City of
Johannesburg. Improvement of public transport natiign begins with involving the all-inclusive
transportation chain instead of only focusing om @art of the journey, by facilitating spatial igtation
between diverse transport modalities (for instaheebus, walking and cycling) to allow for a muligjty in
travel opportunities. Using an exploratory reseatehign that involves an empirical enquiry to gated
analysed spatial and quantitative infromation, faper presents the extent of spatial integrationon-
motorised and motorised public transport infragties within the City of Johannesburg. The crowd-
sourced datasets derived from the geolocation basdxile application Strava were used in this stuiche
datasets illutsrate the spatial and temporal coeerd motorised and non-motorised pattens and s¢rémd
Johannesburg. Geographic Information Applicatiorrc(?S) was used to analyse and visualise the
geographical location of the motorised and non-me¢d public transport in the City of Johannesburg.
Results demostrate that the public transport iharge hub of the City of Johannesburg, the Partio8tes
the most integrated hub that serviced by both ns#drand non-motorised; and public transport corensut
at the station switch from one mode to another modeublic transport smoothly at a short walking
distance. Although, the results further reveal thea most of motorised and non-motorised netwarksnot
integrated; thus affects the effectiveness and @oiewntly switch from either motorised to non-mosed
public transport or non-motorised to motorised publnsport. There is therefore limited to norsig of
infrastructure between commuting, cycling and wadkiin the city. The paper recommends holistic
approaches in planning and development of both asmm cycling and walking infrastructures that are
connected to promote convenience and efficiengyubfic transport systems.

Keywords: Integration, commuting, cycling, walkingfrastructure.

2 INTRODUCTION

Transport is vibrant to development as it providesessibility to goods, services, employments, atiloreal
opportunities, family, social settings and economaxtivities. Without viable transportation, the bjyaof

life does not improve and poverty is prolonged. €Hects of inefficient transport systems in rypalts of
Africa, which rely on non-motorised transport is ihost basic form, are manifested in a lack of eiark
integration, poor provision of education and heakhvices, low productivity and low rates of regiband
local economic activity. Transport systems devedbipedeveloped countries may not fit well with tefety
needs of low income and middle-income countriesdorariety of reasons, including the differences in
traffic mix. In developing countries, walking, cy@y, motorcycling and the use of public transpaod the
predominant transport modes. In developed countsownership is high, and most road users drnichee
occupants. Despite the growth in motorised trartspodeveloping countries such as South Africaargée
portion of the population depends on non-motorfeeahs of transport, and this will continue for sotmae.
Walking is the cheapest, least space consumingtlamdnost economical means of transport for short
distances.

Non-Motorised Transport (NMT) includes Walking, Amal-Power and Bicycling, and variants such as
SmallWheeled Transport (skates, skateboards, pr@btess and hand carts) and Wheelchair travel. As a
mode of transport, non-motorised is available tacgt everyone. The majority of hon-motorised clafss
transport modes are healthy, non-polluting, veisatid reliable. They encourage local movementremte
support local community facilities. A shift awayifn private car use to hon-motorised transport uihiolgy
improving accessibility for the mobility impairedas a key role to play in using the existing roativork
more efficiently and delivering significant poteaitieconomic and environmental benefits to society,
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alongside tangible health and lifestyle benefitsifidividuals. Most transport in South Africa takdace by
road, ranging from walking on unpaved paths to maosport on well-paved roads. For the majority of
people in rural areas, walking is the only avagabption, even for transporting goods. Furthermorest
transport travel in South Africa is for essentigdd rather than for leisure.For very short triwslking is the
main mode of transport in most societies, rich oorp Indeed, most trips in all countries involvarso
walking as access and exit to the main mode.

Walking is the most important means of transportl@veloping countries, followed by public transport
Cycling has a smaller share of the total numbetrips, except for a few (big) exceptions. Generally
bicycles serve as a means of transport of goodpaople in peri-urban and rural areas, while iraorareas
the recreational purpose of cycling is importangclidg is another type of nonmotorised transpoit th
incorporates bicycle, roller skates, in-line skasdateboard, skates, tricycle, cycle trailer, eyotkshaws,
wheelchair and baby carriage. Non-Motorised Trartspoovides many indirect benefits. A community
designed for walking and cycling must be compastrigny destinations are within convenient distawfce
each other), connected (with streets that allowatitravel), designed at a human scale, have imadtiand
attractive sidewalks and paths, have effectiveesias to control traffic speeds, and feel safeuloerable
users. Increased non-motorised travel tends todwmgpcommunity cohesion (the quality of neighbourly
interactions), security and aesthetics. These ffeatprovide many benefits besides just mobilitynige
transportation improves people’s lives in differerdys among others, a child can get to school,sacte
economic activity, and health care services.

The 1996 White Paper on Transport Policy aimedettuce dependence on the private car and promote
other, more sustainable modes of transport sugbubbkc transport, animal-drawn transport, walkingda
cycling. Local authorities are expected to refldus approach in their annual Integrated Transpde.
Non-motorised transport such as walking, is th@seanost significant mode (after car travel), and heen
identified as making an important contribution heede aims. Encouraging an increase in levels of non
motorised activity is consistent with the developinef integration, social inclusion and sustairnigpiin
transport and other areas of social activity. Usingxploratory research design that involves anirgcap
enquiry to gather and analysed spatial and quéwmétanfromation, this paper presents the exterspztial
integration of non-motorised and motorised pubBm$port infrastructures within the City of Johasineg.

3 METHODOLODY

This study adopted an exploratory research desigexplore the extent of spatial integration of non-
motorised and public transport infrastructure witttie City of Johannesburg. Thus, the Exploratgatial
Data Analysis (ESDA) was utilised. ESDA is a gaihgrof techniques to visualise and describe spatial
distributions, identify spatial outliers or atyplicautliers, discover patterns of spatial associgtmusters of
hot spots, and suggest spatial regimes or otheansfoof spatial heterogeneity (Anselin, 2012). The
exploratory approach was used to formulate thearebeproblem for precise investigation, and to gath
complete and accurate information.

Accordingly crowd-sourced datasets derived fromgéelocation based mobile application Strava MEiro

the City of Johannesburg were collected to visadie cycling patterns, trends and distributiothi city

for the year 2017. Although the Strava dataset®whosen as they had been proven to be usefulesoafc
data for cities such as Portland Oregon and Brisl{&trava, 2015). The datasets illutsrate the apaitid
temporal coverage of motorised and non-motoriséteps and trends in Johannesburg. Strava Metro has
three licences, namely: (1) Streets, (2) Nodes(@8n@rigins and destination licenses.

The study was unable to acquire the street to eedju streets and nodes license which gave hiasights
into cycling patterns. Although, the City of Johasburg currently does not have any informationyaring
patterns, thus the Strava Metro was a suitablecsoaf data providing such information. Accordingly,
origination and Destination license was obtained thcords that start and end of cycling polygdivdies.
Datasets received from Strava were in the dbf drapefile format. The dbf contained all the cycling
attributes whilst the shapefile contained the (sbuof where the cycling activities took placete city as
well as motorised public transport sytems netw@@asutrain and Rea Vaya BRT).

In this study, the data was spatial interpreted aisdalised using Geographic Information Applicatio
(ArcGIS 10.3). Cycling patterns were analysed tho kriging interpolation method on the basis @& th
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frequency, time as well as the origin and destimatiThe analysis was at city and neighbourhoodl.léte
neighbourhood level spatial analysist, spatiaisttas and map algebra functions of ArcGIS 10.3amvesed
to calculate the cycling trips, the originating atesbtination polygons.

4 RESULTS AND DISCUSSION

The total humber of cycling trips recorded by Strdwtetro in Johannesburg was 84297 for the year 2017
(from January to December). Only about 20% of thelieg trips recorded are for commuting, whilst
recreational trips accounts for approximately 80Rthe cycling trips in the City of JohannesburgblEal
below illustrate the total cycling activities fdre year 2017 in the City of Johannesburg.

Activity Trips Percentage
Commuting 16844 | 20%
Recreational | 84297 80%

Total 84297 100%
Table 1: Cycling activities for the year 2017 in dohesburg.

It is observed during the study that the higheshlmer of cycling trips are in the summer monthsa&8Q),
September (7786), October (8928), November (1099&¢ember (6578). In the middle of winter (Jund an
July months) the patterns is common for both reémmeal and commuting cycling patterns. During tlas,d
the cycling trips follow a discernible pattern, wienost cycling activities peak in the early moghhours
between 06:00 am and 09:00 am and peak again beti&60 pm and 17:00 for both recreational and
commuting.

The drawback of conventional and traditional methofidata collection techniques on cycling pattesunsh
as traffic counts, is that they cover a limitedtspaxtent and are often cumbersome to condudt dtrave
Metro data this is circumvented, as it covers atirgpatial extent (national, provincial and locaiy it is
regularly updated. Figure 1 illustrate the spatalerage of cycling activities within the City of
Johannesburg in 2017.
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Fig. 1: The spatial coverage of cycling activitigghin the City of Johannesburg in 2017.
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Fig. 3: Recreational cycling trips in Johannesborglie year 2017.

It was observed during the study that the nortlard northwest surburbs such as Parkview, Carslwald,
Hyde Park, Sandton, Randburg and Midrand comphisdiighest number of cycling activities; with betne
1675 8320 cycling trips in a year 2017. Hyd Parl adjacent suburbs in Sandton are the hot spots of
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cycling activities in the city. This pattern is @alarge in both recreational and comunting cyclisee figure
2 and 3). Notably, the Kibler Park, southeat of ¢ftg is the hot spot for both recreational and pauting
cycling activites. The townships such as Lenasthsanme part of Soweto located in the south of ttyeace
cold spots of cycling activites with limited to roycling activities. Figure 2 below illustrate comtimg
cycling trips in Johannesburg for the year 2017jlstHigure 3 illustrate recreational cycling trips
Johannesburg for the year 2017

4.1 Analysis of motorised and non-motorised spatial irggration

During the study revealed that most of most of mietal and non-motorised operations are spatial
disintegrated. There is limited to no sharing dfastructure between commuting, cycling and walkimthe
city. Gautrain and Rea Vaya public transport maatesspatially disintegrated with the cycling adies (see
figure 4). In most of public transit stops therents adequate cycling and walking infrastructured pablic
transit stops are not well accessible for non-risatit transport. Thus this affects the effectivermsd
conveniently switch from either motorised to nontarsed public transport or non-motorised to mctexi
public transport. The rusults further demostratat the public transport interchange hub of the @ity
Johannesburg, the Park Station is the most inedgyraub that serviced by both motorised and non-
motorised; and public transport commuters at théaost switch from one mode to another mode of gubli
transport smoothly at a short walking distancguFé 4 below illustrate the spatial coverage of & and
Rea Vaya public transport modes as well as Johhongsycling activites.
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Fig. 4: The spatial coverage of Gautrain, Rea Vayhaycling activities within City of Johannesburg.

From the spatial coverage illustrated above inréigd, facilitating the integration of cycling andlgic
transport modes is found to be capable to enldmgeatchment area for transit (Risimati and Gur@dbag).
The predominant approach for integrating cycling @&mansit modes is to bring cycling on board transi
vehicles. Altough, Rea Vaya with the City of Jobisgommitted to building cycle lanes, safe bikerage

at bus stations and even cycle maintenance cel@rggently the City is busy with constructing 5 loh
dedicated cycle lanes in Orlando, Soweto; impleingrtycle lanes from Melville to Park Station astpd

a University Corridor which will, in the followin§jnancial year, extend from Park Station to Doontéin;
design dedicated cycle lanes as part of complegetstin Orange Farm and Ivory Park with a focus on
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schools; and develop an Integrated Transport Né&twdnich will include long-term city wide public
transport, cycling and freight network. Joburgigehbility is highlighted in the Growth and Develogmh
Strategy (GDS2040), which serves as a guidelinedating a city that will be inclusive and susthieain

the future. During the consultative sessions fdrudg's Growth and Development Strategy (GDS2040),
cycling was among the potential solutions to cotigasn the city's roads.

The City of Johannesburg is committed to encouagéng among commuters. Teaming up with the City,
Rea Vaya, will ensure each station has safe bdwage facilities and also plans bike service statior bike
repair. According to the City, "Investing in thelgic realm in the immediate vicinity of such fatiis such
as upgraded lighting, CCTV, public conveniencesalan support cyclists. The broader movement petter
to and from the Rea Vaya, Metrorail and Gautra@tighs and major taxi ranks are being identified tre
relevant paths and streets upgraded with pavensgigge, lighting. This is already underway irpees of
Rea Vaya in Soweto." Creating a network of ped@stand cycle routes is meant to protect people trars
and other traffic, which is essential to grow tle@ylarity of cycling in the city. "So in addition aiming for
streets to be '‘complete’ there will be a focusreating continuous routes and networks througtcyiading
and pedestrian infrastructure that is created @ dbmplete streets programme. The aim is to craate
dedicated network of high quality-pedestrian andling routes," said the City. The City’'s Framewdok
Non-Motorised Transport (2009) has mapped ten ipyiaetworks, using multiple criteria for designitige
routes. The priority areas for this network indézht potential, more extensive network based orettiog
short trips (under 8 km) that are made in the gemlods for the present and also looking forward4o0.

5 DISCUSSION

5.1 Improving bicycle and pedestrian environments

Improving the cycling and pedestrian environmend idesirable method for enhancing the non-motorised
transit access and promoting transit rideershipititrduction of bikeways and sidewalks to the adto
dependent or auto-dominant streetscapes, complike street furniture, landscaping, pedestain-scaled
lighting, and other features, makes roadways moviing for people to travel by bicycle or on fodthe
areas around the stations and stops covered bicptdoisport systes should be expanded by 42% thiger
implementation bike lanes. Further places frompthklic transport stations or stops can reach thécseif

a safer and more comfortable bicycling environmisnavaialable. In addition, the cycling and walking
infrastructure is much less expensive to build ewaghtain that highways and parking garages.

5.2 Integration cycling and public transport modes

Effort facilitate integrating cycling and publiatrisport modes are found to be able to enlargeatohment
area for transit (Risimati and Gumbo, 2018). Thedpminant approach for integrating cycling and gitan
modes in the United State is to bring cycling oarddransit vehicles. “In the year 2015, about af%ew
United State buses were equipped with exteriorimgatacks, up from 32% in 2001 (Neff and Dickens,
2017). Thus, compared with the costs of increasaigcars, buses and automobilr facilities, itmsich
cheaper to istall cycling racks at public transdps and stations. Cycling racks have been popwitr
commuters, but they frequently run up agaianst agpaonstraints, typically two or three cycles loms’s
front rack. An alternative to bringing cycling omdrd transi vehicles is bike-sharing programmege Bi
sharing programes have been observed as ways tesadihe first and last mile problem and to connect
commuters to public transport networks.

5.3 Promoting cycling-based transit oriented developmen

Studies have demonstrated that land use significanpacts traffic mobility and an effective appobato
reduce vehicle travel is through land use planiiRigimati and Gumbo, 2018; Moyo and Musakwa, 2016;
Wei et al., 2017). Transit-oriented development D)JOs a strategy that attracts more people ans
employment situate within walking or cycling distanto transit to promote public transport riderstinal
mobility. TOD involves very will the number of polation and employment opportunities within public
transport catchment areas. A common consideragitimait the larger the catchment are is and theed¢hs
population and employment opportunites are; thadrighe transit travel potential is (Andersen aaddex,
2008). The more people residing and employed arquidic transport stations, the grater the proligbil
that the service will be used. Using cycling-tramsitchment areas in City of Johannesburg as TQlingo
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units allows more population, especially familiegkhwno cars, to access a wider variety of servimed
opportunities by transit.

In the land use and transportation planning, cammgcemployments, institutes, and services with
communities through public transportation, accongzhmvith safe, direct, and comfortable cycling asc®
public transit at communities and other activitggnwould increase the safety and number of cyliagsit
trips in the city. In the cycling-based TOD deveatamt, the availability of secure and convenienkioay is
critical for better integration of bicycle and pigbtransport systems. Improving the availability pafrking
near public transport systems stops is beneficigbromoting cycling-transit trips (Pucher and Beehl
2009), and good-quality cycling parking facilitiage most useful to regular commuters (Bachand-Marét
al., 2011). Priority sitting of parking amenitiesan the public transport loading zone allows cygliransit
operators to be free from carrying cycles up or miastairs or through large crowds of public transit
commuters, and this is especially helpful to cleiigrfemale, and elders. Facilities, including laskeycle
cages, and storage rooms, for long-term parkingallys four or more hours), and bicycle racks foorsh
term parking should be provided associated withelrdemand. Bicycling could be off-limits to somepé&
who need to tote kids around, providing a kid'd secbikes may be a possible solution to expandiiecof
bicycle and enhance cycling-transit integratiorkidfriendly bike sharing providing tiny bikes aheélmets
for toddlers allows kids to ride with families aedcourage more kids to bicycle. By introducing vieey
young generation to the green transportationbélseficial to preparing for the future of a morstainable
society.

6 CONCLUSION

To conclude, this study explored the extent of iapatitegration of non-motorised and motorised bl
transport infrastructures within the City of Johesiourg. The crowd-sourced datasets derived from the
geolocation based mobile application Strava werefulisin this study. Although, the study results
demostrated that the public transport interchange df the City of Johannesburg, the Park Statiothés
most integrated hub that serviced by both motoressdi non-motorised; and public transport commudiers
the station switch from one mode to another modeudic transport smoothly at a short walking aliste.
Although, the results further reveal that the moktmotorised and non-motorised networks are not
integrated; thus affects the effectiveness and ewiewntly switch from either motorised to non-mased
public transport or non-motorised to motorised puhlitansport. As such, improving the cycling and
pedestrian environment is a desirable method fbaecing the non-motorised transit access and pingiot
transit rideership.the introduction of bikeways asidewalks to the auto —dependent or auto-dominant
streetscapes, complete with street furniture, leayisg, pedestain-scaled lighting, and other featumakes
roadways more inviting for people to travel by lileyor on foot. The areas around the stations tojuss
covered by public transport systes should be exghray 42% after the implementation bike lanes.
Furthermore, Bike sharing programes have been wbders ways to address the first and last milelpnob
and to connect commuters to public transport néksvdn addition, Transit-oriented development (TOI2)
been chosen as a strategy that attracts more paopleemployment situate within walking or cycling
distance to transit to promote public transporerétiip and mobility.
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