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ABSTRACT 

Within the corpus of accessibility measures is the Net Wage After Commute, which describes 
the potential wage earnable less the transport costs incurred to commute to work from a 
particular location. This paper explores the time-series development of accessibility, using 
this poverty-relevant metric, in low-income residential areas of the City of Johannesburg, 
biennially from 2009 to 2013 when accessibility patterns were altered as a result of major 
investment in the Bus Rapid Transit (BRT) system. The results suggest that significant 
changes in accessibility are driven by improved affordability rather than spatial coverage 
enhancements, which were very marginal in the case of Johannesburg. A difference-in-
differences approach is adopted to explore the effects of access to the BRT on the subjective 
well-being of lower-income households. The model fails to find evidence that the additional 
accessibility provided by the BRT improves the general sense of well-being in the 
communities it serves. We hypothesise that the incremental accessibility improvement is so 
small as to be overwhelmed by other social drivers of well-being. We do find evidence 
however of well-being improvements among the narrower cohort of actual users of BRT, 
especially in terms of their satisfaction with the amount of free time they have. This suggests 
that the BRT in Johannesburg is beneficial as a transport project, but not yet as a general 
urban intervention able to leverage wider improvements in life satisfaction within served 
communities. 

1. Introduction and background

Transport and planning policy is prioritising the improvement of transport accessibility and 
equity across various regions in the world; it is no different in the Gauteng province (GPG, 
2012; CoJ, 2013).  Located in the polycentric province is the City of Johannesburg (CoJ) 
which is South Africa’s largest and most dynamic economy (Todes, 2012). However, despite 
its economic success, the CoJ grapples with relatively high levels of poverty, unemployment 
and inequality (Todes, 2012; CoJ, 2013). During the apartheid era, non-white groups were 
relocated to residential areas which are predominantly located in the peripheries of the CoJ 
(Todes, 2012). This resulted in low-income groups residing in areas that were politically 
excluded from receiving adequate funding, therefore, these residents suffered from poor 
infrastructure and service delivery (Todes, 2012).  

The Reconstruction and Development Programme (RDP) was introduced in 1994 as a 
poverty alleviation strategy which involved, amongst other things, providing housing to the 
urban poor. However, RDP housing continues to be developed within or close to these low-
income residential areas due to escalating land prices in the city centre (Todes, 2012; CoJ, 
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2013), perpetuating the spatial exclusion and the financial and travel time burden 
experienced by low-income groups. To combat this historic spatial exclusion, the CoJ 
introduced the “Corridors of Freedom” as an initiative to drive spatial integration through 
land-use and transport interventions (Venter, 2016). The first of these corridors of freedom 
was introduced during the study period (2009 – 2013) through the introduction of the Bus 
Rapid Transit (BRT) system dubbed Rea Vaya (CoJ, 2013; Gotz et al., 2014). The Rea Vaya 
Phase 1A corridor operates between Soweto (a low-income residential area) and the 
Johannesburg CBD. Since its implementation, Rea Vaya Phase 1A has resulted in 10% - 
20% travel time savings for its users and it has assisted in the transition of minibus taxi 
drivers from informal employment to formal employment with Rea Vaya, doubling their 
annual income (Carrigan et al., 2014). However, the poorest residents of the CoJ are not 
significant beneficiaries of this project, only receiving 4% of the project benefits (Carrigan et 
al., 2014).  

The question of whether BRT systems deliver equitable and pro-poor outcomes is closely 
related to the extent to which they enhance the accessibility of poverty populations (Venter et 
al., 2018). Despite the body of theoretical and empirical work that has been done on 
accessibility, there still appears to be a poor understanding of the social meaning of 
accessibility benefits and how such benefits translate into well-being improvements across 
different groups of a population. The use of accessibility measures to better understand the 
wider social benefits of transport investments is hampered by a shortage of empirical studies 
that examine the relationships between accessibility and social outcomes. Accessibility, its 
social benefits, and the various forms of exclusion are dynamic concepts which should be 
thoroughly assessed over time, individually and interactively. This study will attempt to fill this 
gap by unpacking the effects of the introduction of the Rea Vaya BRT and its associated 
accessibility on the well-being of Soweto residents. Through a case study of selected low-
income residential areas, the study aims to: a) measure the time-series development of 
accessibility, using a poverty-relevant metric, over a time period when public transport was 
expanded through the introduction of the BRT, b) identify and measure the extent to which 
investment in public transport, particularly BRT, contributed to these changes in the 
accessibility patterns of the urban poor, and c) attempt to identify wider social benefits, in 
terms of subjective well-being, of accessibility improvements driven by public transport 
investment.  

Following this introduction, the paper is structured as follows: Section 2 provides a 
background on accessibility and commonly used accessibility measures, an introduction to 
the accessibility measuring technique used in this study, as well as the documented 
implications of accessibility improvements on the social fabric. Section 3 presents the data 
used to compute and map accessibility over the analysis years, and the data and 
methodology used for the regression model which estimates the average treatment effect of 
the BRT on well-being. Section 4 presents the results of the research in two parts: a) the 
time-series changes of accessibility, and b) the regression model results. Finally, Section 5 
concludes the paper and provides recommendations for policy and future research.  

2. Accessibility
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In literature, accessibility has been measured to various activities or opportunities, using 
several modes of transport, both quantitatively and qualitatively, thus it has taken on an array 
of definitions over the years (Geurs & van Wee, 2004, Martin & van Wee, 2011). Dalvi and 
Martin (1976) defined accessibility as “the inherent characteristic (or advantage) of a place 
with respect to overcoming some form of spatially operating source of friction” (Dalvi & 
Martin, 1976). Morris et al. (1979), defined accessibility as, “some measure of spatial 
separation of human activities”. Cervero (2005) defined accessibility as “a product of mobility 
and proximity, enhanced by either increasing the speed of getting from point A to point B 
(mobility), or by bringing points A and B closer together (proximity) or some combination 
thereof”. In this study, accessibility broadly describes the ease or difficulty of reaching a 
destination or opportunity from a particular location (Bocajero & Oviedo, 2012; Venter & 
Cross, 2014). Typically, opportunities refer to job opportunities, as one of the largest 
responsibilities of a transport system is to connect workers to jobs, and improved 
accessibility to employment has been linked to economic and social benefits (Iacono et al., 
2010; Grengs, 2010). However, destinations of employment are not the only essential 
destinations, thus there are studies that explore accessibility to other essential opportunities 
such as healthcare, schools and recreational activities as these destinations have also been 
tied to improvements in quality of life, refer to (Iacono et al., 2010; Kenyon, 2011; Kett & 
Deluca, 2016; Guzman et al., 2017).  Ease or difficulty, in the broad definition of accessibility, 
is also known as impedance, and it is typically measured in units of travel distance and travel 
time. However, there is evidence of a growing inclination for including travel cost and/or 
competition for opportunities as measures of impedance, (e.g. Bocajero & Oviedo, 2012; 
Venter & Cross, 2014; Rodriguez et al., 2017). 

There is significant social value in accessibility both as a theoretical construct and as a 
potential spatial planning tool; as Martens (2017) puts it, “the distinct social meaning of the 
transport good lies in the accessibility it confers to persons”. Accessibility can aid in the 
identification of areas subject to transport disadvantage, subsequently answering questions 
of transport equity (Morris et al., 1979; Cervero, 2005) , and it can act as a social indicator by 
identifying the level of accessibility to essential activities necessary to provide persons with a 
high quality of life (QoL) (Geurs & van Wee, 2004). Ultimately, monitoring projects from a 
perspective of accessibility provides a more holistic view (Cervero, 2005), hence the 
increased interest in accessibility amongst academics (Venter & Cross, 2014).  

Accessibility is rarely measured over time; some recent examples of such studies include 
those of El-Geneidy and Levinson (2006); Foth et al. (2013); Koopmans et al. (2013) and 
Condeço-Melhorado et al. (2017). The value of a longitudinal analysis, in this study, is its 
ability to allow for the assessment of the accessibility impacts of transport interventions, 
simultaneously adjusting variables that are subject to temporal change, which would not be 
achieved through a cross-sectional analysis. In addition, the time-series measurement of 
accessibility can be used as a tool to assess the performance of land-use and transportation 
planning policies (El-Geneidy & Levinson, 2006).  

2.1 Accessibility measures  
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Geurs and van Wee (2004) highlight a number of accessibility measures in their review, 
amongst which two of the most commonly used measures are gravity-based measures and 
threshold type measures. Both of these measures have been applied extensively in transport 
literature across the developed and developing world, the latter including South Africa in 
studies by Venter and Mohammed (2013) to explore a possible relationship between 
transport energy consumption and accessibility in the Nelson Mandela Bay (gravity-based 
measure) and van Dijk et al. (2015) to explore the effects of tolls on the public transport and 
private vehicle accessibility across various income groups in the Cape Town metropolitan 
region (threshold type measure).  

Although these measures have been widely applied, they do have some shortcomings. One 
of the shortcomings of the gravity-based models is the determination of the impedance 
function which assumes a commuter’s perception of the rate of loss of attractiveness of an 
opportunity as it becomes more difficult to reach (Geurs & van Wee, 2004; Venter & Cross, 
2014). Empirical data has revealed that a negative exponential function is the most suitable 
impedance function; however, the value of the exponent can take on a value anywhere 
between 0.5 and 3, depending on the trip length, trip purpose and other trip attributes 
(Hansen, 1959). Consequently, the accessibility measure is not always easily understood by 
policy and decision makers (Hansen, 1959; Cervero, 2005; Venter & Cross, 2014). The 
specification of the arbitrary cut-off point in threshold type measure, can be a shortfall of this 
measure as it only considers opportunities that fall within that arbitrary travel time or travel 
distance threshold, thus excluding opportunities beyond this threshold that may be 
considered accessible by a commuter if the individual component is incorporated into the 
accessibility measure.  

2.1.1 Measuring accessibility in the developing world 

In recent accessibility literature in the developing world, where affordability of transport is a 
significant challenge, there has been an increase in research exploring the effect of 
affordability of transport services on the accessibility afforded to residents. This has been 
executed with particular interest in low-income residents who tend to experience the financial 
burden of travel that is often attached to residing in the peripheries of cities, significantly 
dislocated from the centres of economic activity (Bocarejo S. & Oviedo H., 2012, Venter & 
Cross, 2014, Falavigna & Hernandez, 2016, Guzman et al., 2017). Falavigna and Hernandez 
(2016), who analysed the affordability of public transport services for the urban poor in two 
cities in Latin America, found that for the poorest residents of each city to achieve the same 
mobility as the corresponding middle-income group, it would require them to increase their 
transport expenditure by more than 30%. However, transport expenditure alone, does not 
provide a sufficient depiction of transport affordability (Venter, 2011). This is acknowledged in 
the accessibility measure developed by Bocarejo & Oviedo (2012) which adapts a gravity-
based measure to explicitly incorporate affordability, which is expressed as the percentage of 
income spent on travelling, in the impedance function. The results revealed that, in certain 
instances, dependent on various factors, the improvement of affordability can have a greater 
impact on the accessibility to opportunities than the expansion of the public transportation 
system. Although transport expenditure alone does not adequately reflect affordability, 
transport expenditure data together with objective and subjective data can allow for a 
valuable comparative analysis regarding the use and ability to use transport services (Venter, 
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2011). Incorporating cost or affordability as a form of travel impedance in an accessibility 
measure can allow for the incorporation of the individual component into the measure, in 
terms of the financial means to commute to opportunities, ultimately providing an indication 
of equity across various income groups and areas and potentially informing means to 
achieve equity (Bocarejo S. & Oviedo H., 2012, Falavigna & Hernandez, 2016). 

In the South African accessibility literature, there is use of traditional accessibility metrics 
(Venter & Mohammed, 2013; Dijk, Krygsman et al., 2015) and even the application of newly 
developed accessibility measures such as the access envelope technique developed by 
Venter and Cross (2014). This new measure was a step towards explicitly incorporating 
travel cost into an accessibility measure while combatting some of the shortcomings of the 
more commonly used traditional accessibility measures. Travel cost considerations in 
accessibility measures are particularly imperative in the South African context provided the 
high unaffordability of public transport services. StatsSA (2014) revealed that the average 
household transport expenditure in Gauteng had increased from the OECD (2011) value of 
21% of monthly household income to a value upwards of 26% of monthly household income 
for nearly half of the households in Gauteng (Gotz et al., 2014). At 21%, Gauteng was one of 
the least affordable regions in Africa followed by Lagos, Nigeria whose households spent just 
short of 15% of their monthly income on transport. 

2.1.2 The development of the Access Envelope Technique 

The development of the access envelope technique was prompted, amongst other things, by 
the necessity to explicitly account for transport expenditure in the South African context, over 
and above the traditional travel time and distance impedance measures, in a relatively easily 
communicable and understandable accessibility measure. This eliminated the use of a 
traditional gravity-based accessibility model due to the interpretability challenge created by 
the use of the impedance function. The access envelope technique also makes use of actual 
public transport routes and frequencies as opposed to estimating the travel time and distance 
based on the road network (Venter & Cross, 2014). Subsequently, this requires the analysis 
of an entire region within which the transport networks operate in order to capture complete 
routes. Therefore, the only applicable threshold would be the boundary of the selected study 
region instead of an arbitrary threshold based on travel distance or travel time as typically 
observed with the use of traditional threshold-type measures.  

The access envelope technique is implemented using a Geographic Information System 
(GIS), a common tool for mapping accessibility, refer to (Miller & Wu, 2000; Delamater et al., 
2012; Ford et al., 2015).  Venter and Cross (2014) describe the access envelope technique 
as, “a planning tool for measuring the impact of both transport and job or housing delivery on 
the location-specific affordability of job access at a community level for poor households”.  
The following is a list of the input data required to determine the level of accessibility to 
employment opportunities (Venter & Cross, 2014):  

 Spatial distribution of jobs: These jobs must suit the typical education level and/or
skill level of residents in the locations of origin. The spatial distribution of jobs in the 
CoJ was obtained from the Gauteng Transport Model job location data. 
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 Potential wage levels: This is the average potential daily wage earnable in each 
zone across various employment sectors for low-income groups in the CoJ. The 
wage is increased with inflation from one analysis year to the next. 

 Walking times: The access and egress walking times to and from public transport 
stops. The walking speed was taken as 5km/h. Walking was also the only NMT mode 
that could be used to complete a commuter trip from origin to destination, however, 
there was no fare associated with walking, therefore, the “cost” of a walking trip was 
only incurred once the travel time budget was exceeded and the travel time penalty 
sustained.   

 Waiting times: The average waiting time was accepted as half the headway of the 
mode used. 

 Public transport costs: The public transport networks, fares and associated fare 
structures. The fares considered were the daily trip fares, which are slightly more 
expensive than the fares offered through purchasing weekly, monthly or yearly 
tickets. The fare structure adopted for all the modes was a linear distance-based fare 
structure (with the exception of the Rea Vaya BRT in 2011 which had a flat fare 
structure).The public transport fares were obtained from the CoJ Public Transport 
Record (Noble & Bickford, 2013), and were adjusted with inflation to determine the 
fares across all the analysis years. The inflated fares were validated using fare data 
from the various public transport mode websites, with the exception of the informal 
minibus taxi service. For the minibus taxi, the most widely used mode in the CoJ 
(CoJ, 2013), inflated fares were validated through field data collection at major taxi 
ranks in the CoJ.  

 Speed of transport mode: For road based modes, this was expressed as a 
percentage of the speed limit of the road section along which the mode travels.  

The accessibility measure for this technique is dubbed the Net Wage After Commute 
(NWAC) and it describes the potential wage earnable to reach a job destination less the 
transport costs incurred to commute to the destination from a specific location. By explicitly 
including transport costs as a form of travel impedance, this technique becomes sensitive to 
these costs as well as operational shortfalls that force commuters to transfer along routes, 
which usually comes in tandem with the payment of an additional fare and travel delay 
(Venter & Cross, 2014). Previous applications of Access Envelopes have examined access 
patterns for taxi, bus and rail in Tshwane (Venter & Cross, 2014), and compared various 
BRT feeder strategies in Johannesburg (Venter, 2016). The NWAC is computed as follows: 
 
௜௝ܥܣܹܰ

௠ ൌ 	 ௝ܫ െ	2 ∙ ௜௝݁ݎܽܨ
௠ െ 	2 ∙  ଷ             (1)ݒ

 

Where, ݒଷ ൌ 	 ቊ
ൣ൫ݐ௜௝

௠ െ ܶ൯/ܪ൧ ∙ ௜௝ݐ	݂݅				,௝ܫ
௠ ൐ ܶ	

݁ݏ݅ݓݎ݄݁ݐ݋																																,0
           (2) 

                     
௜௝ܥܣܹܰ

௠ is the NWAC from zone i to j using mode m, expressed in Rands/day. ܫ௝ is the 

average daily wage earnable for all jobs in zone j, expressed in Rands/day. ݁ݎܽܨ௜௝
௠ is the fare 

incurred to travel from zone i to zone j using mode m, expressed in Rands. ݐ௜௝
௠ is the travel 

time, in minutes, from zone i to j using mode m. ܶ is the travel time budget, which is 
approximately 60 minutes per direction, and ܪ is the working time per day in minutes. Based 
on travel behaviour literature, it is assumed that commuters in the South African context have 
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a travel time budget of 60 minutes per direction; 120 minutes per day (Venter & Cross, 
2014). If commuters exceed the travel time budget, it is assumed that this reduces working 
hours and subsequently decreases the take-home pay. The computation of this travel time 
penalty is described by equation 2. The travel time penalty acknowledges that if commuters 
exceed their daily travel time budget, they may compensate for this in manners that affect 
their income such as paying for additional hours of child care.  
Figure 1 displays the average NWAC decay as a function of travel time, with and without 
imposing the travel-time penalty for a selected origin and destination pair that is roughly 
40km apart. As indicated on the graph, the travel time penalty for the same origin-destination 
(OD) pair will differ based on the mode used and its associated fare, speed and route. 
Observing the NWAC decay for the train (excluding the penalty), it is evident that for this OD 
pair, this is lowest cost mode as it results in the highest final NWAC, however, due to 
decades with no investment in the service it is dilapidated and offers uncompetitive travel 
times (CoJ, 2013) resulting in significant travel time penalties.  
 

Figure 1: Average NWAC decay with travel time (including and excluding the travel time 
penalty) 

Ideally, an accessibility measure should contain four components: i) land use, ii) 
transportation, iii) time, and iv) individual (Geurs & van Wee, 2004). The NWAC measure 
incorporates the land-use component with the spatial distribution of jobs, the transportation 
component through the various public transport modes considered and the time component 
through the temporal impedance associated with the travel time penalty incurred for travel 
times that exceed the assumed travel time budget. At this stage, the access envelope 
technique makes assumptions regarding the earning potential of low-income commuters by 
matching jobs to the typical skill-set of a low-income resident. However, through the 
validation of such a measure, actual individual parameters can be incorporated in terms of 
the income earnable based on the level of education, ultimately creating a holistic 
accessibility measure.  
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In comparison to traditional measures of accessibility, this measure is more intuitive than 
gravity-based models while incorporating elements of this model such as the loss of 
attractiveness of destinations that are further away through the travel time penalty. The 
access envelope technique also eliminates the need for an arbitrary travel time or travel 
distance threshold typically required to use a threshold-type measure by using the study 
region boundary as a threshold. Two shortcomings of the access envelope technique are: a) 
its current inability to assess accessibility to opportunities that do not have an obvious 
associated monetary benefit (i.e. wages), and b) it is a relatively new technique that is yet to 
be validated as a robust transportation planning tool. This paper adds to the existing body of 
knowledge of this tool and explores its capabilities in measuring accessibility over time, 
potentially offering guidance on the refinement of the tool for future applications, particularly 
in the developing world. 
 
2.2 Accessibility and social outcomes 
 
In various studies, transport accessibility has been linked to quality of life (QoL) and social 
exclusion (Kenyon, 2003; Preston & Rajé, 2007; Delbosc & Currie, 2011; Venter & Cross, 
2014). Transport-related social exclusion refers to the inability of residents to participate in 
the social or economic spheres of their communities due to poor accessibility to opportunities 
caused by insufficient provision of transport infrastructure and/or insufficient means to travel 
(Kenyon et al., 2002). According to Titheridge et al. (2014), low-income groups endure the 
most adverse effects of these causes of transport-related social exclusion such as high 
transport fares. Due to the combination of being located in the peripheries and the lack of 
sufficient opportunities within these peripheral neighbourhoods, low-income households are 
more prone to experience limited access to essential opportunities and the consequences 
thereof (Combs, 2017).  This is evident in the CoJ, where low-income residents residing in 
the peripheries of the city travel more than 25km on average to look for work, suffering a 
significant financial and travel time burden (Gotz et al., 2014). This provides strong rationale 
for investing in new PT systems to reduce exclusion. Recent research in Colombia questions 
whether public transport investment in BRT systems has reached the desired effect of 
reducing social exclusion and allowing low-income households to meet their mobility needs 
refer to (Jaramillo et al., 2012; Combs, 2017). 
 
Bocajero & Oviedo (2012) stress that transport affordability is a critical element to consider 
as a means to improve accessibility. Transport affordability is a key transport challenge in 
Gauteng; the 2011 QoL Survey revealed that one of the greatest concerns facing public 
transport users in the CoJ was the cost of service (Gotz et al., 2014). In fact, most low 
income groups resort to non-motorised transport (NMT) modes, not by choice, but because 
public transport is not affordable and/or it is not easily accessible (Gotz et al., 2014). The 
resulting consequence of inadequate transport accessibility leads to social and/or economic 
exclusion and compromises the QoL of residents.  
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3. Data and methodology 
 
The methodology covers a time-series analysis of accessibility in selected regions of the 
CoJ, as well as the difference-in-differences technique used to estimate the effects of BRT 
implementation on the well-being of Soweto residents.  
 
3.1 Public transport services 
 
The public transport services operational in the CoJ are the minibus taxi, Metrobus, Metrorail 
and Rea Vaya BRT. The minibus taxi is an informal service which has a nearly ubiquitous 
network. This mode is the second most expensive mode in the CoJ following the Metrobus 
(Noble & Bickford, 2013), which also has a widespread network with average route lengths of 
27.2km (CoJ, 2013). Unlike the minibus taxi, this mode is subsidised by the government, 
however it remains the most expensive mode operating in the city. The Metrorail is the 
lowest cost public transport mode in the city, however, it does not serve most of the 
decentralised economic nodes and residential areas to the north (CoJ, 2013). The first phase 
of Rea Vaya (Phase 1A) became fully operational in February 2011 and it operates between 
Soweto and the Johannesburg CBD. Rea Vaya Phase 1A constitutes of 22km of bi-
directional busways, 25km of mixed traffic lanes used by complimentary buses, 29km of 
mixed traffic lanes used by feeder buses and 31 stations. Annual passengers in 2011/2012 
were 8.8 million, which increased to 10.2 million in 2012/2013 (CoJ, 2013). The public 
transport routes and associated fares for all operational modes in the CoJ were determined 
for the years 2009, 2011 and 2013.  
 
Table 1 reflects the modes considered in each analysis year as well as the corresponding 
change in fares. In 2009, only three modes were considered. In 2011, four modes were 
considered and at this stage Rea Vaya used a flat fare structure which was as follows: the 
cost of using a feeder route was R4.50; the cost of using a trunk route was R8.50; and the 
cost of using both the feeder and trunk route was R12.00. In 2013, the same four modes as 
in 2011 were considered, however, Rea Vaya BRT used a distance-based fare structure 
following the introduction of the Rea Vaya smartcard in 2012.  
 
Table 1: Public transport modes and associated fares 

Year Fare 
Minibus 

taxi 
Metrorail Metrobus 

BRT Phase 
1A Trunk 

BRT Phase 
1A Feeder 

2009 
Base farea 5.88 3.9 6.65 

No BRT Distance-based 
fareb 

0.17 0.050 0.30 

2011 
Base farea 6.95 4.61 7.86 8.50 4.50 
Distance-based 
fareb 

0.20 0.059 0.35 - - 

2013 
Base farea 7.35 4.87 8.32 5.28 
Distance-based 
fareb 

0.21 0.063 0.37 0.24 

a: measured in Rands  b: measured in Rands/km 
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3.2 Net Wage After Commute (NWAC) 
 
The access envelope technique computes the accessibility from a selected origin zone to all 
other zones on a study surface. The NWAC metric seeks to reflect the objective of a worker 
or work seeker that trades off travel time and cost in such a way as to maximise his/her take-
home pay at each given location and doing so might require selecting a combination of 
modes by which to travel to the destination. In practical terms, maximising the take-home pay 
will typically be achieved through the use of the lowest cost mode (including walking); 
however, once the travel time budget (in the present case 60 minutes per direction) is 
exceeded, higher cost but faster motorised modes may be used in order to avoid 
encroaching onto the available working time for the day.  
 
To compute the NWAC, the CoJ was divided into roughly 19000 hexagonal zones and the 
output of the accessibility analysis from a selected origin zone is a map of the study surface 
graphically displaying the NWAC at every zone on the study surface from the selected origin 
zone. Therefore to allow for ease of comparison between different origin zones and over the 
analysis years, the following summary measures were determined to capture the effects of 
transport affordability, job location and travel times on job accessibility: 

 The number of jobs accessible with NWAC greater than R85/day: This gives an 
indication of the number of jobs a commuter can access while retaining a reasonable 
NWAC (assumed to be R85/day). This amount of R85/day is based on the 
assumption of a single breadwinner and a household size of four (the average 
household size in the Gauteng City-Region based on the 2009, 2011 and 2013 QoL 
surveys). A sole breadwinner in such a household will have to take home R85 a day 
to ensure that each individual in the household lives above the lower bound poverty 
line (ignoring equivalence scales). The lower bound poverty line, as defined by 
StatsSA (2014), is the line below which food items are sacrificed to afford other non-
food goods such as transport.  

 The number of jobs accessible within 60 minutes of travel time: This gives an 
indication of the spatial distribution of jobs within 1 hour of travel time from the origin. 
Origins that score high are either within close proximity to economic nodes and/or are 
well-served served by faster modes of public transport. 

 Average NWAC of the closest 200,000 jobs: This gives an indication of the 
distribution of the NWAC in the immediate surrounding of the origin location while 
controlling for the number of jobs. Origins that score high are either surrounded by 
high paying jobs or low transport costs in conjunction with shorter travel times. 

 
3.3 Time-series development of accessibility 
 
A time-series analysis of accessibility, defined by the abovementioned summary measures, 
was conducted to determine the changes of accessibility over time in the various low-income 
regions. The residential areas selected for the case study were: Alexandra, Soweto, 
Diepsloot, Orange Farm, Lawley, Lenasia, Lenasia South and Ennerdale (see Figure 2). 
Non-white groups were forcefully relocated to these areas, with the exception of Alexandra, 
during the apartheid era. Alexandra residents were successfully able to resist relocation 
(Todes, 2012), however, like all the other areas, Alexandra still suffered from poor 
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infrastructure and service delivery. These regions accommodated and continue to 
accommodate predominantly low-income 
households, which is the main premise for their 
selection. An additional reason for the selection 
of Soweto, in particular, is the increased 
likelihood of observing the changes brought 
about by the BRT implementation in that region. 
From each of the selected analysis regions, 30 or 
more sample zones were randomly selected and 
the NWAC surface computed for each origin. For 
each of these selected regions, average 
summary measures were determined and 
compared over time.   
 
A four quadrant plot was used to understand the 
interaction between two of the accessibility 
summary measures as well as the changes of 
that interaction over time for each of the low-
income residential areas. The x-axis is defined by 
the number of jobs accessible with NWAC>R85 
(NWAC index) and the y-axis is defined by the 
number of jobs accessible within 60 minutes of 
travel time (TT index). Each summary measure 

was standardized about the overall average which was taken across all regions over all three 
analysis years. Therefore, a value of 0 on the plot indicates that the average accessibility 
measure for that region is equal to the overall average and a value of 1 indicates that the 
average accessibility measure for that regions is 100% greater than the overall average. A 
schematic of the four quadrant plot is displayed in Figure 3, detailing the accessibility 
attributes of the various quadrants. A cross-sectional analysis was conducted to illustrate the 
effects of geographical location on the distribution of accessibility amongst region residents. 
This was done through a cumulative distribution plot where the x-axis recorded the 
percentage of jobs accessible with NWAC>R85 on the entire study surface and y-axis 
recorded the cumulative percentage of zones in each region. This provides an indication of 
the total number of opportunities available on study surface as well as the extent to which 
these are accessible within the various regions.  
 
Although a time-series analysis has its benefits, the lack of sufficient time-series data to 
accurately capture the temporal change of the input variables presents a challenge for a 
longitudinal study. In this study, wage levels and transport fares were adjusted over time, but 
the spatial distribution of jobs was assumed to have remained constant as no better 
information was available. It was unlikely, however, that job densities would have changed 
substantially enough over the short analysis period to affect the results.  
 

 

 
 

Figure 2:  Analysis regions in the CoJ 
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3.4 Estimating the impact of BRT implementation on subjective well-being 
 
3.4.1 Research design 
 
A difference-in-differences (DID) approach was adopted to explore the effects of accessibility 
improvements driven by public transport investment in the BRT in Johannesburg on the well-
being of Soweto residents. DID is one of a few commonly used statistical techniques that 
estimate average treatment effects (ATEs); previous applications of the DID methodology in 
transportation research include Bocajero et al. (2013) and Combs (2017). Two other 
commonly used techniques are propensity score matching and regression discontinuity 
design. Propensity score matching attempts to estimate the effect of a treatment by 
accounting for all the observed variables that predict receiving the treatment. Although this 
technique controls for selection bias, its main shortcoming is that it cannot account for the 
unobserved variables that may affect receiving a treatment, and this could subsequently 
introduce additional bias (Blackford, 2009). This approach may be particularly problematic in 
the estimation of the ATE of a transportation project, whose route placement is typically 
based on a myriad of variables, both observable and unobservable. The time and group 
dimensions of a difference-in-differences approach allows for accounting for some of these 
unobservable variables (provided they are constant over time) depending on the method of 
selection of the treatment group, and the model may be strengthened by adding observed 
individual-specific covariates in the model (Lechner, 2010). 
 

 

T
T

 in
de

x 

NWAC index 

High access 
 Locational advantage. 
 Little to no travel time 

penalties incurred to 
access all major 
economic nodes. 

Low access 
 Locational disadvantage. 
 Large travel time penalties 

are incurred to access all 
major economic nodes. 

 

Moderate access 
 Locational advantage.  
 Moderate travel time penalties 

are incurred to access some 
decentralised economic nodes. 

Moderate access 
 Locational disadvantage. 
 Moderate travel time penalties 

are incurred to access all major 
economic nodes. 

 Availability of sufficient 
disposable income to offset some 
travel time penalties. 

Figure 3: Four quadrant plot schematic of accessibility summary measure indices 
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Unlike the DID design which assumes the control and treatment group would follow a similar 
trend in the absence of the treatment, the regression discontinuity design is applicable in 
experiments where there is a specified cut-off criteria pre-treatment to identify participants 
most in need of the treatment, thus maximising the difference in the outcome variable 
between the control and treatment group pre-treatment (William, 2006). It is not suitable to 
assess the average treatment effect in this study as there was no known specified cut-off 
criterion pre-treatment to ensure the route was placed where it was most needed within 
Soweto. 
 
The DID model estimates the effect of implementation of the BRT in Soweto on the well-
being of Soweto residents. Satisfaction was taken as a proxy for well-being; in-fact, the terms 
have been used interchangeably as both capture the subjective evaluation of one’s life 
(Diener et al., 2009; Delbosc, 2012). The effect of the treatment is estimated on two areas of 
satisfaction: a) Satisfaction with life as a whole and, b) satisfaction with the amount of free 
time the respondent has available to him- or herself. The first outcome variable was selected 
on the premise that it attempts to capture one’s satisfaction with life holistically and the model 
will estimate if the BRT had any effect on this. The second outcome variable was selected on 
the premise that the BRT in the CoJ has been tied to travel time savings (Carrigan et al., 
2014) and the model will estimate if the BRT increased satisfaction in this area of a 
respondent’s life as a result of these savings. A DID regression model was designed such 
that it explores the effect of BRT implementation on these outcome variable for a sample of 
Soweto residents, while controlling for selected objective well-being predictor variables such 
as employment, education, household infrastructure and accessibility to jobs. Each outcome 
variable was modelled separately using the same predictor variables.  
 
3.4.2 Data 
 
Observations to carry out the statistical analysis were obtained from the QoL surveys 
conducted by the Gauteng City Region Observatory (GCRO) biennially, since 2009, in an 
attempt to assess the subjective and objective well-being of the Gauteng City-Region (GCR) 
residents. Survey respondents were sampled from the adult population to be representative 
at the electoral ward level (Mushongera et al., 2015). For additional information on the 
GCRO’s QoL survey, validity of the QoL index and its indicators, and comparability over time, 
refer to Greyling (2013) and Everatt (2017).  
 
The time considered before and after BRT implementation for the DID regression model is 
2009 and 2013, respectively. The treatment group comprises of QoL survey respondents in 
Soweto residing within 800m of feeder and/or trunk route stations while the control group 
comprises of QoL survey respondents in Soweto further than 800m from the stated stops 
and/or stations. This 800m catchment is informed by local guidelines (CSIR, 2000), which 
hold that in residential areas, no resident should walk more than 400m (roughly 5 minutes) to 
the nearest bus stop (translating to an 800m stop spacing). However, given that the BRT 
provides a service that is superior to existing road-based public transport modes in terms of 
improved safety and improved travel time, the maximum walking distance was relaxed to 
800m. In addition, Table 2 reflects the walking distances to the first public transport stop 
reported by respondents of the 2009 QoL survey. The table only reflects the responses of 
those for whom this question was applicable which was 4456 respondents out of a total of 
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6636. It is evident that the largest proportion of respondents (79%) walk for less than 10 
minutes to the first transit stop.  
 
Table 2: Walking distances to the first transit stop (Source: GCRO QoL survey 2009) 

Walk time t (minutes) Observations Percentage 

t < 5 1859 42% 

5 ≤ t < 10 1667 37% 

10 ≤  t < 20 640 14% 

20 ≤ t < 30 154 3% 

t ≥ 30 136 3% 

Total number of respondents 4456  

 
Each QoL survey has a subjective well-being section which asks a number of questions 
across various areas of the respondent’s life; it is from this section that the two outcome 
variables (satisfaction with life and satisfaction with the amount of free time available) are 
observed. For each of the questions, responses are provided on an ordinal scale from 1 
(“Very satisfied”) to 5 (“Very dissatisfied”). Subsequently, an ordered logistic regression 
model was used to model each dependent variable. An often violated, and thus restrictive 
assumption of this regression technique is that of proportional odds, in which case alternative 
techniques are available to model the data (Lui & Koirala, 2012). The assumption of 
proportional odds was met in both models as the test of parallel lines was not statistically 
significant at the 0.05 significance level, thus resulting in failure to reject the hypothesis that 
the assumption holds (refer to Table 7). Therefore, the ordered logistic regression was 
deemed an appropriate technique to model the data. 
  
The first model estimates the effect of the treatment on the respondents’ satisfaction with life 
as a whole, and the second model estimates the effect of the treatment on the respondents’ 
satisfaction with the amount of free time they have available. Due to the very few 
observations (<2%) in the extreme categories of the ordinal scale, being “Very satisfied” and 
“Very dissatisfied”, the ordinal scale was aggregated from 5 categories to the following 3 
categories:  

 Satisfied: assigned to those who were either satisfied or very satisfied on the original 5 
category ordinal scale,  

 Neutral: assigned to those who were neutral on the original 5 point ordinal scale, and 

 Dissatisfied: assigned to respondents who were either dissatisfied or very dissatisfied 
on the original 5 point ordinal scale.  

The observations in each of the final categories can be seen in Table 3. The numbers in 
brackets adjacent to the stated categories represent the order of the categories as used in the 
regression model.  
 
It should be noted that any measurement of subjective well-being is imperfect due to the 
inability to capture all person-specific factors, and the possibility of large error terms due to 
day-to-day variations in latent phenomena. 
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Table 3: Summary of observations in each category of the outcome variables  

Dependent 
variable 

Category Number of 

observations 

Marginal 

Percentage 

Life as a 

whole 

Satisfied [1] 266 62.9% 

Neither [2] 56 13.2% 

Dissatisfied [3] 101 23.9% 

Free time 

Satisfied [1] 324 76.6% 

Neither [2] 36 8.5% 

Dissatisfied [3] 63 14.9% 
 
3.4.3 Regression model 
 
The general form of the ordered logistic regression is shown in equations 4. The outcome 
variable Y has k categories, and is described by a vector of predictors x, with coefficients β1 
to βp. The probability of a category j is given by Pr(Y=j) for j = 1,2,…,k. The logit, seen in 
equation 4 between the equals signs, is the log of the odds that an event occurs. ߙ௝ is 

referred to as the threshold and it is similar to the y-intercept in linear regression, however, in 
this case each logit has an intercept.  
 

௝ሺ࢞ሻߣ ൌ 	 ln ൜
∑ ୔୰ሺ௒ୀ௝	|	࢞ሻೕ
భ

∑ ୔୰ሺ௒ୀ௝	|࢞ሻೖ
ೕశభ

ൠ 	ൌ ௝ߙ	 ൅	ߚଵ ∙ ଵݔ ൅		ߚଶ ∙ ଶݔ ൅ ⋯൅	ߚ௣ ∙        (4)	 ௣ݔ

 
௝ሺ࢞ሻߣ ൌ ௝ߙ	 ൅	ߚଵ ∙ ݎܽ݁ݕ ൅ ଶߚ ∙ ܴܶܤ ൅ ଷߚ ∙ ࢙ࢉ࢏࢚࢙࢏࢘ࢋ࢚ࢉࢇ࢘ࢇࢎࢉ	࢚࢔ࢋࢊ࢔࢕࢖࢙ࢋ࢘ ൅	ߚସ ∙ ܿܿܣ ൅ ହߚ ∙

ܴܶܤܿܿܣ ൅ ݎܽ݁ݕ଺ሺߚ ∙ ሻܴܶܤ ൅ ܴܶܤ଻ሺߚ ∙ ሻݎ݁ݏݑ	ܶܲ ൅ ܴܶܤሺ଼ߚ ∙ ሻܴܶܤܿܿܣ ൅  (5)     ߝ	
݆ ൌ 1, … , ݇ െ 1 
 
In the model designed for this study (refer to equation 5) the outcome variable, which has 3 
categories, is estimated by the main effects of predictor variables as well as some 
interactions between them. Table 4 shows all of these variables and the effects they capture 
on the outcome variable.  
 
Table 4: Independent variables of the regression model 

Coefficient Variable Captures 

β1 
Year 

0: 2009 
1: 2013 

The general time trend from 2009 to 2013 which captures factors 
that would result in a change in the outcome variable even in the 
absence of the treatment 

β2 
BRT 

0: Control group 
1: Treatment group 

The possible unobserved differences between the control and the 
treatment group pre-treatment. 

β3 
Respondent 

characteristics 

The individual-specific characteristics of the respondents that may 
affect satisfaction. These include: public transport usage, 
employment, education, sanitation, water supply, electricity supply, 
food security, travel times, health limitations 

β4 Acc The effect of a unit increase in TT accessibility. 
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β5 AccBRT 
The effect of a unit increase in the TT accessibility offered by the 
BRT 

β6 year•BRT 
The treatment effect, which is the effect of being within 800m of 
BRT stops/stations relative to being further out, post-treatment 

β7 BRT•PT user 
The effect of being a frequent public transport (PT) user in the 
treatment group relative to being a non-frequent PT user in the 
control group, post-treatment 

β8 BRT•AccBRT 
The effect of a unit increase in BRT TT accessibility for the 
treatment group relative to a unit increase for the control group 

Year and BRT are categorical variables that took on two possible values each as seen in 
Table 4. Respondent characteristics is a vector of measures capturing a range of 
characteristics that may influence a respondent’s subjective well-being. The selection of 
these variables was predominantly informed by Wright’s report (2008) listing indicators of 
poverty based on socially perceived necessities as well as the economic and non-economic 
indicators of well-being (Sumner, 2004). However, the variables were restricted to the 
questions set out in the QoL surveys and were further reduced accordingly to avoid 
multicollinearity. The variable Acc is the TT accessibility summary measure computed for 
each zone and assigned to the households within that zone. AccBRT is the TT accessibility 
provided by the BRT only, computed for each zone and assigned to the households within 
that zone.  

4. Results

4.1 Changes in Accessibility 

The four quadrant plot displayed in Figure 4 reflects the accessibility levels for all eight 
selected regions throughout the three analysis years. 2009 is the left most reading, 2013 is 
the right most reading and the 2011 is the centre reading for each region. It is immediately 
evident for each region that the NWAC index increases from one analysis year to the next, 
while the TT index decreases from one analysis year to the next, with Soweto being the only 
exception to the latter. The increase in the NWAC index is predominantly driven by an 
increase in potential wages earnable, which translates to increased relative affordability of 
public transport to either commute using higher cost but faster motorised modes or to 
commute over longer distances using the same mode while retaining a reasonable take-
home pay. The decrease in the TT index, which is proportionally lower than the 
corresponding increase in the NWAC index, is predominantly driven by the increase in fares 
from one analysis year to the next, which results in an increase in the number of walking trips 
and an increase in the distance over which walking maximises the NWAC, decreasing the 
overall number of jobs accessible within one hour of travel time.  

The study regions in the high accessibility quadrant are Alexandra, Soweto and Lenasia. 
Figure 2 shows that these are the most centrally located regions that boast shorter distances 
to the Johannesburg CBD than other regions. Alexandra, however, reflects the highest 
accessibility due to its close proximity to not only the CBD but also key activity nodes with 
ample economic opportunities to the north of the CBD such as Sandton, Midrand and 
Randburg, which can all be accessed within the travel time budget from Alexandra.  
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Subsequently, Alexandra also reflects the highest accessibility in terms of the average 
NWAC of the closest 200,000 jobs (R123 per day on average, see Figure 4). However, the 
effect of increasing relative affordability is not as evident for Alexandra as it is in the other 
regions. For a high accessibility township like Alexandra, an increase in the relative 
affordability of public transport generally allows for longer commutes towards the peripheries 
of the CoJ while retaining a reasonable take-home pay. With fewer job opportunities located 
in the peripheries, this only has a minimal effect on accessibility, in terms of the NWAC 
index. This illustrates that improving accessibility to regions with limited economic activity will 
have a similarly limited effect on the accessibility patterns of a region. In addition, this 
suggests that the marginal benefits of improving accessibility to opportunities from regions 
with already high levels of accessibility to these opportunities, such as Alexandra, are 
relatively low. This is consistent with the findings of López (2007) and Axhausen (2008). 
 

 

Figure 4: Quadrant plot of accessibility summary measure indices  

The majority of the selected regions (Diepsloot, Lenasia South, Lawley, Orange Farm and 
Ennerdale) all  fall within the low and/or moderate accessibility quadrants in the lower half of 
the quadrant plot. Orange Farm recorded the lowest accessibility values; located in the 
southern peripheries of the CoJ (see Figure 2), it is the region that is furthest removed from 
the Johannesburg CBD and the decentralised economic nodes to the north of the CBD. An 
increase in wages from one analysis year to the next allowed for a slight shift from the low-
fare and low-speed Metrorail to the minibus taxi and commutes over longer distances while 
retaining a reasonable take-home pay which significantly increased the number of jobs 
accessible with a reasonable NWAC from Orange Farm, particularly towards the north of the 
CoJ (see Figure 5). This reinforces the observations made for Alexandra in that Orange 
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Farm and the other low accessibility regions demonstrate that accessibility patterns are 
largely altered by improved accessibility to regions of high economic activity. The low-fare 
Metrorail, which predominantly runs in the East-West direction and towards the South and 
South-West of the city, serving Orange Farm, could act as a buffer against fare increases on 
other modes, particularly due to its low fares. However, with its relatively low operating speed 
over long distances such as those encountered from Orange Farm to the Johannesburg 
CBD, large travel time penalties are incurred, significantly reducing the NWAC. Low-cost 
public transport modes can play a role in improving accessibility patterns, however, this is 
only possible if they offer their service at competitive speeds. In other words, the low-cost 
accessibility benefit of transit modes can be eroded by low-speeds and/or excessively long 
travel distances.  
 

 

The BRT was introduced to the city during the analysis period and Soweto became the only 
one of the eight regions well-served by all 4 public transport modes in the city. Figure 4 
reveals that Soweto is the only region for which the number of jobs accessible within 60 
minutes travel time increased, though minimally, from 2011 (0.27) to 2013 (0.28). This is 
attributed to the BRT and the speed improvement it provides (over Metrorail and NMT) at a 
lower cost than the minibus taxi and Metrobus. Therefore, the BRT ensures that even as 
fares increase, accessibility (in terms of the travel time index) does not decline as it provides 
a lower cost alternative to the minibus taxi and Metrobus while maintaining similar travel 
times. However, an increase of 0.01 in the TT index, which is equivalent to 6,653 jobs, is 
fairly small. A paired samples t-test of the TT accessibility revealed a statistically significant 
difference between the 2009 and 2011 TT accessibility values (p-value < 0.01), however, 

Figure 5: NWAC surface for Orange Farm (2009 and 2013) 
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there was no evidence of a statistically significant difference between the 2011 and 2013 TT 
accessibility values (p-value = 0.193) for the entire Soweto sample. 

When the BRT was introduced to the CoJ, it was competing against relatively robust public 
transport systems (the minibus taxi in particular), which has a large catchment area in 
comparison to the BRT. The BRT Phase 1A also serves an already well-served route, which 
is the Soweto - CBD route, thus duplicating existing services with no real integration between 
the public transport modes and consequently creating challenges in leveraging this 
investment. There were efforts towards milder forms of integration of modes through the 
process of restructuring the minibus taxi network at the advent of the BRT planning process 
when 300 former minibus taxi operators surrendered their minibus taxis to the city for 
scrapping, in exchange for roughly R50,000 to buy a stake in the company that would 
operate the Rea Vaya Phase 1A. Consequently, former minibus taxi drivers became 
employed as Rea Vaya drivers (Mokonyama & Mubiwa, 2014). However, it appears more 
rigorous methods of modal integration may be necessary to observe significant changes in 
accessibility patterns brought about by the BRT in conjunction with existing services. 

It is also evident that although the BRT was fully operational from 2011, its effect on 
accessibility only became notable on Figure 4 in 2013. This can be attributed to the change 
in the BRT fare structure from 2011 to 2013 in tandem with increasing fares of other modes 
with similar operating speeds. Therefore, in 2011, the BRT was a relatively expensive mode 
and thus rarely the NWAC maximising mode.  

The value of this analysis lies in its ability to inform whether or not accessibility is actually 
improving over time, as required by policy and informing, within the parameters of the 
measure, how accessibility can be improved even in the absence of transport investments. 
However, we do observe two accessibility summary measures that depict contrasting 
behaviour over time, making it challenging to conclusively state whether or not accessibility 
improved over the analysis years, with the exception of Soweto from 2011 to 2013. This 
suggests that the reported results are sensitive to the accessibility summary measures 
utilised and further research is necessary, particularly in terms of validating the tool to gain a 
deeper understanding of the behaviour of these two summary measures on the ground. 

4.2 Well-being outcomes 

Each outcome variable had three categories which were numbered as follows: 1 – 
“Satisfied”, 2 – “Neutral”, and 3 – “Dissatisfied”, therefore a respondent who responds within  
a higher numbered category is deemed less satisfied than a respondent whose response is 
within a category with a lower number. Table 5 reflects the observations of each outcome 
variable for both the treatment and control group, pre- and post-treatment. Arbitrarily using 
mode as a measure of central tendency, it is evident from Table 5 that satisfaction with life as 
a whole improved from 2009 to 2013 for both groups whereas satisfaction with the amount of 
free time remained unchanged.  
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Table 5: Change in the outcome variables from 2009 to 2013 

 Control group Treatment group 
 2009 2013 2009 2013 
 na Mode na Mode na Mode na Mode 
Life as a whole 

46 
3 

133 
1 

62 
3 

182 
1 

Free time 1 1 1 1 

a: number of observations 
 
The Mann-Whitney U-test, a non-parametric alternative to the unpaired t-test, was used to 
test if there was a significant difference in each outcome variable for each group from 2009 
to 2013. The null hypothesis of the Mann-Whitney U-test, for the control or treatment group, 
is that the 2009 respondents have the same distribution of the selected outcome variable as 
the 2013 respondents. The results for both outcome variables reveal that there is a 
statistically significant difference in the variable from 2009 to 2013 for both the control and 
treatment group (p-value < 0.05), either in the measure of central tendency, spread and/or 
shape of the outcome variable. The only exception to this observation was the control group 
respondents for the outcome variable satisfaction with free time with p = 0.051, refer to Table 
6. 
 
Table 6: Results of Mann-Whitney U-Test 

  
  

Life as a whole Free time 

Control Treatment  Control Treatment 

Z -4.809 -6.034 -1.956 -4.238 

p-value (2-tailed) 0.000 0.000 0.051 0.000 

 
Table 7 reflects the results of the DID regression model. Exponentiation of the coefficients of 
the predictor variables (β) will give the odds ratio of each predictor variable found in the 
columns with heading Exp(β). For a continuous predictor variable, the odds ratio provides the 
odds of moving up a category on the ordinal scale given a unit increase in the predictor 
variable. For a categorical predictor variable, the odds of moving up a category are provided 
relative to a reference category, which is also provided Table 7. For example, for the 
predictor variable BRT and the well-being outcome satisfaction with life as whole, the odds of 
the control group being less satisfied are 1.31 times higher than the treatment group, 
however, this result is not statistically significant at the 0.05 significance level.  
 
The results of the model with outcome variable satisfaction with life as whole, reveal that the 
predictors that have a statistically significant effect on this variable are year, employment, 
supply of basic services, specifically water in this case, food security and travel time for the 
most frequently completed trip. The results suggest that the odds of 2009 respondents being 
less satisfied were 4.02 times greater than 2013 respondents, corroborating the observation 
made in Table 5. This could be due to general changes that took place over the 2009 to 2013 
time period. There was significant investment in Soweto post-2000 from all spheres of 
government in an attempt to restructure the township by providing adequate amenities, 
housing, electricity, malls and places of leisure. Some of this investment was driven by the 
2010 FIFA World Cup hosted in South Africa which required the upgrade of two stadiums 
within Soweto and the upgrade of a premier stadium just adjacent to the township; this is 
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believed to have had spin-off benefits for the Soweto and its residents (Harrison & Harrison, 
2014), possibly contributing to a reduction in dissatisfaction from 2009 to 2013. Relative to 
unemployed job seekers, both employed and unemployed (not seeking) respondents are 
better off in terms of life satisfaction, with odds of less than half of being less satisfied than 
job seekers. The results also reveal that the odds of respondents who frequently travel for 
longer than one hour being less satisfied were 2.16 times of those who travel for less than an 
hour, suggesting that excessive travel times do have adverse effects on subjective well-
being. 

Table 7 : DID regression model results 

β Predictor variable Reference category 
Life as a whole Free time 

Exp(β) SE Exp(β) SE 

β1 Year 2013 4.02** 0.387 2.16 0.423 

β2 BRT Treatment group 1.31 0.429 0.56 0.492 

β3 

PT User 
Frequent public transport 

user 
1.19 0.362 0.57 0.424 

Employed 
Unemployed job seeker 

0.49** 0.261 1.22 0.276 
Unemployed (not 

seeking) 
0.40** 0.306 0.53 0.356 

No education/primary 
school education Completed Grade 12 or 

higher 

0.97 0.352 1.07 0.378 

High school (Grade 8 – 
Grade 11) 

0.93 0.257 0.62 0.293 

Sanitation Flush toilet 1.11 0.426 0.68 0.487 

Water source Piped in dwelling 2.31** 0.274 0.97 0.307 

Electricity supply Yes 0.74 0.582 1.43 0.652 

Food security Yes 2.21** 0.288 2.33** 0.31 

No travel Travels for less than 60 
minutes 

1.34 0.352 0.97 0.393 
Travels for more than 60 

minutes 
2.16* 0.325 1.14 0.375 

Health limitations No 0.87 0.552 3.18* 0.53 

β4 Acc 1.03 0.025 1.04 0.028 

β5 AccBRT 0.86 0.098 0.88 0.112 

β6 Year•BRT 2013•Treatment 1.25 0.56 1.18 0.615 

β7 PT User•BRT 
Frequent PT 

user•Treatment 
0.56 0.496 3.62* 0.55 

β8 AccBRT•BRT 0.94 0.219 1.25 0.221 
Number of observations 423 423

-2 LogLikelihood 634.4** 527.9**
Goodness of fit: Pearson 0.266 0.302 

Goodness of fit: Deviance 1.000 1.000 
Test of parallel lines significance (χ2) 0.737 0.143

* p < 0.05 ** p < 0.01 

There was no statistically significant evidence that a respondent’s satisfaction with his/her 
amount of free time was affected by the general time trend from 2009 to 2013. The predictor 
variables that did have a statistically significant effect on the variable are food security and 
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health limitations, both predictors were used to capture respondent characteristics. β7 was 
also statistically significant, suggesting that the odds of: a) a non-frequent PT user in the 
treatment or control group and b) a frequent PT user in the control group being less satisfied 
are 3.62 times that of a frequent PT user within close proximity to the BRT. In other words, 
there is a well-being benefit associated with being a frequent PT user residing within 800m of 
BRT stops and stations (i.e. the served community) in terms of satisfaction with the amount 
of free time available. The treatment effect (β6) is not statistically significant for either 
measure of subjective well-being, suggesting that implementation of the BRT did not 
significantly improve the satisfaction of the served community relative to those further 
removed from the service. This could be due to the aforementioned shortcomings of the BRT 
such as the duplication of existing and more robust systems with larger catchment areas 
serving an already well-served route, as well as the provision of limited accessibility in 
comparison to the more widespread networks. In addition, it is also consistent with findings of 
Venter and Vaz (2014) in which they observed the community members’ perceptions of the 
Rea Vaya BRT, particularly in Orlando, Soweto where construction of the BRT was 
accompanied by upgrades to streets and the general service area of the routes. They found 
that although the community had positive perceptions of the service, there was no significant 
indication that proximity to the service improved their overall satisfaction. It was found that 
satisfaction was primarily driven by other factors such as housing and employment.  
 

Although there is no statistically significant evidence that merely being located within close 
proximity to the BRT affected these measures of subjective well-being, there appears to be 
some evidence that those who are more likely to use the service may be more satisfied with 
the amount of free time they have available. Due to the use of dedicated bus lanes, the Rea 
Vaya Phase 1A has been tied to improvements in travel time and subsequently an increase 

in travel time savings for users of the service (Carrigan et al., 2014). Therefore, this suggests 

that the BRT in Johannesburg is beneficial as a transport project for the served community 
that is more likely to use the service, but not as a general urban intervention able to improve 
the life satisfaction of the served community members who do not make use of the service. 
In the long-run, well-being benefits to the wider community may become evident as modal 
shifts from private vehicles to the BRT occur, reducing congestion on the roads, as well as 
through the densification of mixed land-use development and redistribution of opportunities 
along the trunk and feeder lines, each of which will take longer to manifest. 
 
5. Conclusions and recommendations 
 
The Access Envelope Methodology was applied to: a) measure the time-series development 
of accessibility, using a poverty-relevant metric, over a time period when public transport was 
expanded through the introduction of the BRT, b) identify and measure the extent to which 
investment in public transport, particularly BRT, contributed to these changes in the 
accessibility patterns of the urban poor, and c) attempt to identify wider social benefits, in 
terms of subjective well-being, of accessibility improvements driven by public transport 
investment.  

The results revealed that in a polycentric region, the highest levels of accessibility are 
observed for regions within close proximity to all economic nodes, not only the CBD. 
Therefore, in polycentric regions which grapple with poor modal integration, fixation on 
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providing increased accessibility to an already well accessible CBD could be ineffective in 
terms of significantly improving accessibility to jobs. This notion is supported by the 
computed accessibility levels after the advent of the Rea Vaya BRT, which revealed that the 
BRT improved travel time accessibility for Soweto residents to the CBD, but only minimally 
from 2011 to 2013. The results also revealed the value of decentralization, which allows 
previously disadvantage groups in the peripheries access to key economic areas without the 
need for any considerable transport investment, simply by improving the affordability of the 
existing modes. 

The regression model revealed that merely being located near BRT trunk and feeder lines, 
pre-treatment and post-treatment, did not result in improvements in satisfaction with life as a 
whole or the amount of free time a respondent had available. There is also no statistically 
significant evidence that the additional (albeit small) accessibility provided by the BRT to 
served communities generally improves their sense of well-being. Therefore, there is no 
discernible “wider benefit” associated with access on its own. This is troubling as it casts 
doubt on the widespread interpretation of accessibility as a fundamental “good” delivered by 
transport investments; it is quite challenging to empirically demonstrate this “good”. 

The results also reveal that those who are more likely to actually use the BRT are better off 
in terms of the latter measure of well-being (free time), as opposed to those who are unlikely 
to make use of the service. It appears the subjective well-being benefit of the BRT is 
associated with actual use of the BRT system, and not simply a spill-over of the intervention 
to the served community regardless of whether or not they make use of the service. This 
suggests that BRT in Johannesburg is beneficial as a transport project, but not as a general 
urban intervention able to improve the overall amenity of served communities. This is 
consistent with findings in Bogotá and Santiago de Cali in Colombia, in which the BRT 
transport-related advances did not translate to social and/or mobility benefits or 
improvements (Jaramillo et al., 2012; Combs, 2017). Perhaps more effort related to land use, 
property value, and urban design changes in areas served by the BRT is required to 
leverage non-user benefits, however, this can only manifest over a longer time-period. 
 
Further work is required to refine the computation of the accessibility measure and summary 
measures for a time-series analysis. Some suggestions include adjusting what is deemed the 
reasonable NWAC from one analysis year to the next and imposing a stricter penalty on 
walking trips. In addition, a sensitivity analysis of the access envelope technique input data 
would reveal the response of the access measure to the various input parameters. The 
methodology should be further calibrated to validate its use as a transport and land-use 
planning tool. With regards to the regression model, the robustness of the findings needs to 
be tested using a sensitivity analysis to determine the effect of various selection methods of 
treatment and control group observations. The regression analysis may also be repeated 
using alternative accessibility metrics and/or specifications of well-being might also be tested 
if the data permits.  
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