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Abstract 

For the market mechanism to establish the optimal allocation of resources, the price of 

goods and services should reflect the total cost involved in producing the quantity 

demanded. The economic characteristics of transport results in failure of the market 

mechanism as the price at which transport services are sold (the fare), often does not 

include the external costs associated with transportation. The inability of transport users 

to accurately calculate their total transport costs leads to inflated demand, placing a cost 

burden on the surrounding road users and society in general. To reflect the true cost of 

transport, external costs needs to be estimated and included the price of transport, to 

bring demand in line with optimal levels. With the current financial crisis and public 

transport road users under significant pressure, any attempt to include external costs will 

have an impact on the affordability of the service, which is an important determinant of 

the mobility of urban dwellers, especially the urban poor. This study aims to identify, 

discuss and estimate key elements of social cost of public transport in Cape Town, South 

Africa, and highlight the impact of including external costs in the fares of public transport 

services on the affordability of those services. The results indicate that rail transport 

remains the most cost-effective from of transport, especially for the poorer sections of 

the City. Including external costs in the fares and tariffs of bus and minibus transport, 

increases the proportion of income spent on transport for a number of zones, specifically 

densely populated areas, where incomes and employment are already under severe 

pressure. The areas with the highest calculated index have historically been areas with 

the lowest incomes, and higher travel distances to access employment and other services. 

These factors and developing an equitable system of charging for externalities needs to 

be further investigated before implementing a charge to cover these costs. 
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1. INTRODUCTION 

 

1.1. Background 

South African metropolitan areas are characterized by a sub-optimal urban structure, 

creating “[a] spatial dislocation between the labour force and specific types of 

employment [that] results in further inefficiencies” (CoCT, 2010). The result is an urban 

structure where many of the poor have been settled on the periphery of the city, having 

to overcome large distances to access employment opportunities, as well as health, 

education and social services. To overcome these distances, lower income groups have to 

spend a relatively larger proportion of their disposable income on transport, often public 

transport, to access these services. Without affordable public transport, poor urban 

dwellers are unable to become part of the economic and social activities that cities are 

able to provide.  

 

Affordable public transport has thus become a necessity for social upliftment and 

development, especially in developing countries where the socio-economic needs are 

much more pronounced. However, affordable public transport is still required to be 

efficient and effective, as economic efficiency is only achieved by ensuring an optimal 

allocation of resources, with the minimum of wastage. This means that even where 

transport services are provided to ensure that the most vulnerable have access to 

economic and social services, ensuring the optimal use of economic resources should still 

remain the goal.  

 

For economic efficiency, prices must be set where there is equilibrium between supply 

and demand, as this will determine the levels of output as well as the price at which a 

good or service should be sold. The price of goods and services should therefore include 

all the costs involved in providing it, which should be a reflection of the actual resource 

costs involved. Referred to as the social costs, it includes the direct cost (private cost) as 

well as the indirect costs (external cost) involved in providing a transport services. Social 

costs relate to the costs of transport borne by the whole community and include the 
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private costs of the producer (costs paid directly by users) and the external costs incurred 

by the activity (TRT Transportation, 2009).  

 

A distinction should be made between the major direct and indirect cost categories: 

 Direct cost: these are costs borne by the service provider and is normally financial 

costs incurred as a result of purchasing factor services in the market – classified as 

fixed or variable costs; some may even be semi-fixed; 

 External cost: costs borne by those outside the transport provision process that 

should be included in the total cost to reflect the total resource cost of transport 

provision – congestion and pollution are major external costs. 

 

The average road user is unable to accurately estimate their actual cost of road use. This 

is due to their inability to identify and quantify the actual cost of a trip or because they 

lack knowledge of the actual costs involved in making a trip. This lack of knowledge can 

lead to welfare losses, as a road user’s perceived cost is often lower than the actual 

resource cost that should be associated with a trip.  

 

Transport externalities refer to situations where the transport user either does not pay 

for the total economic costs of their transport activity or does not receive the full 

benefits. Externalities are an important component in estimating the total transport cost 

of a journey, and should be included in any cost comparison between different modes 

(Evans, 2007). By including externalities in the final cost, an accurate estimate can be 

made of what it actually costs transport service providers to provide the desired journey. 

This will also allow for investigating the impact of including the external costs in the fares 

of public transport services will have on the affordability of these services, especially for 

the urban poor. 

 

The importance of transport externalities comes into play because very often economic 

decisions are dependent on market prices. When externalities are not included, the 

individual decisions of consumers and producers do not add up to the outcome(s) that 
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will provide the maximum benefits for society as a whole. It is therefore important to set 

prices based on the full social costs, as it is a key element in ensuring an efficient and 

sustainable transport system. An example of this could be seen if a certain type of vehicle 

is used, which produces a significant amount of air pollution and road damage costs that 

are not charged and the demand for this vehicle type is higher than the demand for a 

cleaner and less damaging vehicle. This kind of example represents an inefficient use of 

resource. 

 

This study will calculate key elements of social cost of public road transport in Cape Town, 

South Africa, and highlight the impact of including external costs on the affordability of 

those services. The impact can be shown once these externalities are identified and 

quantified. 

 

1.2. Externalities 

The following externalities will be used for this study and will be discussed and quantified 

in the literature review that follows. They will be discussed in order to give the reader a 

basic idea of which externalities will affect the social costs of taking a public transport trip 

in Cape Town, South Africa. 

 

1.2.1. Climate Change and Air Pollution 

While discussions surrounding climate change has come to the forefront over the last 

three decades, assessing the cost associated with climate change is still filled with 

difficulties. There have been previous attempts to calculate the cost of environmental 

damage by estimating the losses of agricultural productivity, health costs and the impact 

of increasing of oceanic levels (Jakob et al, 2006). While there remain difficulties in 

quantifying the cost of climate change, these difficulties do not justify the lack of 

strategies to reduce and somehow quantify these effects. 

 

According to the U.S Department of Transportation (2006), the transportation sector 

contributed to approximately 28% of the total greenhouse gas (GHG) emissions for that 

Stellenbosch University  https://scholar.sun.ac.za



4 
 

year. This made it the second largest source of GHG emissions in the USA. They also found 

that since 1990, transportation had been one of the fastest-growing sources of GHGs and 

the rise represented 48% of the increase in GHGs from 1990 to 2006. With regards to air 

pollution caused by motor vehicle traffic, it can have significant health, agricultural, 

ecological, climatic and aesthetic effects on society. Air pollution can result in health 

problems, as well as damage to vegetation and buildings.  

 

1.2.2. Accidents 

Estimating the external costs that contribute to the overall total cost of accidents, 

generally involves three steps. First, the costs caused via motor vehicle accidents must be 

identified. Secondly, it has to be determined whether or not these costs are internalized 

or externalized. Thirdly, a monetary value must then be placed on these effects (Jakob et 

al, 2006). Direct and indirect costs, as well as costs due to the loss of production, person-

related costs and property damages are all part of accident costs. 

 

1.2.3. Congestion 

Congestion costs can be defined as the external costs imposed by each road user on the 

rest of society. These costs include factors like travel delay, increased vehicle operating 

costs, pollution, and driver stress. There are three factors that may influence traffic 

congestion costs, namely (Zegras, 1997): 

 The traffic volume to road capacity on each link of the road; 

 The specific cost that congestion imposes on each vehicle; and 

 The elasticity of vehicle travel with respect to congestion.  

The first factor relates to traffic volume to road capacity where an increasing ratio is 

found, causing the traffic congestion to increase, as well as the cost of each individual 

vehicle. The second factor can be considered as the greatest costs of traffic congestion 

because of reduced traffic speeds and increased stress. The final factor comes into play 

when considering that if sufficient alternative travel options exist, users may shift away 

from congested roads and therefore congestion will maintain a relatively low equilibrium.  
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1.3. Transport Affordability 

Wallbaum et al (2012) notes that sustainable development requires that affordable 

housing be designed and located to support sustainability objectives, including energy 

conservation, emission reductions, economic opportunity for disadvantaged people, 

public safety and health, infrastructure cost efficiency, and habitat preservation. Although 

many governments in developing countries have viewed the provision of affordable 

housing as one of the most critical objectives, aligning investment and development of 

affordable transport with the expansion in housing provision, have often lacked the same 

detailed planning and execution. 

 

The urban structures of many cities in the developing world are sub-optimal, typically 

displaying a structure where the most of the urban poor are settled on the periphery of 

the city, having to overcome large distances to access employment. In many cases, lower 

income groups have to spend a much higher proportion of their monthly household 

income on transport services to access not only employment opportunities, but also 

health, education and other social services. Often, unemployment is higher in the lower 

income groups, meaning a large section of this group are unable to reach employment 

opportunities, as there is “[a] spatial dislocation between the labour force and specific 

types of employment [that] results in further inefficiencies” (CoCT, 2010). 

 

1.3.1. Defining affordable public transport 

Affordability refers to the extent to which the financial cost of journeys put an individual 

or household in the position of having to make sacrifices to travel or the extent to which 

they can afford to travel when they want to, or, the ability to undertake transport 

movements without significantly constraining the ability to undertake other activities of 

importance (Carruthers et al, 2005). Existing literature suggests that overall transport 

expenditure increases strongly with income, although transport costs as a share of 

household expenditure vary greatly across space and time, but tends to be regressive as 

transport costs consume a larger share of income among poorer households (Venter, 

2011). 
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1.3.2. Measures of affordability 

In a study by Carruthers et al (2005) in which the Affordability Index for 27 cities were 

calculated, affordability ranged from 4% to 107% for the bottom quintile, which is the 

poorest 20% of the population. Existing literature suggests that transport expenditure 

should not consume more than 10% of a person’s or household’s monthly income 

(Carruthers et al, 2005), a view shared by the South African Government as its most 

important indicator of transport affordability (Venter, 2011). 

 

1.3.3. The impact of affordable public transport on urban mobility 

There is a widely held belief that potential low income passengers are forced to curtail 

the number of trips that they make, use modes of transport that do not incur a direct 

cost, such as walking or cycling, or to live in locations that minimize their transport cost 

(Carruthers et al, 2005). Bryceson et al (2003) notes that affordable public transport can 

be an important indicator of accessibility to employment, social and health services and 

“can provide a significant boost to [urban] mobility”, especially of the urban poor. 

Accessibility to affordable public transport is therefore critical to advancing economic and 

social inclusion, particularly for public transport users in developing countries. 

 

Public transport users in developing countries experience four main kinds (or typologies) 

of access problems: physical access to the transport system; physical access onto the 

transport facility; economic access into the transport system and city-wide access 

provided by the transport system (Dimitriou, 1992). Although many developing cities have 

targeted and invested in infrastructure and systems to provide physical access to and into 

the transport system and city-wide access, economic access (or transport affordability) 

remains one of the issues often not fully considered or analysed. Litman (2014) argues 

that conventional mobility-based transport planning focussed on the private car, with 

transport policies and infrastructure development geared to accommodate the use of the 

private vehicle. It should be replaced or augmented with an accessibility-based transport 

planning that places commuters or public transport users at the centre of its focus. This 

will also shift the focus to transport affordability constraints, as: 

 Affordability affects accessibility; 
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 Affordability is especially a problem for lower-income workers.; 

 Affordability can be improved by reducing user costs (vehicle purchase costs, fuel 

prices, transit fares, etc.), by improving more affordable modes (such as walking, 

cycling and public transit), and by increasing land use accessibility; and 

 Location affects transport affordability. Lower-income residents in automobile-

dependent locations tend to spend an excessive portion of their income on 

transport (Litman, 2014).  
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2. RESEARCH OBJECTIVES AND METHODOLOGY 

 

2.1. Rationale and problem statement 

Road transport as a mode often does not reflect the true cost of the journey. According to 

the Capital Rail Action Group, this distorts travel patterns, increases atmospheric 

pollution and it is a very inefficient use of valuable infrastructure. Road pricing is an 

essential component of demand management and should reflect the time of travel and 

vehicle loading.  

 

A study by Wilson et al (2015) resulted in an instrument called the Cost of Commuter 

Calculator which is an interactive tool developed and aimed to capture the full cost and 

benefit of driving, taking the bus, cycling and walking in Metro Vancouver. Figure 2.1 

depicts this instrument and how it affects trip costs and society as a whole: 

Figure 2.1: Cost of Commuter Calculator 

 

Source: Wilson et al, 2015 
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The calculator considers the cost of less obvious impacts like emissions, climate change, 

accidents, congestion and even noise pollution. These impacts are also used throughout 

this dissertation to provide a better idea of why these costs should be calculated and 

included in the cost of transport provision and how transport costs should be reflected. It 

allows commuters to consider the broader costs to themselves and society as a whole, by 

placing a monetary value on factors like the cost of waiting in traffic or the health benefits 

of walking (Wilson et al, 2015).  

 

The abovementioned reflects the importance of accounting for the external costs 

involved in transport provision. However, employing a pricing strategy that includes the 

external costs will have an impact on the fares of public transportation. This leads to 

concerns regarding the affordability of public transport, specifically the mobility of the 

urban poor who are more dependent on affordable public transport as they have no 

alternatives to reach work opportunities, health, education and other social services. 

Therefore, any study regarding transport externalities must take cognisance of the impact 

that a change in public transport fare policy will have on the affordability of those 

transport modes. Although the impact might be mitigated by an increase in government 

subsidies, given the constraint on available funding, especially in developing countries, 

this option is often not available. 

 

Given the aforementioned, the problem statement for this study is: What external costs 

should be included in the fares of public road transport in the City of Cape Town and what 

impact will this have on the affordability of public transport in the metro?  

 

Therefore, this study will focus on the identification and quantification key external costs, 

often not included in the fare of trips undertaken. Once quantified, the additional costs 

will be added to current fares of various public road transport providers to reflect the 

potential increases which operators or users are not currently paying for. The impact of 

this increase is then reflected in the changes in public transport affordability to indicate 

areas where additional resources or subsidies might be required or where cost-cutting 

Stellenbosch University  https://scholar.sun.ac.za



10 
 

measure may be employed to sustain affordable public transport, especially for the urban 

poor. 

 

2.1.1. The challenge of accounting for hidden costs 

In general, transportation costs fall into two categories: (1) costs paid directly by user and 

(2) costs that society bears. The direct cost of using public transport is the fare. There are 

however, other factors to be taken into consideration when deciding whether or not to 

take the trip (time spent waiting and travelling). Costs seen as less obvious could include 

the user’s risk of being in an accident when commuting with public transport (Wilson et 

al, 2015).  

 

The costs to society of using public transport may take many forms and can include the 

costs paid by the transport operator, costs such as purchasing the vehicles and even 

paying the driver’s salary. The other costs to be taken into consideration would be the 

emissions, road congestion and noise pollution.  

 

2.2. Research Goal  

The goal and main aim of this study is identify and quantify the key social cost variables of 

public transportation in Cape Town, South Africa. Additionally, once quantified, what 

impact will the inclusion of the costs of these key social cost variables in the fares and 

tariffs of transport providers, have on the affordability of those services and ultimately 

the mobility of the urban population. Social cost as a term can be defined as the expense 

to an entire society resulting from a either a news event, activity or a change in policy. An 

example of this could be found in assessing the overall impact of its commercial actions in 

terms of social cost. A socially responsible operator should take into account its own 

production expenses, as well as any other indirect expenses or damages borne by others 

(Web Finance Inc., 2014). 
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2.2.1. The objectives of the study 

1. To identify key social cost components that are involved in the provision of public 

transport in the City of Cape Town; 

2. To calculate the key social cost components for public transportation; 

3. To investigate the affordability impacts of increased fares and tariffs due to the 

inclusion of social costs; 

4. To recommend changes to policy to mitigate the changes in public transport fare 

policy to reflect external costs. 

 

2.2.2. Research questions 

The aim of this research is to answer one main research question as well as sub questions 

which will be set out below: 

1. What key social (external) cost components should be included in the fares of 

public transport in Cape Town, South Africa? 

1.1 Why do transportation costs need to reflect external costs? 

1.2 What key external cost components should be included to reflect the true costs of 

transport? 

1.3 How can these key external cost components be calculated? 

1.4 What impact will the inclusion of external cost in the fares of transportation have 

on the affordability of public transport? 

 

2.2.3. Research design and methodology 

This research will be both qualitative and quantitative. A literature review will be 

conducted that entails a desktop review of existing literature to investigate the relevance 

and importance of including external costs in the fares or tariffs of public transport. This 

will form the qualitative part of the study. Once the key external cost component are 

identified and quantified, it will be used to calculate the change in public transport fares 

for in the City of Cape Town. 

Stellenbosch University  https://scholar.sun.ac.za



12 
 

 Data was also obtained from the City of Cape Town that will be used to calculate the 

affordability. Route and fare information received from GABS will be used to reflect 

changes in fares, along with geographical maps to indicate the location of areas most 

affected by changes in fares. The number of households per area, the weighted average 

income per household and the maps was obtained from The National Household Travel 

Survey 2013, with incomes adjusted by inflation to reflect 2015 nominal values. Figure 2.2 

reflects a conceptual framework of the research envisioned. 

 

Figure 2.2: A Conceptual Framework 

 

 

Extensive use will be made of Microsoft Excel 2010 ©™ for calculating the key external 

costs. For the geographical mapping of the affected areas, ArcGis™ will be used. This will 

enable recommendations and conclusions to be formed, as well as identify the policy 

changes needed to enable this change in pricing and fare policy. It will also identify areas 

for future research.  
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2.3. Chapter Outline 

 

The thesis is structured as follows: 

Chapter 1: Introduction 

Defined externalities and affordability and discussed the reasoning behind 

including it in the total cost of transport. It also referred to the externalities that will be 

calculated in this thesis, and emphasized the importance of affordable transport for 

commuters, especially the urban poor. 

Chapter 2: Research Objectives and Methodology 

 This chapter included the research objectives and the problem statement, as well 

as the research goals and objectives. The research design and methodology is also 

discussed. 

Chapter 3: Literature Review 

 This chapter entails an extensive literature review, including the theoretical 

framework for including external cost in the total cost of transportation. Various 

methodologies for calculating the externalities used in this thesis are also discussed, 

pointing out the difficulties associated with some of the techniques. The concept of 

affordability is discussed along with the factors that influence affordability. 

Chapter 4: Analysis and Results 

 The externalities used in this study are calculated, and the affordability impact of 

including these costs in the fares of various transport modes is compared with the status 

quo. Areas most significantly affected by a decrease in affordability are identified. 

Chapter 5: Concluding Remarks and Recommendations 

 This chapter concludes the thesis, highlights the key findings and makes 

recommendations.  
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3. LITERATURE REVIEW 

 

3.1. Introduction 

The rationale behind this study is to estimate the social cost of public transportation in 

Cape Town, South Africa. Focus will be placed on understanding the various costs 

involved in providing a public transport service, which often include costs that the public 

are unaware of (externalities). The level of motorized transportation worldwide is an 

increasing social, environmental and economic problem. One of the reasons for these 

increasing problems results from various external impacts on society. The external costs 

of transport are the cost to society which is not often taken into account by the transport 

users. This then results in transport users being faced with incorrect incentives for 

transport supply and demand and in turn leading to welfare losses (ITT, 2013). Table 3.1 

reflects a summary of the direct and indirect costs involved in the provision of transport 

services. 

Table 3.1: Transport cost categories 

 Main category Elements 

Direct Cost 

Fixed – cost items that does not 

vary with a shift in output – has 

to be paid even if no output is 

produced. 

 Provision and maintenance of depots, 

workshops, offices, terminals 

 Salaries and wages 

 Right of way infrastructure, etc. 

Variable – cost items that vary as 

production output is altered. 

 Fuel or energy costs 

 Lubricants 

 Tyre costs, etc. 

Indirect (External) 

Cost 

Congestion – costs incurred as a 

result of congested right of ways. 

 Additional travel time 

 Increased vehicle running costs 

Pollution – costs incurred as a 

result of the pollution associated 

with transport. 

 Noise 

 Air 

 Risk of accidents 

 Vibration and Visual Encroachment, 

etc. 

Accidents – costs incurred as a 

result of accidents in the 

transport process. 

 Risk of accidents 

 Injury/Loss of human life 

 Productivity losses 

 Damage to vehicles and property, etc. 

Step 4: Conclusions and 

recommendations on how to 

include social costs and thus 

true costs of a trip. 

Recommendations on what 

methods/instruments to use 

Step 2: Desktop Survey: 

Google search and analysis 

of previous studies  

Step 3: Calculating the social 

cost of bus transport as well 

as the other cost  

components and comparing 

the affordability cost of bus 

to other modes 
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The cost of producing transport service is not a uniform one. It can vary by trip type, trip 

length, time of travel and factors which the public do not take into account like social 

costs in the form of congestion, pollution, noise, accidents and even climate change. 

Public sector transport managers however, often have very limited information on the 

costs of providing public transport services (Taylor, Iseki, & Garrett, 2000). Transport 

social costs have an impact on total transport costs, whether people are aware of it or 

not. These costs increase as the use of motor vehicle use increases and thus this tariff 

needs to be included when calculating the true total transport cost of a trip. If prices paid 

for transport are incomplete or incorrectly calculated, then transport choices may be 

distorted, and transport systems may exhibit symptoms of unsustainability and 

inefficiency (physical deterioration, congestion and inability to generate revenues 

sufficient to upgrade networks).  

 

3.2. An overview of Externalities 

This study incorporates 3 different externalities which have previously been mentioned. 

They are as follows:  

a. Climate Change and air pollution  

b. Accidents 

c. Congestion  

 

For the purposes of calculating the social costs of public transport and eventually the total 

cost of a trip in Cape Town, South Africa, the focus will be placed on pollution costs, 

accident costs and congestion costs as externalities. When side effects of certain activities 

impose a cost upon society, economists refer to them as external cost. People often 

believe that external costs of transport are borne by transport users but this isn’t 

generally the case and thus they are of not considered when transport decisions are 

made (Korzhenevych et al, 2014). 

 

When it comes to evaluating pollution costs, there have been years of effort to develop 

standardized approaches in order to record the impact that pollution has on the 
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environment and then to quantify the economic damage in monetary terms. The EU 

formalised an approach known as Impact Pathway Approach (IPA). It follows a logical, 

stepwise progression from pollutant emissions to the determination of the impact and 

then subsequently quantifying of economic damage in monetary terms. Figure 3.1 

illustrates these steps.  

 

Figure 3.1: Impact Pathway Approach 

Source:  EEA (2011) 

 

The first step in the IPA quantifies the burden of pollutant emissions which can be done 

by using vehicle emission factors. The second step in this approach is the dispersion of 

pollutants and according to this report for the European Commission, it can be “modelled 

using atmospheric dispersion models which are very complex and are not typically 

publicly available” (EEA, 2011). The impact of air pollution is often location-specific and 

depends on a multitude of factors which include the local traffic conditions. The third step 

in the approach is an exposure assessment which considers the population and the 

environment that is exposed.  
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In order to gain a proper assessment of the exposure, detailed spatial information on 

population density and locations must be available. Impacts caused by emissions can be 

determined by applying what one would call exposure response functions, relating the 

changes in the population’s health and other environmental variations. Finally, “the 

impacts of the emissions on humans and the ecosystem must be evaluated and 

transformed into monetary values” (Korzhenevych et al, 2014). This step can often be 

based on the valuation studies assessing the willingness to pay for reduced health risks 

(Korzhenevych et al, 2014). 

 

All the above mentioned steps require intensive research and can become information 

intensive, often falling well beyond the scope of a single study focussing on a particular 

issue. As such outdated information is often being transferred from one study to the next 

without proper corrections or adjustments. For this reason, comparing results of different 

studies focussing on integrated assessments become very difficult. However, this study 

will still try to assign a monetary value to the pollution costs that affect the social cost of 

public transport as well as the total transport costs.  

 

3.2.1. The importance of valuing externalities 

The reduction of transport externalities has received significant international, political 

and community attention. Evidence suggests that the effects from transport externalities 

have a diverse and potentially large impact on economies, societies in general and the 

environment in particular (Evans, 2007). The reality is that the environmental impact of 

transport is a direct outcome of the demand and reliance on transport not only for 

passengers but freight sector as well.  

 

Transport externalities refer to situations in which the transport users either do not pay 

for the full costs of their transport activity or do not receive the full benefits (Evans, 

2007). With regards to negative externalities, they create a divide between marginal 

private cost (MPC) and marginal social cost (MSC) where MSC is greater than MPC. 

Resources are often not priced at their MSC, resulting in deadweight loss to society 

compared with optimal resource allocation.  
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When a negative externality exists in an unregulated market, the producers of goods or 

services do not take responsibility for external costs and these are then passed on to 

society. The producer now has a lower marginal cost and the supply curve is thus shifted 

down to the right of society’s supply curve.  

 

Figure 3.2 shows the effect of a negative externality where the MSC curve represents 

society’s cost curve and MPC curve represents the firm or industry that faces the 

externality. The optimal quantity would be at point Qo but the negative externality results 

in Qn, with the deadweight welfare loss being the grey area. Figure 3.2 can be summed 

up as a situation where the social cost = private costs plus the externality (Negative 

Externality- Economics 2015). 

 

Figure 3.2: Social cost vs private cost 

 

Source: Evans, 2007 

 

When investigating externalities, it is important to recognize that externalities are highly 

interrelated. A causal relationship (one variable causing change in another) exists 
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between externalities and they can often not be considered independent from each 

other. Although externalities are highly interrelated, they are not perfectly correlated.  

 

The estimation of externality values broadly involves three steps. Step one involves 

estimating the physical quality of the externalities (such as urban and rural locations), 

type of vehicle usage and estimation techniques. The second step requires the user to 

estimate the monetary impacts by applying valuation parameters to the quantity 

changes. The third and final step requires the user to multiply quantity by dollars to 

estimate the stream of benefits and the main indicators by adding values disaggregated 

by cents/vehicle km. This is done by firstly estimating the kilometres and then multiplying 

it with the parameter value.  

 

Externalities are an important component in estimating the total transport cost of a 

journey, and should be included in any cost comparison between different modes. By 

including externalities to the final cost, an accurate estimate can be made of what it 

actually costs transport service providers to provide the desired journey. Commuters 

often exclude external cost when they consider the cost involved to purchase or pay for a 

journey.  

 

Externalities like accident costs, congestion and scarcity, climate change, air pollution and 

noise all play a role in determining the costs of a trip. These externalities will be discussed 

in the following literature. However, road infrastructure will not be included as an 

external cost because government often finances public roads in the interest of 

development and the spin-offs that follow business development. Because of this, it will 

be exempt from the total costs of the trip taken by the commuters as it is subsidized 

(Evans, 2007). 

 

Figure 3.3 represents a demand and supply framework (Evans, 2007). The marginal 

benefits (MB) line represents the demand curve for the mobility and portrays the 

maximum price the marginal road user is willing to pay for driving, given a certain number 
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of vehicles. The MB curve is assumed to be decreasing, indicating that different users 

receive a different level of utility from driving. The MPC curve represents supply curve. 

 

Figure 3.3: Optimal mobility 

 

Source: Evans, 2007 

 

To use a vehicle, commuters will have to incur certain costs e.g. expenses involved in 

operating and maintaining the vehicle (fuel, oil etc.). However, if these were the only 

costs involved in using a vehicle, then the marginal cost curve (MSC) would practically be 

horizontal. With an increase in the number of vehicles, the total time to commute will 

also increase. As road use then increases, the congestion costs remain the same, but as 

the number of vehicles increase dramatically, the cost experienced by each additional 

road user will be higher than the private cost incurred by users before them. This is why 

the MSC curve is increasing in the above figure (Ruta, 2002). 
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3.2.2. The classification of external costs of transport 

According to Verhoef (1996), external costs can be classified along two dimensions; one 

dimension is according to who is affected by the external cost. There are three possible 

cases: intra-sectoral effects (users impose costs upon each other), effects on the social 

environment (affected groups are not necessarily vehicle users) and effects on the 

ecological environment.  

 

The second dimension classifies external costs according to the type of source (Verhoef, 

1996):  

 Externalities resulting from actual vehicle use; 

 From vehicles when they are not in motion; and 

 From the existence of the road infrastructure. 

 

Figure 3.4: Typology of external costs of transport  

 

Source: Verhoef , 1996  
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Figure 3.4 illustrates various external costs that are found in everyday life, congestion 

being one of them. Here, the external cost is imposed by a group of car users upon 

themselves. Congestion of parking space however are costs that users impose upon each 

other, as it is not easy to identify exactly who makes use of the space or not.   

 

3.2.3. The benefits associated with transportation 

So far the social costs of transport has been discussed, however the benefits of vehicle 

use should be included in order to weigh the pros and cons of transport to society. The 

benefits of transportation include (Verhoef, 1996):  

 The ease of communication; 

 Time saving; 

 Comfort and privacy; 

 A sense of security; 

 Being able to decide when you want to leave; and 

 Having control over the travel speed. 

 

Public transport is often perceived to be a poor alternative for car use. People often 

prefer to make use of private motor vehicles because of the benefits of vehicle use and 

other factors which may even include things like: pleasure, arousal, status and stress 

relief. Private car use has grown rapidly during the last decades (Steg, 2003). 

 

The increase in private car use has however generated various environmental, social and 

economic problems: 

 Environmental problems concerning the emissions of toxic and harmful 

substances. Scarce raw materials and energy are needed to produce and use cars. 

The extension of road infrastructure can cause distortion and fragmentation of 

natural areas, which in turn disrupt natural habitats.  

 On a social level, car use threatens the urban quality of life because it is noisy, 

causes odour annoyance, air pollution and it may result in traffic accidents.  
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The economic problems that can be associated with car transport often concerns the 

lowering levels of accessibility to economic and social services. 

 

3.3. Methodology and key factors for calculating the cost of externalities 

This study focuses on the social cost involved in public transportation, as well as the total 

costs involved in bringing about this service. When referring to external costs, ‘social cost’ 

must be considered. Here, social costs relate to the cost of transport borne by the whole 

community and include not only the private costs of the producer (costs paid directly by 

users) but also the external costs incurred by the activity. This means that social cost 

incorporates the sum of all associated cost of an economic activity: The costs borne by 

the producer and all the costs borne by society as a whole (TRT Transportation, 2009). 

 

There are two main approaches to determine how the external costs of transport (TRT 

Transportation, 2009):  

 A bottom-up approach, which is site-specific and starts with assessing a particular 

case under specific spatial and temporal conditions. Thereafter, estimates of 

externalities of a broader set of transport activities are done by aggregating the 

single case. This approach allows marginal costs to be estimated; 

 A top-down approach, which starts with total estimates expressed in monetary 

terms for the entire sector or set of activities, which is then disaggregated among 

all particular sub-activities of the externality. This approach normally leads to 

average costs being estimated and this usually smooths out the great diversity in 

the marginal external costs which are specific to each situation. 

 

A combination of the two approaches is also possible at times and even recommended 

although the bottom-up approach is normally suggested for efficiency. Before these 

approaches can be considered, average and marginal costs, as well as possible 

internalization of external costs need to be explained. Users should be aware of the 

difference between average and marginal external costs. The former is consists of the 

total costs in a certain period which is divided by the output produced or consumed in for 

Stellenbosch University  https://scholar.sun.ac.za



24 
 

that period. The latter is made up of costs relating to a small increase in quantity. “It 

should be noted that average external costs usually neutralize the great diversity in the 

marginal external costs that are specific to each situation” (TRT, 2009). In the end, the 

marginal cost pricing is considered by the most acceptable.  

 

The concept of internalising external costs can generally be defined as the inclusion of an 

externality into the market decision-making process through pricing. In order to 

internalise the external costs caused by transport in market mechanisms, these costs 

should be quantified and included in the prices of economic goods and services. In this 

way, it equates the magnitude of the (marginal) damage to them. The key aspect when 

evaluating the feasibility of internalising external costs produced by transport is to 

evaluate whether any costs have already been internalised, so that double charging can 

be avoided (TRT Transportation, 2009). 

 

For the purpose of this study a combination of the two approaches is used. Detailed fare 

information can be obtained from the service provider regarding passenger numbers and 

kilometres travelled, and are therefore site-specific. Calculating the key external cost 

factors can then be based on this information taking into consideration fleet size and age, 

emissions volumes, accidents caused or involving the mode, as well as the congestion 

costs associated with the mode. Unfortunately, detail investigations regarding some of 

the aspects are beyond the scope of this study, and credible values for these key external 

cost factors were obtained from the literature. 

 

3.3.1. Climate Change and air pollution  

Climate change usually refers to changes in the concentration of greenhouse gases which 

have been causing a progressive warming of the Earth’s near surface, mainly because of 

human influence. Climate change produces various types of damage and these include: 

The rising of sea levels, extreme weather events, harmful effects on human health, 

agriculture, biodiversity and ecosystems, emission factors of a vehicle or transport sector 

and social cost of carbon (economic costs to society of climate change).  
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Air pollution is measured by the emission and concentration of particular pollutants. 

These pollutants include nitrogen oxides, carbon dioxide, sulphur dioxide, lead and 

particulate matter such as soot. These pollutants can cause damage to materials and 

buildings, as well as agricultural crops and forests and it can also be harmful to human 

health if inhaled. Air pollution is also dependent on many factors like fuel consumption, 

engine characteristics and maintenance, type of vehicles, infrastructure layouts, speed, 

congestion and many others. 

 

Two main approaches can be used in estimating the costs linked to the damage caused by 

climate change: (i) damage cost and (ii) avoidance costs. The damage costs approach 

seeks to estimate both the type and economic scale of the damage associated with the 

impact pathways of climate change, observed over a long period of time. The cost 

avoidance approach assumes a certain quantitative objective for the reduction of 

emissions and quantifies the cost of mitigation measures that a community is willing to 

pay in order to achieve this objective in the long-term. The cost components of climate 

change externality have been identified in factors which are linked to both the prevention 

costs to reduce risk of climate change and the damage costs of increasing temperature.  

 

The key factors for estimating the external costs attributable to air pollution can be 

grouped as follows: 

 Health costs which have a negative impact on human health attributable to 

breathing in air pollutants; 

 Material damage which has negatives impacts on buildings attributable to 

degradation of their construction materials; 

 Crop losses which in turn have negative impacts on the ecosystems attributable to 

contamination, acidification etc.  

With regards to the congestion charging method used in London, it is important to realise 

that not all externalities are easy to measure or record. Various emissions that are 

released by different transport modes are not always easily quantified or recorded for 
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research purposes. These emissions in turn result in air pollution which is not easily 

quantified in money terms.  

 

There are various possible ways to estimate the social cost of air pollution from a given 

source. Firstly, it can be attempted to measure the damage for each number of mutually 

exclusive categories and then add them. In principle it can be done for each pollutant, but 

important categories may be left out because of a lack of information. The second 

approach includes property values or wage rates can be used to work out the value 

attached by the individuals to various levels of air pollution. There is however a setback to 

this approach and that is the difficulty that comes with isolating the effects of pollution 

from all other determinants of a market price. Thirdly, rather than to measure the 

damage incurred, society’s judgement can be accepted as the optimal equilibrium 

(measured within the bounds of some legal limits and relevant air standards) (Small, 

1977). 

 

3.3.1.1. The allocation of air pollution costs 

In order to allocate an estimate of the total air pollution costs which contribute to specific 

pollutants, it has be to known where and in what quantities they were emitted, as well as 

the severity of each pollutant. All the emissions within an urban area are spread 

uniformly, and cause damage in proportion to pollutant-specific “severity factors”. The 

severity factors must be estimated from whatever evidence is available for the particular 

category of damaged that is mentioned. For materials, direct information on specific 

pollutant-material interactions is used. For human health for e.g. it is assumed that the 

severity of the pollutant is inversely proportional to its primary (health-related) air quality 

standard (Small, 1977). 

 

There are unfortunately a number of problems in putting the health standards on a 

common basis.  Firstly, the averaging period to be used differs from one pollutant to 

another. What makes it even more difficult to measure is that two of the standards refer 

to specific chemicals or classes of chemicals (e.g. nitrogen dioxide and reactive 

hydrocarbons) which are only components of the broader classes (e.g. nitrogen oxides 
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and all hydrocarbons) for which the auto emissions data and standards are given (Small, 

1977). 

 

Emissions from transport vehicles are in a field that involves not only its own extensive 

literature but also finds itself having many complexities. These include: measured 

emissions that vary with the type of road, average speed, type of car, air temperature, 

and engine temperature, the driver’s habits, and measurement devices. The information 

gives an indication of how complex it can become when wanting to measure the 

monetary value of emissions through various transport modes. 

 

3.3.2. Accidents 

The term “accident” can be defined as a specific unexpected and unintended external 

event which occurs at a particular time and place but without apparent or deliberate 

cause, leaving a marked effect. The costs of accidents can be either direct or indirect, as 

well as being linked to the health of the people involved in the accident or the material 

damage caused by the accident itself. Often, damage and risks to individuals who travel 

by a specific mode of transport are covered by insurance premiums. External costs of 

accidents can therefore be considered as the difference between total accident costs and 

insurance premiums. 

 

The majority of the studies done and surveyed preferred a bottom-up approach which 

leads to an estimate of marginal costs. Thus marginal costs may differ widely as a result of 

various specific factors (human factors; weather; state of the art infrastructure; driving 

speed; traffic intensity; vehicle technology and equipment etc.). Estimating the external 

costs of accidents may lead to different outputs as a result of one or more of the 

following factors: 

 Which impact pathways are considered (number of casualties, injuries, time lost 

for medical assistance secured by victims’ relatives etc.); 

 Which methods are used to record casualties statistically; 
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 Which economic components of the damage are considered (material damage, 

production losses etc.); 

 Which part of these costs is already internalised. 

 

The cost of accidents can be evaluated in terms of direct economic costs, indirect 

economic costs and a value of safety. Direct costs include medical and rehabilitation 

costs, legal costs, emergency services and property damage costs. Indirect costs can be 

seen as the capacity lost to the economy which results from premature death or the 

probability thereof. These two costs, however, do not reflect the well-being of people 

(value of safety). People are often willing to pay large amounts to reduce their probability 

of premature death, regardless of their production capacity. The value of safety is seen as 

the most important variable to consider in the evaluation process, as it has considerable 

influence on the estimates of social costs that are linked to accidents. 

 

3.3.3. Congestion  

Congestion has the ability to affect the performance and quality of the transport system 

in a number of ways. These include increased travel times, overcrowding and delay on 

public transport, deterioration in people’s “driving experience” when stop-start 

conditions are involved, as well as reliability issues. In road transport, congestion is 

perceived by increasing mutual disturbance, reducing manoeuvrability and in turn 

decreasing vehicle speeds (TRT Transportation, 2009). 

 

Here a bottom-up approach is used most often which starts from typical specific costs for 

transport modes and countries. One method of calculating congestion costs proceeds 

from vehicle hours lost and puts in position a certain value for time. The delay to other 

road users caused by one additional vehicle entering the traffic flow is assigned a 

monetary value based on the value of travel time. The basic elements required for the 

estimates are: 

 Infrastructure capacity; 

 Speed/flow function; 
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 Value of travel time; 

 Demand elasticity. 

 

Infrastructure capacity and speed/flow curves are used together to describe the 

development of average travel speeds on a network segment when traffic volume 

changes. The value of travel time refers to the cost of time spent on transport: in 

operating terms, it is generally treated as the value of travel time savings (benefits from 

reduced travel time). Demand elasticity is needed to assess the reactions of infrastructure 

users when congestion arises. Elasticity depends very much on local conditions e.g. the 

availability of alternatives. Given the difficulties with defining demand elasticity in 

advance, wherever possible external road congestion costs should be estimated from a 

model which simulates the interaction of demand and supply on the road network (TRT 

Transportation, 2009).  

 

Table 3.2 summarises the main externalities and their key drivers. The rapid growth in 

transport volumes and environmental awareness has made these factors form a large 

part of present day’s political agenda. The issue with introducing a corrective measure for 

external costs through their ‘internalization’ is a comprehensive, final, price for transport 

services which has become crucial for policy making and research within the transport 

sector (TRT Transportation, 2009). 

 

Table 3.2: Main types of transport externalities  

Externalities Key drivers 

Climate change and air pollution  Type of vehicle and its equipment; 

 Speed; 

 Driving style; 

 Fuel consumption and carbon 

content of fuel; 

 Population and settlement density; 
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 Receptor density close to emission 

source; 

 Sensitivity to area; 

 Levels of emissions. 

Accidents  Type/characteristics/ maintenance 

of vehicles; 

 Vehicle speed; 

 Traffic volume and speed; 

 Time of day; 

 Weather conditions; 

 Infrastructure layout, technology 

and maintenance.  

Congestion  Type of infrastructure; 

 Traffic and capacity levels mainly 

depending on the time of day, 

location, accidents and the type of 

infrastructure construction; 

 Type of infrastructure, traffic and 

capacity levels mainly depending on 

the time of day and location. 

Sources: TRT Transportation, 2009 & ITT, 2013 

 

According to The Danish Ministry of Transport’s 3rd report for 2004 “it is reasonable to 

assume that different types of external costs are independent so that total external costs 

can in turn be achieved by summing across types of externalities”. With regards to a 

certain externality, the total external costs of a specific mode can be adjudged from at 

least two points of view: 

 The effect on total external costs if the traffic generated by the mode is 

completely avoided, or 
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 The proportion of the total external costs that is generated by the mode and 

should therefore be allocated to that mode. 

The approach, however, takes “as point of departure an allocation of the total costs for all 

modes so that the sum of the costs for individual modes will by definition equal the total 

costs of all modes” (TRT Transportation, 2009). In this particular study, the second 

approach is taken into account when calculating the necessary costs.  

 

Table 3.3: Approaches typically used to account for total costs of various externalities 

Externality Method 

Climate change and 

air pollution 

The total climate change costs are calculated by applying a 

bottom up approach. This approach means that the average 

external unit costs of climate change are multiplied with the 

traffic volume split on modes and other relevant levels of 

disaggregation. This approach therefore requires the calculation 

of the average external unit costs of climate change.  The total 

external air pollution costs are calculated by applying a bottom up 

approach in which the average external unit costs of air pollution 

are multiplied with the traffic volume split in modes and other 

relevant levels of disaggregation. 

Accidents Accident risk depends on the vehicle type, the infrastructure type, 

the volume of traffic, the traffic composition, time of day, road 

conditions and the driver. For road transport the costs are 

differentiated with respect to vehicle type and location type. The 

top down approach is most often applied, where the total costs 

are calculated by multiplying the number of casualties (fatalities, 

server and light injuries) with the unit cost per casualty. 

Congestion When it comes to congestion costs, road transport opts to use a 

bottom-up approach, which starts from typical specific costs for 

transport modes and countries. One way of calculating 

congestion costs proceeds from vehicle hours lost and puts 
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forward a certain value for time. The delay as a result of other 

road users caused by one additional vehicle entering the traffic 

flow is assigned a monetary value based on the value of travel 

time. The basic elements required for the estimates are: 

Infrastructure capacity, Speed/flow function, Value of time and 

Demand elasticity.  

Source: TRT Transportation, 2009 

Table 3.4 indicates how different modes are affected by externalities by degree of 

relevance. It can be seen that road transport is affected the most and that all 5 categories 

of externalities have high degrees of relevance within this industry. It should thus be 

noted and improved upon, so as to make road transport a desirable mode for customers. 

These externalities, in the end, affect the total cost of a trip for example and thus need to 

be identified, estimated and quantified in order to provide users with a real cost trip rate 

(TRT Transportation, 2009). 

 

Table 3.4: Degree of relevance of each externality per transport mode 

Mode of 

transport 

Climate 

change 

Accidents  Air pollution  Congestion 

Road ●●● ●●● ●●● ●●● 

Rail  ●● ● ●● ● 

Aviation  ●● ●●● ●●● ● 

Maritime ● ●● ● ● 

Inland 

waterway 

● ●● ● ● 

Source: TRT Transportation, 2009 

Degrees: 

●  Low degree of relevance 

●●  Medium degree of relevance 

●●●  High degree of relevance  
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As previously mentioned, this study will be focusing on calculating the pollution cost 

aspect of externalities for the purpose of eventually providing the social costs and the real 

trip cost rate.  

 

3.4. An overview of Public Transport Affordability 

Urbanization have accelerated over the last 30 years, with the UN estimating that more 

than 50% of the world’s population will live in urban areas by 2025. This has been caused 

by people gravitating towards cities looking for mainly economic opportunities and an 

increased standard of living (Kaltheier, 2002). The resulting urban sprawl has led to “a 

spatial dislocation between the labour force and specific employment opportunities”, as a 

large section of the new (mostly poor) urban dwellers have to settle on the periphery of 

the city (CoCT, 2010). This “dislocation” has resulted in often very high commuting times 

because of higher travel distances, and well as higher travel costs and higher carbon-

dioxide emissions (FFC, 2011). Therefore, affordable public transport has become an 

important determinant of access to employment opportunities and “can [thus] provide a 

significant boost to the poor’s mobility” (Bryceson et al, 2003). 

 

The pace of urbanization is often much higher in developing countries, with cities unable 

to cope with increased demand for access to economic, education, health, and social 

services, as well as affordable housing and transport. The fact that cities often have well 

established and fixed urban structures, many cities are unable to cater for the new 

arrivals as infrastructure capacities are set. To accommodate this increased demand, 

cities have had to markedly increase its geographical footprint, placing additional demand 

on the delivery and maintenance of existing and new infrastructure. Kaltheier (2002) 

states that this has contributed significantly to the considerable problems already faced 

by urbanized areas in the form of “non-sustainable transport structures, high local levels 

of air pollution, noise, traffic jams even outside the peak traffic times as well as 

decreasing safety levels for non-motorised road-users”. In some cities, the external costs 

of transport have been estimated at more than 10% of the urban gross domestic product 

(e.g. Bangkok); this share is spent year for year on municipal welfare measures (Kaltheier, 

2002). Poor sections of the urban population, especially in developing countries, is often 
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more heavily impacted by these problems, as they are often more dependent on non-

motorised transport, which increases the risk of road accidents. 

 

Ultimately, the need for and the benefits of affordable public transport has been 

recognized in both developed and developing countries. However, affordable public 

transport encompasses much more than just the availability of vehicles on the roads or 

rail coaches on tracks. The organization, regulation and finance of particularly passenger 

transport, demands careful scrutiny to deliver an equitable and efficient service that will 

contribute to a country’s sustainable economic development, which balances economic, 

environmental and social objectives (Isalou, Litman & Shahmoradi, 2014).  

 

Although the impact and importance of sustainable economic development have become 

the focus of many governments in the last two decades, the significant impact of 

transportation on reaching sustainable economic goals has provoked heavy public, policy 

and political debate. The developed world has focussed extensively on attaining economic 

and environmental efficiency (green transport) in the public transport sector to reach 

their sustainable development goals. On the other hand, developing countries have 

focussed on transport accessibility and affordability interventions, incorporating 

strategies to address equity and pro-poor objectives (Venter, 2011), underlining the 

crucial role that affordable public transport can fulfil in successfully reaching economic 

and social development goals and poverty alleviation.  

 

South African cities, similar to all the major urbanized areas of the world, suffer from peak 

periods of congestion, with urbanization increasing the use of existing road transport 

infrastructure and facilities. This has been brought about by not only the increased 

urbanization, but also an increase in incomes and a rise in private car ownership, as more 

and more people are choosing private transport over often inefficient and inaccessible 

public transport. The resulting rise in demand for road transport has led to higher trip 

times as cities become more congested, increased trip costs as trips take longer, 

increased social cost that is produced by the higher trip times, and often greater 

inequality as lower income road users often cannot afford private transport, but are 
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forced to use it due to a lack of alternatives. Moving SA (RSA, 1998) identified the 

following as the most critical problems facing the South African public transport system: 

 Lack of Affordable Basic Access; 

 Ineffective Public Transport System; 

 Increasing Car Dependence; 

 Sub-optimal Spatial Planning. 

 

Floor (1968) states that these problems are exacerbated by: 

 Transport corridors being focused towards the central business district (creating 

demand for transport towards a singular geographical area); 

 City life that requires people and goods to converge and disperse at certain times 

of the day (creating peak periods of demand for transport); and 

 The popularity and flexibility of the private car (that has led to an increase in low-

density travel and a decrease in high-density travel). 

 

Gwilliam (2012) concurs and states that in many developing countries the increased 

income has stimulated a rapid growth of car ownership, accentuating the problems of 

congestion and the effects of motorization on the poor. Many developing countries have 

also seen an increase in road traffic accidents as well as air pollution, the integration of 

land use planning with transport is still lacking, comprehensive planning systems and 

processes rarely exist as improvements are still needed in most of the policy areas, both 

regional and local municipal finances is still insufficient with some major reforms still 

required (Gwilliam, 2012). 

 

3.4.1. Contextualizing public transport affordability 

When investigating transport affordability, an important aspect to consider is the 

geographical location of an individual or household, and therefore their accessibility to 

transport infrastructure and services, employment opportunities, goods as well as other 

social or health services (e.g. hospitals, clinics, schools, etc.). Accessibility to these 
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services is influenced by the structure of the urban area and the land-use policies being 

employed by the local authority. Urban dwellers are constantly trading-off transport costs 

to reach these services with their housing costs, as more central locations tend to offer 

better accessibility and lower transportation costs, but higher housing costs (Isalou et al., 

2014). 

 

Adequate public transport refers to services which are ‘financially accessible’, ‘available’, 

‘physically accessible’ and ‘acceptable’, and it implies “regularity, continuity, security, 

regular up-dating, generality, courtesy in service, and moderate fare” (Gomide, Leite & 

Rebelo, 2005). In this context, that financial accessibility “refers to the extent to which a 

user can afford the cost of a journey (affordability) and “can be expressed by the relation 

between the user’s monthly spending on transport and his/her income” (Gomide et al, 

2005).  

 

Public transport affordability is then expressed as a percentage of the monthly income 

spent on a predetermined number of trips and trip distance for various modes, thus 

giving an indication of the financial “duress” caused by the expenditure on transport. 

Many studies and governments have used this measure of affordability as part of public 

transport policy or as a benchmark to indicate adequate and affordable public transport. 

Public transport interventions are then developed to address areas shown to be outside 

of this benchmark.  

 

Affordability also refers to the extent to which the financial cost of journeys put an 

individual or household in the position of having to make sacrifices to travel or the extent 

to which they can afford to travel when they want to, or, the ability to undertake 

transport movements without significantly constraining the ability to undertake other 

activities of importance (Carruthers et al, 2005). Existing literature suggests that overall 

transport expenditure increases strongly with income, although transport costs as a share 

of household expenditure vary greatly across space and time, but tends to be regressive 

as transport costs consume a larger share of income among poorer households (Venter, 

2011). 
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According to Estupiñán, Gómez-Lobo, Muñoz-Raskin and Serebrisky (2007), the literature 

indicates the benchmark to be between as low as 6% and as high as 15% of a household’s 

income spent of transportation, with some even considering up to 20% still being 

acceptable. Venter & Behrens (2005) states that the South African government has set 

the benchmark at 10% of income, with areas where this benchmark is not reached, as 

areas for policy changes or intervention, either nationally, provincially or locally.  

 

However, this rigid benchmark of 10% cannot be viewed as a ceiling beyond which 

calculated values show extreme affordability or system problems. It should be recognized 

that there are variations in incomes and proportions used for transport, as well as 

differing spending priorities between different households. This will necessarily mean 

differing spending patterns and variations in requirements and consumption trade-offs of 

different households (Venter, 2011), influenced by factors such as the number of people 

in the household, residential location, travel distance to employment and/or education 

services, etc. Venter & Behrens (2005) suggests that “applying a single benchmark across 

all households or all individuals within a household could be misleading, either masking 

important underlying trends, or leading to wrong policy decisions”. Another aspect to 

consider is that the relation between welfare and expenditure on transport as a 

percentage of income may not be monotonic as it is not clear whether households that 

below than 10% of income or expenditure on transport services are necessarily better off 

than people that spend more (Estupiñán et al, 2007; Venter & Behrens, 2005). 

  

Although the Affordability index may present some drawbacks, it does well as a starting 

point when investigating problem manifesting in the transport system. Mitric & 

Carruthers (2005) suggest a synthesized approach to “analyse affordability data together 

with other measures of household economics and the transport system performance to 

get a better sense of what is happening [with regards to actual public transport 

affordability]”. However, the methodology used in this research does hold some benefits: 

 It makes it much simpler to generate comparable affordability indices across cities 

and countries; 
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 It may also be a useful first approximation, especially to determine the financial 

“duress” experienced by sections of the population; 

 It could be an indicator of a need for further analysis; 

 It can serve as starting point to identify instances where public transport is 

unaffordable and might require some kind of intervention, be it financially or 

through system improvements; 

 It can be used to as a measurement or performance indicator after public 

transport interventions; 

 Although the approach is more suited to diagnostic studies, it can still 

complements empirical studies (Estupiñán et al. 2007; Mitric & Carruthers, 2005). 

 

Dimitriou (1992) suggests four main kinds (or typologies) of access problems for urban 

commuters, especially the poor: physical access to the transport system; physical access 

onto the transport facility; economic access into the transport system and city-wide access 

provided by the transport system. These typologies are displayed in Figure 3.5.  

 

Figure 3.5: Four main kinds of accessibility problems faced by public transport users 

 

Source: Adapted from Dimitriou, 1992. 
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In many developed and developing countries, physical access to and onto the transport 

system as well as city wide access has been addressed to some extent. However, 

economic access (affordability) is often still lacking, as “in many cases poorer households 

pay more (in absolute terms) for public transport trips than their richer counterparts do” 

(Venter, 2011). The reasons for this is multi-faceted, from socio-economic to locational 

discrepancies that include the location of low-income households on the urban periphery 

in many developing countries (leading to increased travel distances and higher fares), as 

well as and a high dependence on informal transport modes with unsubsidised fares 

(minibus taxi’s) (Venter, 2011).  

 

Currie & Delbosc (2013) echoes this by identifying transport users that suffer from 

transport poverty as low income households that have to rely on unsubsidised transport 

(if available). These household often buy and use cars to reach important destinations as 

these locations are often not suited to walking and other forms of transport are too 

expensive or completely inaccessible. The running costs of using these often older 

vehicles can represent more than half of their expenditure costs (Currie, 2014). Older 

vehicles tend to have higher emissions and higher running costs (Currie, 2014), which 

puts the use of these vehicles in direct conflict with sustainability objectives such as 

energy conservation, emission reductions, and habitat preservation (Wallbaum et al, 

2012). 

 

To overcome the accessibility problems faced by urban populations, public transport 

intervention programmes should ideally be aimed at addressing the affordability issues 

faced by users, as well as the inability of many of the poor to gain access to economic, 

social, education and health services. Currie (2014) postulates the concept of social 

transit that will provide a basic social safety net meant to guarantee minimum 

accessibility to these activities, enabling users to improve their standard of living. 
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3.4.2. Factors influencing affordability 

Gomide et al (2005) states that the “concept of affordability is closely related to the fares 

charged” and the opportunity cost of a service, i.e. “the curtailment of a certain spending 

to allow the use of public transport”. Accessibility can be defined as people’s ability to 

reach goods, services and activities. This is in essence, the ultimate goal of most transport 

activities. Various factors can have an influence on accessibility, including mobility 

(physical movement), the quality and the affordability of transport options, transport 

system connectivity, mobility substitutes, and land use patterns (Litman, 2015). Litman 

(2006) lists the following as the major factors that influence affordability: 

 Accessibility vs Mobility; 

 Individual needs and abilities; 

 Household incomes and budgets; 

 Land use patterns; 

 Transportations options 

 

3.4.2.1. Accessibility vs Mobility 

There has been a shift in transportation planning: from mobility-based analysis that 

analyses the quality of transportation systems in terms of physical movement, towards 

accessibility-based analysis that analyses the system in terms of a person’s ability to reach 

their desired destinations. Accessibility can be viewed as being the ultimate objective of 

most transport activities and therefore the accessibility-based analysis would more 

accurately reflect planning goals (Litman, 2006). Although consumers ultimately have the 

option to make their own accessibility-mobility trade-offs, it would be more sensible for 

public policies to focus on accessibility-orientated solutions because: 

 Judging transportation affordability in terms of accessibility instead of mobility, 

would ensure the consideration of all the impacts and alternatives for 

accessibility. 

 Overall, solutions based on accessibility often cost less and brings about more 

benefits than those based on mobility, especially for the poorer sections of the 

community. 
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3.4.2.2. Individual needs and abilities 

As expected, people have differing needs that has to be fulfilled and abilities to pay for 

meeting them, resulting in those that have more needs, often requiring more transport. 

Physically or mentally disabled people are often unable to use even those options which 

may be affordable. The above mentioned must also be taken into consideration in 

evaluating the affordability of transportation. Litman (2006) suggests the following should 

be considered: 

 Income and wealth/ poverty. 

 Daily household responsibilities and special needs (frequent medical treatments). 

 Ability to understand and read the local language. 

 Ability to drive, as well as access to a vehicle and having the legal certification to 

drive. 

 

3.4.2.3. Household incomes and budgets 

Transportation affordability can be evaluated based on the portion of household income 

and the expenditures devoted to transportation. According to Litman (2006), 

transportation costs have increased as a portion of household expenditures during the 

last century. One factor to bear in mind is that persons per household increases with 

income, so vehicle ownership and transportation expenditures increase much faster with 

income, complicating affordability analysis as a person’s mobility needs and their abilities 

will differ. For some it may be easy by either walking or cycling and using public transport 

with a limited budget. However, some have physical constraints that make their transport 

costs very pricey. 

 

3.4.2.4. Land Use Patterns 

Various land use factors can have an effect on the travel needs for a certain level of 

accessibility. Typically, household accessibility can be viewed as a triangle: connecting the 

home, the workplace and other services. Overall accessibility will be affected by the 

distances between these destinations and transport options available and within reach. 

“Suburban and rural communities tend to have less accessible land use patterns and 
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more automobile-dependent transportation systems, increasing transport 

unaffordability” (Litman, 2006).  

 

3.4.2.5. Transportation Options 

This refers to the number of and the level of service of transport modes available to the 

transport user. The higher the level of service and the increased availability of affordable 

modes such as walking, cycling and public transport, the more affordable and accessible 

the transport system will be. 

 

3.4.2.6. Transportation Costs 

Any attempt to analyse affordability should be done as comprehensively as possible, 

considering all related costs (thus based on total costs) rather than just focusing on unit 

costs. Various costs affect affordability and can include “vehicle purchase costs and fees, 

vehicle insurance and registration fees, fuel prices, road tolls and parking fees, transit and 

taxi fares, telecommunications and delivery services” (Litman, 2006). 

 

3.4.3. Strategies for improving affordability 

The following strategies can be implemented and developed to improve affordability, 

especially in the context of South African cities and the location of many of the urban 

poor on the periphery of urban areas (Litman, 2006): 

 

 By locating affordable housing and lower-wage jobs in more accessible locations, 

it is a practical way of increasing transportation affordability.  

 Improving lower-cost transport options and increasing the number of destinations 

served by a variety of modes tends to improve transport affordability. 

  An Increase in convenience, comfort, affordability, security, user information and 

prestige of affordable modes can increase affordability. 

 Location-efficient development can be considered a transportation affordability 

strategy. 
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Litman (2006) suggests the following methods found in Table 3.5 can increase 

affordability of transport services: 

 

Table 3.5: Transportation Affordability Improvement Strategies 

Name Description  

Commuter Financial Incentives   Incentives such as “parking cash out” 

and “transit benefits” reward people 

who use alternative commute modes. 

 This then provides lower-income 

workers, who tend to use alternative 

modes more than average. 

Commute Trip Reduction Programmes 

(a.k.a Vehicle trip reduction) 

 These programmes give commuters 

resources and incentives to reduce their 

automobile trips. 

 These programmes can provide services 

that improve commuter affordability. 

Transport and Rideshare Subsidies  Subsidies that reduce transport trips 

and increase transportation 

affordability. 

Location Efficient Development   Consists of residential and commercial 

development located and designed to 

maximize accessibility. 

 This in turn improves affordable 

transportation options (walking, cycling 

and public transport) and tends to 

significantly reduce household 

transportation costs.   

Taxi services improvements   Taxi services are an important 
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transportation option in many 

situations and by establishing formal 

taxi services, it can improve 

transportation options in many rural 

communities. 

Address security concerns  As a result of feeling unsafe, many 

lower income people don’t always use 

alternative transportation modes. 

 Programmes that address the issues 

with walkers, cyclists and public 

transport users can help to increase the 

transportation affordability.  

Source: Adapted from Litman, 2006 
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4. ANALYSIS AND RESULTS 

 

4.1. Study Area 

The City of Cape Town is South Africa’s third biggest city after Johannesburg and Durban. 

The city is served by three main access routes to the CBD name the N1, N2 and N7. This 

focussed nature of the main access routes results in extreme congestion during morning 

and afternoons, meaning that the city suffers from long travel times, high transport costs, 

and lower income households located on the periphery of the city increasing their travel 

distances significantly. These problems have been exacerbated by the increase in 

urbanization over the last two decades. 

 

4.1.1. Geographic information 

Extending over an area of 2,461km2, estimates place the city’s population at 4.1 million 

people (CoCT, 2012a). Apart from the three main access routes, the city is serviced by a 

multitude of transport modes on a fairly well maintained road and rail infrastructure. 

Although the road infrastructure has reached its capacity in many instances, road 

maintenance standards are reasonably high. On the other hand, rail infrastructure is 

outdated and in the process of being refurbished and modernized. Recent developments 

have seen the implementation of a Bus Rapid Transit (BRT) system, with the existing 

normal bus system kept in place on certain routes. Informal and unscheduled minibus 

taxi’s are also a major part of the public transport offering in the city. The city is partly 

surrounded by the Indian and the Atlantic Ocean, with the CBD wedged between the 

Atlantic Ocean and Table Mountain. This has meant that development had to be 

decentralized from the CBD with large pockets of industrialized areas scattered around 

the urban area. 
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4.1.2. Socio-Economic Characteristics 

The Gini-Coefficient for Cape Town is at 0.70 somewhat better than the figure for 

country. However, this still indicates a relatively skew or unequal distribution of income, 

thus wide disparities between income groups. Additionally, the metropolitan area faces 

an unemployment rate of more than 24%, contributing to the unequal distribution of 

income in the city. This places huge pressure on the government to not only provide in 

the social, educational and health needs of the population, but also ensure access to 

employment opportunities should they arise. CoCT (2012b) indicates that 47% of 

households live below the poverty line of R3 200 per month, indicating the limited 

income available to many households and the difficulty that inaccessible and 

unaffordable public transport will have. 

 

4.1.3. Public Transport Modal Split 

A multitude of modes are available in the city, ranging from private transport to public 

transport in the form of bus, rail, minibus and BRT. Personal modes such as walking and 

cycling are also found in the city, however the larger distances often makes the use of 

these modes unsafe and unreliable. Public transport accounts for nearly 40% of the 

commuter market share, private car for 43% and Non-Motorized Transport (NMT) 

accounting for the rest. NMT is said to increase significantly over the next decade as the 

city intends to invest heavily in the development of pathways and cycle lanes, along with 

promoting the idea of decentralizing businesses from the CBD, closer to where 

households are located. Figure 4.1 displays the commuter transport market share in Cape 

Town for 2014. 
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Figure 4.1: Commuter Transport Market Share in Cape Town for 2014 

 

 

Public transport can be split further between rail at 15%, bus at 9% and minibus taxi at 

16%, making up the 40% market share. According to CoCT (2012a), the total number of 

daily commuter trips is approximately 2.75 million, consisting of 634,000 passenger trips 

per day by rail, conventional bus (GABS) at 270,000 passenger trips per day and minibus 

taxi’s at 330 000 passenger trips per day.  Therefore, it can be assumed that private 

vehicle travellers are in the order of 1.5 million (work trips) per day. 

 

4.2. Data 

Various data sources were considered for this study. Calculating the external cost 

categories discussed in this study would have entailed detailed analysis and 

measurement, which were beyond the scope of this research. For that reason, data 

obtained from various credible sources during the literature review was used as an 

indication of the cost / passenger kilometre for the various public transport modes. The 

researcher acknowledges that this may lead to skew results due to: 

 Values obtained may reflect much lower accident rates (that would influence the 

accident cost component); 

 Bus fleet emissions may be much lower for the countries that was investigated 

due to different emissions standards and vehicle population age, thus influencing 

climate change and air pollution cost data obtained; 

43% 
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 Congestion conditions in other parts of the world may not be representative of 

South African conditions, thereby influencing the data obtained; 

 Climate change and air pollution, accident costs and congestion is influenced by 

the public transport mix used in a country and may differ significantly from South 

African conditions. 

 

The values obtained by this approach are therefore an average indication from various 

sources around the world. However, the results do give an indication of the need to 

include key external cost components to better reflect the true cost of public transport in 

South Africa. It also shows the need for further research to establish SA indices for these 

key cost components. 

 

4.2.1. Calculating Climate Change and Air Pollution Costs (Vehicle Emissions) 

A variety of models can be found in the literature for estimating emissions that contribute 

to climate change and air pollution from road transport. These range from emissions 

inventories and emissions simulation models to micro-simulation models that estimate 

the emissions released during chemical reactions (Goyns, 2008)1. For South Africa, Wong 

and Dutkiewicz (1998) and Stone (2000) provide estimated emission factors, although 

these studies did not provide estimates for buses and passenger diesel vehicles. 

Thambarin & Diab (2011) also points out that “these emission factors are not expressed 

as a function of vehicle speed”. Vehicle emissions (VE) is thus a function of vehicle type 

and age, fuel consumption, annual kilometres travelled, average vehicle speed and 

atmospheric conditions, or expressed as: 

 

VE =  ƒ{vehicle type, vehicle age, fuel consumption, annual kilometres travelled, average 

speed, atmospheric conditions} 

 

                                                           
1
 For a discussion on better-known national and international emissions inventory models, see Goyns 

(2008). 
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The Computer Program to Calculate Emissions from Road Transport (COPERT) model is 

often used in SA to determine base emissions inventories by using vehicle type, emissions 

regulation, vehicle activity, and average vehicle speed and road type. Developed for 

European road traffic circumstances, both Goyns (2008) and Thambarin & Diab (2011) 

point out that there are some limitations in applying the methodology as is in South 

Africa. Because the model uses vehicle fuel type, fuel consumption, vehicle fleet 

composition or technology, vehicle mileage, and typical average speed as inputs, 

differences between South Africa and Europe can cause skewed results. However, “due to 

the limitations of existing South African emission factors and the average age of motor 

vehicles in the country, the COPERT emission factors and the COPERT model were 

deemed suitable for the purposes [of estimating emissions values]”  (Thambiran, 2011). 

Table 4.1 displays average total emissions factors as calculated for Gauteng (WWF-SA, 

2016). The emissions factors where monetized using average carbon tax values per ton 

CO2e as prescribed by Department of Finance (2016). 

 

Table 4.1: Average emissions per passenger kilometre (2015 values) 

 Emissions 

in kg / 

passenger 

kilometre 

Cost / Tonne 

CO2e 

Emission 

Cost (R) / 

passenger 

kilometre 

Bus 0.038 R120.00 R0.005 

Minibus 0.060 R120.00 R0.007 

Rail 0.045 R120.00 R0.005 

Car 0.156 R120.00 R0.02 

 

From Table 4.1, travelling by private car seems to produce more than twice as much 

GHG’s as minibus/taxi’s, with bus transport producing the least emissions. The results 

indicate the importance and potential of using and expanding bus transport to mitigate 

some of the emissions produced by public transport. 
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4.2.2. Calculating Accident Costs 

Accident cost does not represent the value of a person’s life, but rather the “willingness 

to pay for a marginal reduction in the risk of death” (Zegras, 1997). There are two 

approaches to monetizing the costs of accidents, the Human Capital method and the 

Comprehensive method. The Human Capital method measures only market costs, 

including emergency services, damage to property, medical expenses and lost 

productivity indicating a willingness to pay to avoid a death. The Comprehensive method 

adds pain, grief and the impact on quality of life, and reflects road user’s willingness to 

pay to avoid road injuries and death. 

 

There is a lack of reliable research on the cost of accidents in South Africa for the modes 

investigated in this report. Accordingly, available European data was used for calculating 

accident costs, as represented in Table 4.2. The data was obtained from an update study 

done in 2004 by Infras, with the University of Karlsruhe and includes average values for 17 

European countries in 2000. Using the Purchasing Power Parity (PPP) values obtained 

from the OECD website (OECD, 2016), the values was converted to US dollar and then to 

SA rand for 2000, adjusting it with average SA inflation since 2000.  

 

Table 4.2: Average accident cost per passenger kilometre (2015 values) 

Mode Infras 2000 

value € per 

passenger 

kilometre 

PPP 

€ / $ 

(Year = 2000) 

PPP 

R / $ 

(Year = 2000) 

Average 

Annual CPI 

for SA since 

2000 

Accident 

Cost (R) / 

passenger 

kilometre 

Bus 0.0024 0.795007 2.73 5.3325 R0.0120 

Minibus2 0.0156 0.795007 2.73 5.3325 R0.0770 

Rail 0.00008 0.795007 2.73 5.3325 R0.0004 

Car 0.031 0.795007 2.73 5.3325 R0.1542 

                                                           
2
 For the purpose of this study, the value of minibus/taxi’s is assumed to be halve of the value for private 

car. 
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Table 4.2 indicates a much higher value for private car transport compared to the other 

modes. This could be due to the higher prevalence of private car transport, as well as the 

low average occupancy of private vehicles, a situation which is also found in South Africa, 

where average occupancy for private cars range from 1,2 to 1,4 passengers per vehicle. 

 

4.2.3. Calculating Congestion Costs 

One way of calculating congestion costs proceeds from vehicle hours lost and puts 

forward a certain value for time. The delay as a result of other road users caused by one 

additional vehicle entering the traffic flow is assigned a monetary value based on the 

value of travel time. Congestion costs can thus be represented as follows: 

 

Congestion Costs = ƒ{Infrastructure capacity, Speed/flow function, Value of time and  

   Demand elasticity} 

 

Unfortunately, detailed data on the cost of congestion could not be found for South 

Africa or the City of Cape Town. However, Numbeo’s 2015 Traffic Index indicates that the 

average commuter spends an additional 47 minutes in traffic (one way) due to congestion 

in Cape Town. That equates to an additional 94 minutes per day to commute to and from 

work. The index consists of user input and information collected from a number of 

sources, with statistically inaccurate data being discarded through the use of algorithms, 

and the group is often used as a comparative data source (businesstech.co.za).  

 

For the purpose of this study, commuters using Mini-bus and Private transport are 

assumed to experience a 94 minute delay per day. On certain roads, the city has provided 

exclusive bus lanes, meaning that, to some extent, bus transport are not that heavily 

impacted. It is thus assumed that passengers using conventional bus transport only 

experience 80% of the delay of private and mini-bus commuters. Rail commuters should 

not experience any delays due to congestion, as the train service operates on an exclusive 

right of way.  
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From this, the cost of the delay due to congestion can be monetized by using the average 

hourly wage rate of South Africa. Although the wage rate will vary for the different 

commuters as their choice of mode is impacted by their income and therefore their type 

of employment, the national average wage rate is the most available average to calculate 

the cost of congestion, and a value of R60 per hour is assumed for this study. Table 4.3 

displays the calculated value of congestion, using an average trip distance of 22km (44km 

return trip). It is assumed that on average bus trips have 55 commuters per trip, mini-bus 

taxi’s 14 commuters and private car 1.4. 

 

Table 4.3: Average congestion cost per passenger kilometre (2015 values) 

Mode Average 

Delay per day 

(Minutes) 

Average 

delay per Km 

(Minutes) 

Average 

wage rate in 

Rand per 

Minute 

Congestion 

Cost (R) / 

passenger 

kilometre 

Bus 75 1.71 R1.00 R0.03 

Minibus 94 2.14 R1.00 R0.15 

Rail 0 0 0 0 

Car 94 2.14 R1.00 R1.53 

 

From Table 4.3, the congestion cost of private transport is much higher than for bus and 

mini-bus transport. This is due to the much lower average occupancy for private vehicles 

of 1.4 that was used in the calculations. Also, although rail commuters will experience 

some delays, specifically to access and egress the mode, these were not considered for 

this calculation. Additionally, rail commuters have been experiencing significant delays 

due to maintenance issues on the rail system as well as incidences of track and rolling 

stock vandalism, which have contributed to increased travel times. However, these delays 

cannot be attributed to the congestion experienced on the road-based transport 

network, as rail has an exclusive right of way. Table 4.4 summarizes the calculated 

externalities per passenger kilometre, as well as the calculated total external cost per 

passenger kilometre. 
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Table 4.4: Summarized cost of externalities per passenger kilometre (2015 values) 

Mode Emission Cost Accident Cost Congestion Total 

External Cost 

Bus R0.005 R0.0120 R0.03 R0.0470 

Minibus R0.007 R0.0770 R0.15 R0.2340 

Rail R0.005 R0.0004 0 R0.0054 

Car R0.02 R0.1542 R1.53 R1.7042 

 

Table 4.4 indicates the external cost of private transport to be significantly higher than 

that of public transport modes. Intuitively, this makes sense, in light of the fact that South 

African occupation rates for private vehicles are much lower than not only public 

transport vehicles, but also world averages. This could be due to the absence of a culture 

of lift-clubs, commuters’ preference to drive with a private vehicle due the unreliability of 

public transport modes and safety concerns. Due to the methodology used in this thesis, 

the external cost of rail transport remains insignificant, but could become significant if 

additional factors are considered and quantified, including energy costs and actual delays. 

The rail service uses electricity as its mainly supply of propulsive energy, which has 

become an increasingly important component of rail’s total cost due to increases in the 

cost of electricity over the last 10 years. The following sections investigate the impact of 

the calculated external costs, firstly depicting the affordability without and then including 

it in the tariff of the modes in the study area. 

 

4.2.4. Calculating the Affordability Index 

 

To calculate the affordability component of this study, data regarding household income, 

spatial data and the number of households per zone was needed. The National Household 

Travel Survey 2013 (NHTS 2013) provided detailed data on household incomes and 

expenditure. The data is available at a Transport Analysis Zone (TAZ) level, from which the 

average monthly household income can be calculated. Household incomes were adjusted 
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by average inflation since 2013, obtained from StatsSA, to reflect 2015 values. Carruthers 

et al (2005) formulated The Affordability Index as: 

 

𝐴𝑓𝑓1 =
 ∑ �̅�𝑖

𝑁
𝑖=1 𝑝

𝑦
  (1) 

 

where �̅�𝑖  indicates the total number of trips taken by household member i, p indicates the 

average price per trip for the different modes, N refers to the number of household 

members and y the total monthly household income. For their study, Carruthers et al 

(2005) assumed 60 monthly trips, an average trip distance of 10km’s and calculated the 

average cost of a 10km as price or fare in their analysis. This study also assumes 60 

monthly trips, a South African average trip length of 22km and the average cost per 

passenger kilometre as the price or fare. The index is displayed as a percentage, indicating 

the percentage of total monthly household income spent on transport. Table 4.5 displays 

the cost per passenger kilometre for the various modes used in this study without the 

inclusion of an external cost levy.  

 

Table 4.5: Average fare per passenger kilometre (2015 values) 

Mode Fare per 

passenger 

kilometer 

Bus R0.48 

Minibus R0.58 

Rail R0.12 

Car R1.31 

 

For Bus, Minibus and Rail, current fares for different routes were obtained. The distance 

of these routes were determined, and an average fare per passenger kilometre was 

calculated for each of the modes. This represents the actual cost per passenger kilometre 

that the final user pays, in 2015 values. The value for Car was obtained from SARS and is 

Stellenbosch University  https://scholar.sun.ac.za



55 
 

based on an average four-door sedan valued between R160,000 and R240,000 and 

includes only fuel cost of 92.00 c/km and maintenance of 38.6 c/km. 

 

4.3. Results 

 

4.3.1. Affordability excluding external costs 

 

Using the average fare per passenger kilometre from Table 5.2, the total monthly cost for 

each mode based on 60 trips per month and an average trip distance of 22 kilometres 

was calculated as R634 for Bus, R766 for Minibus, R158 for Rail and R1729 for Car. The 

Affordability Index for the TAZ’s in the study area was calculated and is displayed in Table 

4.6 and graphically in Figure 4.2, representing the proportion of monthly income an 

average resident of each TAZ has to spend to use the different modes in a calendar 

month. Values currently exceeding government’s target of 10% are highlighted in red. 
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Table 4.6: Affordability Index without External Costs for each TAZ (2015 values) 

TAZ 
ID 

TAZ Name 

Average 
Monthly 

Income (R 
= 2015  
values) 

Bus 
Affordability 

Index 

Minibus 
Affordability 

Index 

Rail 
Affordability 

Index 

Car 
Affordability 

Index 

9028 Khayelitsha 4429.30 0.1430 0.1728 0.0358 0.3904 

9027 Mitchells 
Plain/Gugulethu 

6070.72 0.1044 0.1261 0.0261 0.2848 

9024 Blue Downs 6502.76 0.0974 0.1177 0.0244 0.2659 

9036 Strand 10072.11 0.0629 0.0760 0.0157 0.1717 

9025 Belgravia 10415.99 0.0608 0.0735 0.0152 0.1660 

9035 Langa/Bishop 
Lavis 

10501.57 0.0603 0.0729 0.0151 0.1647 

9023 Parow/Bellville 12009.39 0.0528 0.0638 0.0132 0.1440 

9030 Central Cape 
Town 

12584.62 0.0503 0.0608 0.0126 0.1374 

9026 Grassy Park 13684.14 0.0463 0.0559 0.0116 0.1264 

9021 Kraaifontein 14564.55 0.0435 0.0526 0.0109 0.1187 

9020 Northern 
Corridor 

14595.79 0.0434 0.0525 0.0109 0.1185 

9031 Kuilsrivier 16117.61 0.0393 0.0475 0.0098 0.1073 

9029 Somerset West 17392.79 0.0364 0.0440 0.0091 0.0994 

9032 Durbanville 19115.56 0.0331 0.0401 0.0083 0.0905 

9040 Sea Point 20092.16 0.0315 0.0381 0.0079 0.0861 

9037 Simonstown 20246.52 0.0313 0.0378 0.0078 0.0854 

9038 Wynberg 26464.61 0.0239 0.0289 0.0060 0.0653 

9033 Oostenberg 35072.64 0.0181 0.0218 0.0045 0.0493 

Source: Own Calculations 
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Figure 4.2: Modal Affordability Index without External Costs (2015 Values) 

 

Figure 4.2 shows significant challenges for commuters in terms of transport affordability 

in the Cape Flats area of the City of Cape Town. Only rail meets the maximum 10% of 

income as entailed in government policy for the whole city, with the other two public 

transport modes exceeding this limit a fairly small part of the city. However, it should be 

borne in mind that these areas are fairly densely populated areas, with a major 

proportion of the inhabitants earning low incomes and unemployment being substantially 

higher than the city average. Also, inhabitants of these areas have less choice when it 

comes to the type of transport mode to use, and rely heavily on public transport as their 
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primary source of mobility. This point to a need to have more affordable and extensive 

public transport services in these poorer areas. The following section considers the 

addition of external costs on the affordability of the four modes considered. 

 

4.3.2. Affordability including external costs 

 

Using the same assumptions as in Section 4.3.1., and adding the external cost, the 

monthly cost of the four modes are now R700 for Bus, R1069 for Minibus, R172 for Rail 

and R3973 for Car. Overall, both minibus and private car transport have seen significant 

increases in terms of the monthly cost of using these modes, with bus and rail transport 

experiencing only slight increases in the monthly costs. Being mass transit modes, this is 

not that unexpected, while the technical limitations of the other two modes do limit the 

amount of passengers it can move per trip. The impact on the affordability for the 

residents of the TAZ’s are displayed in Table 4.7 (numbers in red indicates an index above 

the 10% target), and again graphically in Figure 4.3.  

 

Rail still remains the only mode that falls within government’s 10% target, while the 

number of TAZ’s showing an index above the 10% target have increased for all the other 

modes. Both bus and minibus transport has increased to beyond 10% in a number of 

areas, again affecting highly populated areas, and therefore a large section of the poor. 

Although private car transport is now above the 10% threshold for all the areas included 

in the study, it should be noted that many of the TAZ’s earn significantly more than the 

average income in the City. Also, priorities of households will differ, and higher income 

households tend to spend more in absolute terms on transport. Before any public 

transport interventions are considered for the higher income areas, user preferences 

must be investigated to determine the viability of public transport investment, as higher 

income earners are more willing and able to accept these additional costs. 
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Table 4.7: Affordability Index with External Costs for each TAZ (2015 values) 

TAZ 
ID 

TAZ Name 

Average 
Monthly 

Income (R 
= 2015  
values) 

Bus 
Affordability 

Index 

Minibus 
Affordability 

Index 

Rail 
Affordability 

Index 

Car 
Affordability 

Index 

9028 Khayelitsha 4429.30 0.1579 0.2414 0.0387 0.8970 

9027 Mitchells 
Plain/Gugulethu 

6070.72 0.1152 0.1761 0.0283 0.6545 

9024 Blue Downs 6502.76 0.1076 0.1644 0.0264 0.6110 

9036 Strand 10072.11 0.0695 0.1062 0.0170 0.3945 

9025 Belgravia 10415.99 0.0672 0.1026 0.0165 0.3815 

9035 Langa/Bishop 
Lavis 

10501.57 0.0666 0.1018 0.0163 0.3783 

9023 Parow/Bellville 12009.39 0.0583 0.0890 0.0143 0.3308 

9030 Central Cape 
Town 

12584.62 0.0556 0.0850 0.0136 0.3157 

9026 Grassy Park 13684.14 0.0511 0.0781 0.0125 0.2904 

9021 Kraaifontein 14564.55 0.0480 0.0734 0.0118 0.2728 

9020 Northern 
Corridor 

14595.79 0.0479 0.0733 0.0118 0.2722 

9031 Kuilsrivier 16117.61 0.0434 0.0663 0.0106 0.2465 

9029 Somerset West 17392.79 0.0402 0.0615 0.0099 0.2284 

9032 Durbanville 19115.56 0.0366 0.0559 0.0090 0.2079 

9040 Sea Point 20092.16 0.0348 0.0532 0.0085 0.1977 

9037 Simonstown 20246.52 0.0346 0.0528 0.0085 0.1962 

9038 Wynberg 26464.61 0.0264 0.0404 0.0065 0.1501 

9033 Oostenberg 35072.64 0.0199 0.0305 0.0049 0.1133 

 

The increase in bus and minibus tariffs should be of some concern. As alluded to earlier, 

these modes service mostly the poorer areas of the city, where inhabitants have limited 

options for mobility. This leads to the question of equity: will the introduction of external 

costs in the tariffs of public transport modes lead to more inequality and inequities. From 

a purely economic view, these costs should form part of the transport tariffs, but from a 

social perspective, adding another layer of cost that will affect the more marginalized 
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sections of the population, will only contribute to the hardships already faced by those 

inhabitants. 

 

Figure 4.3: Modal Affordability Index with External Costs (2015 Values) 
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While the need to include external costs in the price of transport has been discussed 

extensively in this research, the findings indicate that it could lead to much more hardship 

for users already under financial pressure. This would also severely hamper the mobility 

of users, who are often captive users with no access to alternative means of transport, 

and could therefore contribute to social exclusion. Already one of the most unequal 

societies in the world, care should be taken when introducing additional costs on public 

transport users, and any new or additional costs should consider the impact it will have 

on those already marginalized.  
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5. CONCLUSION 

 

The inclusion of external costs is important in order to have an accurate estimate of what 

the actual costs of transport services cost to the service providers. External costs such as 

congestion, air pollution and accident costs, noise pollution and even infrastructure costs 

cannot be ignored, as they affect not only transport users but the community as a whole. 

Ways must be found to identify, measure and quantify the external costs so that it can be 

included in the final costs for a public transport trip.  

 

It is thus important to note that many developing countries display a structure where 

most of the urban poor are situated on the periphery of the city and have to spend a lot 

of time and money in order for them to reach their place of employment. The higher 

distances to employment, health services, education facilities and other social services, 

severely hampers the mobility of the urban poor, and leads to social exclusion. Also, in 

terms of affordability, lower incomes groups are affected the most by transport fees and 

tariffs as they spend a much higher portion of their monthly income on transport services 

to access employment opportunities and any other social and recreational activities. 

Accessibility to affordable public transport therefore plays an important role in advancing 

the social and economic development of a country and the users of public transport.  

 

This study noted that although extensive research has been done with regards to the 

inclusion of external costs in other countries, South Africa still lacks the research and 

knowledge where this is concerned. It is therefore important to introduce and update 

public transport policies, as the study also found the need for not only conducting such 

research but for also establishing reliable measures and estimates of external costs. 

 

The following are some of the more pertinent findings of the study: 

 To reflect the true resource cost of transport, and to ascribe to the user-pay 

principle, the external cost of transport should be included in the final fares and 

tariffs that transport users pay; 
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 To fully reflect the true cost of transport (the social cost), external cost must be 

identified, quantified and recovered from the final transport user to enable the 

optimal allocation of resources; 

 

 There is a lack of research and data regarding transport externalities in South 

Africa, even though the economic reasoning and justification has been well 

established in the literature; 

 

 With the economic rationale of charging for external costs established, a 

consistent and accepted framework for calculating the cost is still lacking, 

specifically for South Africa and developing countries, considering their unique 

socio-economic challenges; 

 

 Although including external cost in the price of transport can be economically 

justified, it can still be socially unacceptable, as it may lead to further inequality in 

societies where equity challenges are part of the socio-economic fabric of that 

society; 

 

 A rudimentary calculation of external costs and the impact of it on affordability, 

strengthens the former point that given the skew distribution of income in South 

Africa, care should be taken to not add an additional layer of cost for the already 

marginalized sections of the country’s population; 

 

 Even if an equitable system could be found where those that can afford it will 

carry a larger portion of the burden (private car users), these users may already 

be contributing towards other forms of taxation, and additional taxes could 

severely impact their purchasing power, having a knock-on effect on the rest of 

the economy. 
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The onus is therefore on government and local authorities to find an equitable way to 

make provision for these additional costs that transport users will have to incur. Other 

strategies that government could consider include: 

 

 Congestion charging – targeting the congestion component of the external costs 

specifically, varying by the time of day and the volume of traffic; 

 

 Increasing the fuel levy to reflect the external cost, although the impact on equity 

should be investigated beforehand; 

 

 By increasing convenience, comfort, security, user information and the prestige of 

affordable modes, they can help to increase affordability.  

 

In conclusion, although the methodology was not conventional, the study still indicated 

the need for including external costs in the fares of bus transport. It showed the impact it 

would have on affordability, especially towards the most vulnerable (urban poor). It also 

gave an indication of what government can do to mitigate the effect of external costs. 

The study also highlighted the lack of research and reliable estimates relating to the South 

African context and that further research and investigation is recommended. 
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