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ABSTRACT

Inefficient road infrastructure investment in South Africa has led to five core policy failures:
deterioration in road network conditions; neglect of citizens’ constitutional rights of access
to basic services; insufficient prioritisation of roads that best promote the general economy;
an excessive rural road network; and application of inefficient road surfaces that increase
road maintenance and road-user costs and fail to take advantage of the low shadow price
of unskilled labour. The thesis first reviews the extent and consequences of these failures
and evaluates their opportunity cost with respect to the potential benefits from more efficient
road infrastructure investment policy. If fiscal constraints are accepted as exogenous given
South Africa’s politically driven budgeting process and the magnitude of road maintenance
backlogs, then the question can be posed as to the capacity of the current maintenance
scheduling systems to efficiently prioritise road investment according to the sector mandate
to (i) satisfy citizens’ right of access to constitutionally protected basic services, and (ii)
maximally contribute to economic growth. The answer to this question is negative: the fact
that none of the systems are appropriate to prioritisation explains the identified core failures.
The thesis addresses this gap in several stages of analysis. The first stage is to develop a
cost-effectiveness analysis-based road classification system that accounts for basic access
and economic growth. This generates two important findings: most of the demand for access
to basic services, which as per a normative economic framework based on arguments due
to Rawls and Binmore is the first lexicographical policy priority, can be satisfied by roads
that also support economic growth; and authorities can maintain Basic Access Roads and
still have significant fiscal space within current allocations to maintain roads that optimally
contribute to economic growth. The optimisation exercise proceeds through three stages.
First, lifecycle cost analysis is applied to determine cost-effective surface solutions for low-
volume roads, many of which are Basic Access Roads, and the employment benefits of a
policy to seal low-volume roads. Second, a two-step floating catchment area model is used
to identify potentially unproductive roads that may be cost-effectively rationalised through
basic service hub relocation. With basic access rights satisfied efficiently, cost-effectiveness
analysis is lastly applied to exploit the remaining exogenously given road budget allocation
to develop and test a model of road maintenance prioritisation that optimises the sector’s
contribution to national economic growth via export promotion, which is identified in official

literature as the primary variable under policy control to promote national economic growth.
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EXECUTIVE SUMMARY

South Africa’s road network is managed by a complex structure of national, provincial, and
municipal road authorities. This structure requires an efficient road infrastructure investment
policy to consistently ensure optimal expenditure outcomes across the sector. However, the
requisite policy is absent and this has largely contributed to: deterioration in the road network
conditions; neglect of citizens’ constitutional rights of access to basic services; insufficient
prioritisation of roads that best promote the general economy; an excessive rural road
network; and application of inefficient road surfaces that increase road maintenance and
road-user costs and fail to take advantage of the low shadow price of unskilled labour. This
thesis develops the necessary policy framework to fundamentally resolve these failures.

The first step is to motivate the necessity of this goal through reference to the importance of
road infrastructure in South Africa. This understanding is gained through the relevant road
transport statistics and a theoretical production function supported by local information and
case studies. Once the economic importance of road infrastructure is established, this thesis

develops the following elements of an optimal road infrastructure investment policy:

A review of the factors affecting road authorities’ investment operations. Identified in the
performance records of the provincial and municipal road authorities are significant human
resource constraints and road maintenance backlogs. The implication of this finding is that
the incapacitated sub-national road authorities are forced into urgent need for investment
prioritisation, which is set to persist over at least the medium to long term.

An assessment of the road investment prioritisation systems against the official mandate
assigned to South African road authorities. None of the available prioritisation methods
compare well against the two criteria that comprise the official mandate of South African
road authorities: a constitutional obligation to address all citizens’ rights of access to basic
services, and to achieve efficiencies that best promote macroeconomic growth. Authorities

thus require another method to systematically prioritise road infrastructure investment.

A cost-effectiveness analysis-based road classification system. This system is designed to

account for the mandate of road authorities and is sensitive to the circumstances in South

- XVi -



Africa. The new road classes that are proposed can be integrated into road asset
management systems in such a way as to: preserve basic access routes; prioritise
investment in roads that maximise economic growth; and unproclaim roads that fulfil no
basic access function whilst making negative contribution to economic growth in light of the

opportunity cost of maintaining them.

Minimise the resource requirements to satisfy basic access rights. Optimal basic service hub
locations are presented as an alternative to the continued maintenance of some specific
basic access roads. Using GIS data, cases are identified in which, based on the trade-offs
between road maintenance and the capital and current costs to create or relocate a basic
service centre, authorities could potentially realise significant net saving from such action,

which could then be directed to roads that maximise economic growth.

Minimise the lifecycle cost of roads. An optimal road surfacing policy is developed to cost-
effectively inform authorities’ design decisions. The policy recommendations are sensitive
to a range of factors, including labour-intensive road works, the varying shadow price of
labour across South Africa’s provinces, and environmental features. The findings support
the proposition that, in South Africa under its current economic and institutional conditions,

roads worth maintaining at all should be sealed rather than maintained with gravel.

Maximise the contribution of the road network to macroeconomic growth. This requires an
analysis of the channels by which road infrastructure contributes to macroeconomic growth
in South Africa, and what type of roads make the greatest contribution to this growth. Cost-
effectiveness analysis is applied to estimate and rank the relative contribution of a road to
economic growth in terms of the objectives stipulated by the National Development Plan. As
a case study, this method is applied to the provincial road network in Mpumalanga Province
to generate a Prioritisation Index. This Index is assessed in relation to the historical budget

allocations to demonstrate the practical value of the approach.
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1 INTRODUCTION

1.1 PROBLEM STATEMENT

The South African roads sector is subject to a large fiscal constraint due to politically driven
budgeting processes and high road maintenance backlogs relative to historical and forecast
roads budget allocations. This constraint forces road authorities, including the 9 provincial
and 234 municipal road departments, to undertake extensive road investment prioritisation
exercises across the 750 000 km South African road network. However, this thesis identifies
that the current road investment policy and set of road maintenance scheduling systems are
unable to efficiently prioritise road investment according to the roads sector mandate to (i)
satisfy citizens’ right of access to constitutionally protected basic services, and (i) maximally

contribute to economic growth.

The inadequacies of the road investment policy and maintenance scheduling systems have
contributed to five core policy failures: a significant deterioration in road network conditions;
neglect of citizens’ constitutional right of access to basic services; insufficient prioritisation
of roads that best promote general welfare; an excessive rural road network; and application
of inefficient road surfaces that increase road maintenance and road-user costs and fail to
take advantage of the country’s very low shadow price of unskilled labour. The opportunity
cost of these policy failures with respect to the potential benefits from more efficient road
infrastructure investment policy is high given that many rural communities fall outside the
prescribed access norms and standards to basic service hubs, road infrastructure is South

Africa’s largest public asset, and most freight within South Africa is transported by road.

Despite the evident opportunity cost of these policy failures and calls for more efficient road
investment by the National Development Plan (NDP), none of the current road investment
models are appropriate to prioritisation. Road authorities must address the political economy
issues of basic access rights and spatial inequality before it is possible to sustainably apply
a national road investment prioritisation model focused on maximising economic growth.
The first research objective is therefore to lay the foundation for a national road investment

prioritisation model by addressing political economy factors and optimising the road network.



1.2 PURPOSE STATEMENT

The initial objective is to investigate the extent and consequences of the previously identified
policy failures in the South African roads sector, and evaluate their opportunity cost against
the potential benefits from more efficient road infrastructure investment policy. The present
analysis provides a more detailed motivation for the research than that given by the National
Planning Commission (2012) and National Department of Transport and demonstrates that
the policy failures are ongoing issues. These policy failures are linked to the road investment
and maintenance practices applied by the provincial and municipal road departments via an
institutional review of the South African roads sector. According to Banister and Berechman

(2003) this is a typical problem identification for countries with a developed road network.

This thesis then progresses through several stages of analysis to establish the foundation
for a national road investment prioritisation model for South Africa. Stage one is to develop
and test a cost-effectiveness analysis-based road classification system that accounts for the
two functions stipulated by the road sector mandate: provide access to basic services and
contribute to economic growth. Roads can then be consistently classified and prioritised
according to the service, or combination of services, they provide. This classification system
is a critical foundational element for a national road investment prioritisation model as it
separates economic growth from the other political economy demands. Identifying the roads
that satisfy citizens’ right of access to basic services allows road authorities to prioritise this
demand and confirms there is no risk of a Hobson’s choice between neglecting basic access
rights and neglecting the economic growth on which poverty rate reduction depends. This
basis enables road authorities to confidently proceed with the application of a national road

investment prioritisation model focused on maximising economic growth.

As part of the foundation for a national road investment prioritisation model this thesis also
performs important optimisation exercises. The first two optimisation exercises investigate
methods to efficiently satisfy basic access rights, thereby maximising the available budget
for maintenance of roads that contribute to economic growth. The third optimisation exercise
develops and tests a model of road maintenance prioritisation that optimises the sector’s
contribution to national economic growth via export promotion, which is identified in official

literature as the primary variable under policy control to promote national economic growth.



1.3 FUNDAMENTAL CONSIDERATIONS

1.3.1 Methodological approach

Among the possible studies related to the problem statement in Section 1.1 are three high-
level economic exercises. This thesis adopts a practical approach and develops a policy
framework to efficiently allocate the available resources among the competing road projects.
One alternative would be a conventional welfarist exercise to determine an optimal budget
allocation for the roads sector as a function of a welfare optimising overall public expenditure
schedule. Another alternative would be to evaluate the efficiency of the bargaining process
that determines resource allocations to the roads sector using a public choice model.

Motivations favouring the practical approach over the welfarist exercise are given by Graaff
(1963) and Sugden (2018). Graaff, who is one of the most important contributors to welfare
theory and among the most influential South African economists, provides a detailed critique
of the practical relevance of theoretical welfare economics. Given Graaff’'s scepticism about
the practical value of standard neoclassical welfare theory, it is ironic that he engineered the
system-wide reform of the post-apartheid South African Revenue Service and tax code -
which proved remarkably successful. Importantly, Graaff only expresses scepticism about
the practical usefulness of welfare theory after providing the most elegant consolidation of
formal classical welfare theory conducted at the time (or, arguably, ever), as acknowledged

by no less than Samuelson.

Graaff’s (1963) scepticism about the practical usefulness of welfare theory focuses on three
problematic conditions that must be satisfied in applications. Firstly, the choice of a time
horizon is critical as it defines the group whose welfare is to be maximised. But as Graaff
explains, a definite value judgement is required to determine the time horizon. Without a
rational basis to choose a specific group demarcation or intergenerational discount rate,

there is an arbitrary element at the foundation of any application of welfare theory.

Secondly, Graaff argues that any satisfactory theory of welfare must account for the external
effects in consumption. However, economists generally ignore the extent to which individual

tastes are moulded by social forces when deriving welfare function frontiers. Graaff’'s (1963)



explanation for this oversight is that it is so hopelessly complicated to identify and estimate
the external effects in consumption that large-scale policy applications will inevitably be

hostage to heroic assumptions.

Thirdly, Graaff contends that there is no agreed basis for aggregating exogenous individual
risk preferences to construct a social risk preference. Matters that require collective action
therefore need a definite value judgement as to what constitutes the socially preferred level

of risk. Without this the economist is unable to estimate the welfare effect of a policy.

Given these bases for scepticism, Graaff (1963) concludes that: “the greatest contribution
economics is likely to make to human welfare, broadly conceived, is through positive studies
— through contributing to our understanding of how the economic system actually works in

practice — rather than through normative welfare theory itself.”

Sugden (2018) criticises the practical relevance of conventional welfare economics due to
its peculiar viewpoint. He contends that conventional welfare economics assumes a synoptic
viewpoint, with the analyst taking a god-like position that is removed from the society whose
well-being is assessed. This means that policy recommendations are typically addressed to
an imagined benevolent dictator whose objective is to maximise the well-being of society.
Sugden argues that there is little practical point to addressing policy advice to a non-existent,
benevolent social planner focused on maximising the well-being of society. Real planners
have neither the disinterested and universalist utility functions of the imaginary planner, nor
the power to implement the kinds of general equilibrium solutions at which standard welfare
analysis aims. Sugden concludes that economists should focus their advice on institutionally

feasible recommendations addressed to actual agents who are able to act on the proposals.

Given that the South African roads sector budget allocation is exogenously determined via
a political budgeting process, it promises little practical relevance to propose to policymakers
an optimal roads maintenance allocation as a function of a welfare optimising overall public
expenditure schedule. The road investment prioritisation model is developed conditional on
the understanding that the roads sector budget parameters are exogenously fixed through
political processes, then policymakers exercise discretion over how the available funds are
allocated among the competing road projects. This context motivates my focus on ensuring

available resources are efficiently allocated among the alternative road projects.
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1.3.1.1 Complementary research

Recognising that roads sector budget allocations are exogenously set by political budgeting
processes could motivate applying a public choice model to analyse the efficiency of this
bargaining process. Public choice theory acknowledges that public officials are motivated
partly by self-interest. Dunleavy (1991) explains that motivations in public officials’ behaviour
include a desire to select policies that advance their interests, specifically to maximise their
budgets. Growth in a departmental budget helps to insulate senior officials from change,
retain and improve human capital, facilitate economies of scale, and increase the prestige,
income, and power of its managers (Dunleavy, 1991). The distortionary effect that public
officials exert on resource allocations to and within the South African roads sector is currently

unknown, and by implication how this bargaining process affects social welfare.

Interest groups also potentially influence public resource allocations in a liberal democracy
such as South Africa. Interest groups lobby to demonstrate their preference intensities and
thereby reweight policy in their favour. Lobbying activities are a form of rent seeking as they
serve to transfer utility from one group to another, and the resources required to affect the
transfer are potentially wasted. It is unknown what influence interest groups have on the
South African roads sector budget allocation, but it may be significant as the sector draws
attention from a wide range of interest groups that satisfy either one or a combination of the
characteristics listed by Dunleavy (1991) for an effective lobby: large size, strong preference
intensity, high rate of mobilisation, and a pivotal social or political position. Amongst the main
roads sector interest groups in South Africa are the Southern African Bitumen Association?
(SABITA), South African Roads Federation (SARF), Road Freight Association (RFA), South
African Federation of Engineering Contractors, Consulting Engineers SA, and South African
Institute of Civil Engineers. If these interest groups affect resource allocations to and within
the roads sector, it is important to determine whether the lobbying activities improve social
welfare and can thus be justified on normative grounds, or whether these activities tend to

move outcomes away from the social welfare optimum.

The road investment prioritisation model developed in this thesis promotes export sectors,

which are represented by influential lobbies. There are strong reasons to suggest that it is

1 Disclaimer: SABITA provided financial and technical support for this thesis.



in the national interest to subsidise South African export sectors. For example, Section 1.3.3
identifies that South African export sectors are presently the most promising channels for
generating the economic growth on which poverty rate reduction depends. However, a
rigorous public choice model should be developed to test this hypothesis. The thesis leaves

this exercise to future research.

1.3.2 South African spatial inequalities

Spatial inequality is among the key political economy factors that must be addressed for a
national road investment prioritisation model focused on maximising economic growth to be
sustainable. Economists have analysed the high and persistent spatial inequalities in South
Africa in terms of economic activities and welfare outcomes (David et al., 2018; National
Planning Commission, 2012; Fedderke and Wollnik, 2007). Seekings and Nattrass (2005)
ascribe spatial disparities in South Africa to the legacy of racial separation under colonialism
and apartheid, uneven natural resource endowments, and differences in public services,
institutional capacity, and essential infrastructure. The apartheid development model sought
to raise labour supply by resettling Africans from productive agrarian land to less productive
native reserves, referred to as homelands, in which the apartheid state did little to promote
separate development. In conjunction with strategic considerations, tax policies, and labour-
market institutions that led to greater skill and capital-intensity in South African industries,
Seekings and Nattrass (2005) conclude that this development model resulted in the growth
of the wage labour force outstripping demand for labour while the subsistence and peasant
farming sectors were weakened as alternative income sources. This development pattern
undermined the degree to which spatial inequality might be reduced through factor mobility.
The homelands, which comprised 13.0% of the land, subsequently degenerated into poverty
whilst the apartheid state restricted urbanisation through influx controls such as the Group

Areas Act of 1950. These factors explain why the poor are concentrated in rural areas.

The National Planning Commission (2012) note that spatial disparity in economic activities
and welfare outcomes have in some respects worsened in the post-apartheid period. The
World Bank (2018a) report that 65.4% of the 19.5 million people in rural areas lived below
the poverty line of R992.0 per person per month in 2015, compared to 25.4% of the 35.9

million people in urban areas. 58.2% of poor citizens are therefore located in rural areas.



The World Bank (2018a) also find that poverty was more unequal and deeper, with more
resources needed to lift the consumption expenditure of the poor up to the poverty line, in
rural compared to urban areas. Estimates of poverty and inequality at the municipal level by
David et al. (2018) confirm that most of the former rural homeland areas are among the

poorest locations in South Africa.

Addressing this spatial inequality has featured prominently in South Africa’s development
policies since 1994. The NDP is guided by the need to respond to the entrenched spatial
patterns that exacerbate social inequality and economic inefficiency (National Planning
Commission, 2012). The NDP prioritises the need to address service backlogs in rural areas
given the constitutional obligation to guarantee absolute minimum rights, specifically access
to basic services, and commits to ensuring that rural areas are not written off as spaces with
limited economic prospects (National Planning Commission, 2012). Addressing this issue of
spatial inequality is therefore a vital component in setting the foundation for a national road

investment prioritisation model for South Africa.

1.3.3 Export promotion

Although South Africa is classified as a middle-income country, the economy features a dual
structure which Mbeki (2003) refers to as the first economy and second economy. The first
economy reflects a relatively advanced capitalist economy and is modern, produces most
of the country’s Gross Domestic Product (GDP), and is integrated within the global economy.
The second economy reflects a third world economy and is underdeveloped, contains a high
proportion of the population including the urban and rural poor, contributes little to GDP, and
is isolated from the first and global economies. The second economy is described by Mbeki
(2003) as currently “incapable of self-generated growth and development” partly because of
the low skills profile of the people in the second economy, the marginalisation of peasant
farmers due to the previously explained concentration of fertile land in the first economy and
existence of productive commercial farms, and constrained access for people in the second

economy to resources.

Policy frameworks such as the NDP thus stress the importance of ensuring a strong first

economy, which produces most output and hence income, to generate more resources to



transfer into developing the second economy (National Planning Commission, 2012; Mbeki,
2003Db). Official literature supports the policy position adopted in the NDP, 2011 New Growth
Path, rolling Industrial Policy Action Plans, and the 2018 Integrated National Export Strategy
to stimulate growth in the first economy via export promotion. Growth of the first economy is
dependent on export growth for four main reasons: the first economy produces sophisticated
goods intended for advanced economies, as demonstrated by the high proportion of exports
to developed economies and the World Bank’s (2014) finding that nonmineral and services
exports from South Africa are more sophisticated than those of peer countries (IDC, 2017);
the high-tech export sectors are the most efficient consumers of financial capital with the
World Bank (2014) finding that the ‘super-exporters’, who in 2012 accounted for more than
90.0% of South African exports, focused their investments in technologically sophisticated,
high value added products; domestic household consumption expenditure is constrained by
the magnitude of the second economy, with 40.0% of the population living below the poverty
line in 2015 (IDC, 2018; World Bank, 2018a); and government consumption expenditure is

limited by the National Treasury’s (2019) commitments to fiscal consolidation.

The road investment prioritisation model therefore prioritises road investments that promote
export activity. This specific focus means the model will remain valid until such time as South
Africa develops a sophisticated and robust internal demand base. But as this developmental
outcome is at best a long-term prospect the model can be applied with confidence despite
the relatively long life of road infrastructure. However, this focus on export promotion limits
the direct applicability of the model to other developing countries characterised by a similarly

sophisticated export sector, such as Brazil and Malaysia.

1.3.4 Focus on rural and peri-urban roads

While the cost-effectiveness analysis-based road classification system covers the full road
network, the scope of the road investment prioritisation model is confined to South Africa’s
rural and peri-urban road networks, which comprised roughly 85.0% of the total road network
in 2017. This delimitation is imposed when establishing the foundation for a national road
investment prioritisation model for three reasons. Firstly, the road sector mandate to satisfy
citizens’ right of access to constitutionally protected basic services pertains to the rural and

peri-urban road network as it is in these areas where basic service hubs tend to fall outside



prescribed access norms and standards. Although this constitutional obligation is explicit, it
has been viewed by public departments as a motherhood statement and selectively applied
or merely rhetorically affirmed. The courts have contributed to the inconsistent application
of this constitutional obligation by allowing government departments space to be practical
(Dugard, 2016; Tissington, 2011). However, Binmore (1994; 1998) demonstrates that there
is also a rigorous economic basis for giving operational weight to the constitutional clause
for provision of basic services to the least well-off members of a population. Road authorities
should first take fully seriously their constitutional obligation to provide all citizens with the
required access to basic services before focusing on issues such as maximising economic

growth or improving urban road networks.

Secondly, whereas road planners typically focus on dense urban road networks to promote
economic growth, this approach is not entirely appropriate in South Africa given that a high
proportion of the population, poverty, and export production, which was identified in Section
1.3.3 as vital to national economic growth, are located in rural and peri-urban areas. Export
goods produced in rural and peri-urban areas, which includes the high volume of resources
and agricultural goods exported from South Africa, must be transported across a relatively
long network of rural and peri-urban roads before reaching urban roads and export points.
This road network is therefore a logical starting point for analysis as these roads form both

the initial and largest component of transportation costs for many export products.

Thirdly, rural and urban road networks are complex enough to warrant separate analyses.
Both road networks cannot be adequately addressed by one thesis, especially given that
congestion is the most important factor where the economics of urban roads is concerned.
The foundation laid by this thesis for a national road investment prioritisation model sets a
context in which urban road planners can focus on efficiently prioritising South Africa’s inner-

city road networks, which predominantly fall within just 8 of South Africa’s 234 municipalities.

1.4 OVERVIEW OF THE THESIS

Chapter 2 provides the introductory information to understand the institutional arrangements
for the South African roads sector and the contribution of road infrastructure to the country’s
economy. Ownership of the 750 000 km South African road network is disaggregated among



the national, provincial, and municipal spheres of government and unproclaimed roads. This
information is primarily administrative and intended to inform readers who may be unfamiliar
with the details and management of the South African road network. However, this network
information is a useful reference for all readers as the network statistics are constantly being
updated and it contextualise much of the subsequent economic analysis. This chapter also
includes an accounting exercise to estimate the current and depreciated replacement value
of the road networks. These estimates indicate that the road network is South Africa’s single
largest public asset and that suboptimal road maintenance practices have eroded more than
half of the value of this asset. The contribution of road infrastructure to the South African
economy is further explored through analysis of statistical data on freight and passenger
demand for road transport. Given the geographical characteristics and declining rail sector
in South Africa, road transport currently accounts for approximately two-thirds of total land
freight and is expected to remain the dominant transport mode for freight and passengers
over the long term. Optimising road infrastructure investment is therefore amongst the most

critical public infrastructure objectives in South Africa.

Chapter 3 evaluates the opportunity cost of investment policy failures in the South African
roads sector with respect to the potential benefits from a more efficient investment policy.
The evaluation combines a Cobb-Douglas model of output with case studies to demonstrate
how road infrastructure investment influences economic growth via capital accumulation and
total factor productivity gains. The discussion covers the preconditions for economic growth
as public infrastructure investment is an insufficient condition for positive economic growth
and can risk crowding-out private investment. Throughout the thesis it is important to bear
in mind that economic returns from road infrastructure investments vary from relatively high
to negative. The reality that road infrastructure investments can generate negative economic
return is an important issue as the policy proposal made in the 2018 Draft Roads Policy for
South Africa is to extend the road network by proclaiming unproclaimed roads, rather than
unproclaiming unproductive roads. But if done efficiently, road infrastructure investment can
help address the structural challenges that have led the South African economy into the low-
growth middle-income trap and to achieve the economic growth targets set by the NDP.

Chapter 4 analyses the conditions under which road infrastructure investment policy is set
and implemented in South Africa. The first condition that warrants attention is the road asset
management maturity and skills profile of the road authorities. A practical motivation for a
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national road investment prioritisation model is the severe human resource constraints in
many of the provincial and municipal road departments. The second condition investigated
is the extent of the maintenance backlogs within the road networks, which are estimated for
2017 through an accounting-based exercise. The maintenance backlogs on the provincial
and municipal road networks are found to be so large as to pose a significant fiscal constraint
on these road authorities. This finding, in conjunction with the fact that the budget allocation
for the roads sector is exogenously fixed through political processes, justifies the practical
focus of this thesis on efficiently allocating the available resources amongst the alternative

road projects.

Chapter 5 assesses the capacity of the current set of road maintenance scheduling systems
to efficiently prioritise road infrastructure investment according to the official road sector
mandate to (i) satisfy citizens’ right of access to constitutionally protected basic services,
and (ii) maximally contribute to economic growth. The conclusion, which is confirmed by a
2018 survey of senior provincial road department officials, is that none of the scheduling
systems are appropriate to prioritisation. This analysis corroborates the calls by the South
African National Treasury (2018a) and National Planning Commission (2012), which were
assumed correct in the absence of adequate evidence, for a systematic road prioritisation
system that accounts for the constitutional commitment to basic rights and resolves poorly
coordinated intergovernmental planning, disconnects across municipal boundaries, and the
inconsistent management of economic growth targets. This chapter is confined to a critique
of current road maintenance scheduling systems in relation to the South African roads sector

mandate, thereby reinforcing the need for the analysis that follows.

Chapter 6 is the first of four stages of analysis that systematically respond to the challenges
identified in Chapters 4 and 5 and serves as the logical hinge point for the foundation for a
national road prioritisation model for South Africa. This first stage is to develop and test a
cost-effectiveness analysis-based road classification system that is sensitive to both the
basic access and economic growth functions provided by a road. This system defines four
road classes: Basic Access Roads; Strategic Roads; Tactical Roads; and Surplus Roads.
The prioritisation rule applied to these road classes prioritises Basic Access Roads over the
road classes that only support economic growth, namely Strategic and Tactical Roads,
based on the constitutional mandate which is supported by arguments due to Rawls and

Binmore. Two important preliminary conclusions are drawn from the analysis: most of the
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demand for access to basic services can be satisfied by roads that also support economic
growth; and authorities can maintain Basic Access Roads and still have significant fiscal
space within their current budget allocations to maintain roads that efficiently contribute to
economic growth. These findings avoid a Hobson’s choice between maintenance of roads

that provide basic access and roads that maximise economic growth.

Chapter 7 performs the first of two optimisation exercises aimed at maximising the available
budget for the maintenance of roads that maximise economic growth. Lifecycle cost analysis
is applied to determine a cost-effective surfacing policy for low-volume roads, many of which
are classified as Basic Access Roads. The analysis, which includes stress tests for the very
low shadow price of unskilled labour and common factors that affect the frequency and cost
of roadworks in South Africa, confirms that it is cost-effective to seal low-volume roads. The
policy proposal to seal all low-volume roads worth maintaining at all at a rate possible within
the exogenous fiscal constraints recommends an innovation in road surfacing convention in
South Africa that would free up resources over the long-term for the maintenance of roads
that promote economic growth. The analysis also links other potential welfare benefits with
a policy to seal low-volume roads, including significant employment opportunities, skills and
contractor development, substitution of local resources for imports, decreased rates of rural-

urban migration, and all-weather road access to basic services.

Chapter 8 performs the second optimisation exercise to maximise the contribution of road
maintenance policy to economic growth. This exercise applies a two-step floating catchment
area model, which is a special case of gravity model, to identify potentially unproductive
roads that may be cost-effectively rationalised through basic service hub relocation. Spatial
accessibility to schools, healthcare facilities, and jobs are combined in a Multivariate Road
Index, wherein the lowest priority class approximates the single-function Basic Access Road
Network. Lifecycle cost analysis is used to estimate when it is efficient to trade off the cost
to maintain single-function Basic Access Roads against the cost to relocate schools and
healthcare facilities closer to relevant communities. Relocating basic service centres closer
to isolated rural communities removes the access function served by these roads, meaning
some can be unproclaimed without compromising citizens’ basic access rights or economic
growth. The potential net savings from rationalising the rural road network can be redirected

to the maintenance of roads that maximise economic growth.
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Chapter 9 develops and tests a model of road investment prioritisation for South Africa that
exploits the remaining exogenously given roads budget allocation, following the efficient
satisfaction of basic access rights, to optimise the sector’s contribution to national economic
growth. Analysis of the components of demand for goods and services produced in South
Africa and reference to official literature confirm that export promotion is the primary variable
under policy control to promote national economic growth in South Africa. The prioritisation
objective is therefore to minimise the transportation costs imposed on the maximum volume
of export freight for a given road maintenance allocation, thereby raising the productivity and
international competitiveness of local export producers. Cost-effectiveness analysis is used
to identify the sets of roads that minimise the transportation costs between suppliers and
production and export points. While this approach cannot guarantee that a road project has
a positive Net Present Value, it ensures that roads are properly evaluated relative to one
another and given sufficient freight data that the prioritised roads support the highest volume
of export freight for a given investment. The case study application of the road investment
prioritisation model confirms that the model supports higher volumes of road maintenance
and road freight under the same budget constraint, which likely generates an efficiency
improvement although this cannot be confirmed due to the limitations associated with cost-
effectiveness analysis.
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2 THE ECONOMIC IMPORTANCE OF ROAD INFRASTRUCTURE

The South African economy is heavily reliant on road infrastructure. This dependence has
predominantly been driven by three features: the country’s geographic characteristics; the
extent of the road network; and the decline in the competitiveness of the local rail sector.
This chapter elaborates on these, and other key factors, to stress the current and long-term

importance of road infrastructure to the South African economy.

Section 2.1 explores the size and ownership of the road network, which at 750 000 km is
the 10™ longest globally (SANRAL, 2016). More impressive is the road network density,
which at 614 754 km of road per million km? of surface area is the 5" densest road network
in the world. The extensive reach and high density of the road network means that most
parts of the country are accessible via road, with multiple network connections and routes

available in regions with higher levels of economic activity.

Section 2.2 uses public-sector accounting standards to estimate the value of the road
network in terms of the current and depreciated replacement cost. The current replacement
cost of the road network is estimated at R3.3 trillion in 2018, making it the country’s single
largest public asset. Even once the deterioration in road condition is considered the network
is still valued at R1.4 trillion. The road transport asset base is therefore approximately twelve
times larger than rail, its main competitor for freight and passenger transport, which by 2017

had fallen to only R229.0 billion (National Department of Transport, 2017a).

Section 2.3 analyses the contribution of road transport to GDP and growth in South Africa.
This analysis is contextualised through reference to the country’s geographic characteristics.
60.6% of South Africa’s GDP in 2016 was generated by the inland provinces, with Gauteng
province contributing 34.3% to this total. The approximate distance of 500 km between the
industrial heartland in Gauteng province and the closest major port in Durban amplifies the
transport intensity of many goods. When this transport intensity is coupled with the notable
decline in the rail sector since the mid-1980s the result is that 61.1% of total land transport
and 85.0% of general freight in 2014 was moved by road haulage. Despite the development
of a National Rail Policy this heavy reliance on road infrastructure is forecast to persist over
at least the medium to long term given the 30-year timeframe for the planned road-to-rail
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shift of rail friendly cargo, the long life-span of road infrastructure, the high level of private
sector investment in roads-based logistics, and technological advances in road transport.

Section 2.4 lastly reviews the level of passenger demand for road transport. The volume of
road users, assessed through the number of registered vehicles, has increased by 28.2%
since 2010. This growth in vehicle population signals a strong level of household demand
that is confirmed through reference to the high proportion of citizens who use road transport

to access key points of interest.

2.1 THE SIZE AND OWNERSHIP OF THE ROAD NETWORK

The total South African road network is approximately 750 000 km. The 163 472 km of paved
roads within this total network places South Africa 18" in terms of the volume of surfaced
roads (SANRAL, 2016). Figure 2.1 analyses and compares the extent of the South African
road network in relation to surface area. With 614 754 km of road per million km? of surface
area, the density of the South African road network is comparable with developed countries
and its BRICS partners. This relatively high level of service demonstrates that South Africa

has a mature road network that resembles developed rather than developing countries.

Figure 2.1: Road network density, 2016
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Figure 2.2 maps the recorded South African road network. The Figure shows that the road
network extends across the country, supporting activity in both urban and rural regions. The
high number of connections suggests that there is a high degree of first and last mile access
along with many cross-country mobility routes. The road density is visibly higher in certain

areas, which tend to mirror the urban boundaries and regions with more economic activity.

Figure 2.2: The South African road network

Source: CSIR, 2011.

Ownership of this extensive road network is decentralised among the national, provincial,
and municipal spheres of government. There are also unproclaimed roads that are yet to be
formally classified as the responsibility of any sphere of government. Most unproclaimed
roads are in the former homeland regions and fell out of the proclaimed road network during

the transition from the apartheid era road network structures.
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The South African Local Government Association (2012) criticised the repeated and notable
discrepancies in the sub-national road ownership profiles. This trend has continued, with the
provincial and municipal road networks revised in 2016 from 184 816 km and 405 992 km
to 273 078 km and 323 057 km, respectively (National Treasury, 2011a; SANRAL, 2016).
Yet in 2017 the provincial Road Asset Management Plans (RAMPS) captured the provincial
road network at only 222 677 km. While some of the discrepancies in road ownership relate
to transfers amongst authorities, extensions of the network, and proclamations, the National
Department of Transport (NDOT) attribute most of the data discrepancies to poor provincial
and municipal reporting that in turn has led to an out-of-date national public road inventory
(Parliamentary Research Unit, 2012).

Table 2.1 presents the ownership statistics reported by the road departments and agencies.
This ensures that the data are current and that the classified roads are known to and actively
managed by the respective authorities. The ownership profiles are based on SANRAL’s
(2017) Integrated Report, the most recently available provincial RAMPs and annual reports,
and the Rural Road Asset Management Systems (RRAMS) data reported by the district
municipalities. Insufficient self-reporting by the cities required ownership data for the
metropolitan roads to be sourced from SANRAL (2016), which was cross-checked against
the statistics used by Committee of Transport Officials (COTO) (2014). The unproclaimed
road network was also last reported in 2016 by SANRAL (2016). Revisions to the ownership

of metropolitan and unproclaimed roads is therefore a possibility.

Table 2.1: Ownership of the South African road network, 2017

Authority Sealed (km) Gravel (km) Total (km) Network split
SANRAL 22197 0 22197 3.0%
Provinces 48 945 173732 222 677 29.7%
Municipalities 92 330 280 877 373 207 49.7%
Metropolitans 51 682 14 461 66 143 8.8%
District municipalities 40 648 266 416 307 064 40.9%
Unproclaimed roads Unknown Unknown 131 919 17.6%
Total 163 472 454 609 750 000 100%

Source: SANRAL, 2017; Eastern Cape Department of Roads and Public Works, 2017; Free State
Department of Police, Roads and Transport, 2017; Gauteng Department of Roads and Transport,
2017; KwaZulu-Natal Department of Transport, 2017; Mpumalanga Provincial Government, 2016;
North West Department of Public Works and Roads, 2016; Northern Cape Department of Roads
and Public Works, 2017; Roads Agency Limpopo, 2017; Western Cape Department of Transport
and Public Works, 2017; National Treasury, 2018a; National Department of Transport, 2017b.
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2.2 THE ACCOUNTING VALUE OF THE ROAD NETWORK

The most recent estimate of the accounting value of the road network was done for 2013 by
COTO (2014). Although 5-years out of date, COTO’s estimate of R2.1 trillion remains the
most commonly referenced road asset value and was used in the 2018 Draft White Paper
on Roads Policy for South Africa (National Department of Transport, 2018a). COTO (2014)
also estimated that the depreciated replacement cost of the road network was R1.2 trillion,
or 54.8% of the current replacement cost. It is important to emphasise that the current and
depreciated road network replacement costs are strictly static and reflect accounting value
rather than the economic value. The economic value assessment of the road network is

addressed in Chapter 9.

COTO’s (2014) study, however, was based on a very limited sample of road condition data
and unverified and unadjusted sub-national road construction costs. The following estimates
for the current and depreciated road network replacement costs draw on data compiled for
this thesis and used in the National Treasury’s (2018a) Road Network Cost Model. A 4-step
process aligned with the TRH 22 recommendations was followed to compile the dataset: a
first principles approach was adopted in consultation with three experienced pavement
engineers to determine competitive task rates and unit costs for the categories of road
works? on 14 road surfaces?® with varying traffic volumes?*; the task rates and unit costs were
cross-checked against the information reported in the provincial RAMPs and the tender
documents collected as part of the Provincial Roads Performance and Expenditure Review
for the National Treasury’s (2018a) Government Technical Advisory Centre (GTAC); another
cross-check of the task rates and unit costs was performed by the Southern African Bitumen
Association (SABITA) for a series of local and international conference presentations that
applied the data; and the final verification was done by the National Treasury who sent the
dataset to the provincial road departments for comment. The Road Network Cost Model was
distributed by GTAC to the provincial road departments as a tool to help engage with the

project specifications produced by consultants and to guide tender evaluations.

2 Construction; routine maintenance; periodic maintenance; minor rehabilitation; and major rehabilitation.

3 Gravel; sand seal; slurry seal; 14mm cape seal with 1 slurry; 14mm + 7mm double seal; geotextile seal; split
seal; choked seal; inverted seal; segmented block paving; 30mm hot mix asphalt (HMA); 40mm HMA; 50mm
HMA,; and ultra-thin reinforced concrete paving.

4 Low volume (AADT < 219); low-medium volume (220 < AADT < 499); medium volume (500 < AADT < 999);
medium-high volume (1000 < AADT < 2999); and high volume (AADT = 3000).
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2.2.1 The current replacement cost of the road network

The Public Finance Management Act (1999) requires national and provincial government
departments to prepare annual financial statements in accordance with the recognised
accounting practice. The Treasury Regulations set the Modified Cash Standard (MCS) as
the recognised accounting practice (National Treasury, 2017). The MCS requires immovable
capital assets, such road infrastructure, to be recorded in the asset register at their cost.
This cost reflects the amount paid to construct the asset, or where that cannot be determined

the asset’s fair value, and is not subject to readjustment for depreciation.

Municipalities and public entities, such as SANRAL, are governed by the Municipal Finance
Management Act (2003) and must comply with the Standards of Generally Recognised
Accounting Practice 17 (GRAP 17). GRAP 17 also requires that an immovable capital asset
like roads be measured at its cost, or where that information is not available its fair value.
But unlike MCS, GRAP 17 requires that infrastructure assets are carried at their cost less

any accumulated depreciation.

Momentarily setting aside the matter of depreciation, the Technical Methods for Highways
(TMH) 22 states that the current replacement cost for road assets must reflect the fair value
for what it would cost to replace a road based on the current rates (COTO, 2013). The
methodology is shown in Equation 2.1 and calculates the current replacement cost based
on the product of the quantity of the component type and its corresponding current unit rate.

Current replacement cost = Current unit rate X Quantity of component 2.1

Table 2.2 presents the road replacement unit rates used by COTO (2014), with annual
roadwork inflation applied to convert the rates from 2013 to 2018 values (Statistics South
Africa, 2018a). COTO’s unit rates are compared with revised road construction costs from
the National Treasury’s (2018a) Road Network Cost Model, which were weighted according
to the traffic volume information shown in Table 2.3 to account for differences in pavement
structures and surface types across each authority’s road network. The limitations of the
traffic data include the aggregation of district municipality paved and gravel roads and the

assumption that the metropolitan traffic profile mirrors provinces.
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Table 2.2: Current road replacement costs per km, 2018

Sealed roads Gravel roads
Authority COTO cost Revised cost COTO cost Revised cost
SANRAL R19 329 600 R19 329 600 N/A N/A
Provinces R10 178 968 R8 737 822 R1 577 982 R3 073 600
Metropolitan R5 902 840 R8 737 822 R1 577 982 R3 073 600
District Municipalities R4 427 176 R4 072 476 R1 577 982 R3 011 860
Unproclaimed roads N/A N/A R946 789 R3 000 000

Source: COTO, 2014; National Treasury, 2018a.

Table 2.3: Road traffic volumes, 2017

Low-volume Medium-volume High-volume
Authority Gravel Sealed Gravel Sealed Gravel Sealed
National N/A 0.0% N/A 0.0% N/A 100.0%
Provincial 84.0% 30.0% 8.0% 26.0% 8.0% 44.0%
Metropolitan 84.0% 30.0% 8.0% 26.0% 8.0% 44.0%
District Municipality 95.4% 95.4% 3.8% 3.8% 0.8% 0.8%
Unproclaimed 100.0% N/A 0.0% N/A 0.0% N/A

Source: Eastern Cape Department of Roads and Public Works, 2017; Free State Department of Police,
Roads and Transport, 2017; Gauteng Department of Roads and Transport, 2017; KwaZulu-Natal
Department of Transport, 2017; Mpumalanga Provincial Government, 2016; North West
Department of Public Works and Roads, 2016; Northern Cape Department of Roads and Public
Works, 2017; Western Cape Department of Transport and Public Works, 2017; National Department
of Transport, 2017b.

The most notable differences between the unit rates used by COTO (2014) and the adjusted
unit rates are the construction costs for metropolitan paved roads and gravel roads. COTO’s
unit rates to construct metropolitan paved roads equates to the construction cost for a double
seal on a medium-volume road (500 < AADT < 999) or a 30mm hot mix asphalt surface on
a low-medium volume road (220 < AADT < 499). Given the relatively high traffic volumes in
metropolitan cities these two road surfaces would be underspecified for the required level of
service and therefore underestimate the actual cost. Moreover, COTO’s unit rates for gravel
roads seemingly apply a lower design specification than prescribed for low-volume roads by
manuals - such as the Western Cape Government’s Geometric Manual (2006) - and assume
that unproclaimed roads are not engineered. While some unproclaimed roads are dirt roads
and tracks, many were properly constructed but then dropped from the formal network on
administrative, financial, and capacity grounds rather than for design reasons. The unit cost
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for unproclaimed roads is likely between the COTO and revised cost, but this determination

requires currently uncollected data on the composition of this network.

According to the unit rates in Table 2.2 and the quantity of components from the ownership
data in Table 2.1, the total and disaggregated current replacement costs of the road network
in 2018 are presented in Figure 2.3. COTQO’s (2014) unit rates set the current replacement
cost at R2.3 trillion, whereas the revised unit rates push this value upwards to R3.3 trillion.
Based on the revised unit rates the most valuable asset is the district municipality network
at R967.9 billion, followed by the provincial road network at R961.7 billion, the metropolitan
road network at R496.0 billion, and the national road network at R429.1 billion. Although
unproclaimed roads are not accounted for by any road authority, the upper-bound value of

this asset is estimated at R395.8 billion.

Figure 2.3: Current replacement cost of the road network, 2018
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There is a clear mismatch between the road and railway asset bases. Each authority’s road
network is more valuable than the entire railway network which was valued at R229.0 billion
in 2017 (National Department of Transport, 2017a). The total value of the road network is
approximately 12 times the current replacement cost of the railway network. But the primary
comparison is between the value of the railway network and the national road network as
these directly compete for cross-country freight and passenger transport. This analysis puts

the current replacement cost of the national road network at 1.89 times the railway network.
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2.2.2 The depreciated replacement cost of the road network

The MCS and GRAP 17 allow for the determination of fair values for road assets using the
depreciated replacement cost, which adjusts the current replacement cost for any wear or
consumption to reflect the remaining service life of the road. Equation 2.2 calculates the
depreciated replacement cost and is based on TMH 22 and the National Treasury’s (2008)
Local Government Capital Asset Management Guideline as neither MCS nor GRAP 17

detail how the depreciated replacement cost should be calculated.

Remaining useful life 2.2
Estimated useful life

Depreciated replacement cost = Current replacement cost X

Based on the assumption that asset life is directly proportional to asset condition, the cost
of aroad in less than perfect condition is less than the current replacement cost in proportion
to the prevailing condition of the road. This makes the current condition of the road a proxy
for the road’s remaining useful life. As per Roux et al. (2018) Equation 2.2 can therefore be

rewritten as Equation 2.3.

Depreciated replacement cost = Current replacement cost X Average Condition Index 2.3

The Average Condition Index (ACI) is a measure of the present road condition, varying from
0.0% (completely deteriorated) to 100.0% (perfect condition). This study uses the weighted
average Visual Condition Index (VCI) for all roads and is calculated in Equation 2.4 by
multiplying the percentage of the road network in each condition category by the average
VCl-value of that category (Automobile Association of South Africa, 2008). The requisite
data to calculate the ACI for the South African road network is given in Table 2.4 and was
sourced from SANRAL (2016), the provincial RAMPs, and the NDOT’s (2017b) RRAMS
database. The weighted ACI for the total proclaimed road network was 47.8 as at the end
of 2017, but when the unproclaimed road network is factored in the ACI falls to 42.5. These
are both notably lower than the weighted ACI of 54.8 applied by COTO (2014).

ACL = (kMyery poor X 17.5 + kMoo X 42.5 + kMg X 60.0 + kmgooq X 77.5 2.4
+ kMyery gooa X 92.5)/100

-22 -



Table 2.4: Visual Condition Index rating of the South African road network, 2017

Visual Condition Index

Very poor Poor Fair Good Very good
Road group (VCI < 35) (35<VCI<50) | (50€VCI<70) | (TOSVCI<85) | (855 VCI<100)
Sealed 9918 km 21 392 km 47 414 km 53 826 km 30 922 km
Gravel 146 875 km 193 387 km 70 224 km 33994 km 10 129 km
Proclaimed 156 793 km 214 780 km 117 638 km 87 820 km 41 051 km
Unproclaimed | 131 900 km 0 km 0 km 0 km 0 km
Total 288 693 km 214 780 km 117 638 km 87 820 km 41 051 km

Figure 2.4 illustrates the 2017 depreciated road network replacement cost. The depreciated
replacement cost of the road network is estimated at R958.2 million if COTQO’s unit rates are
used and at R1.4 trillion according to the revised unit rates. Both estimates are significantly
lower than their respective ideal depreciated replacement values, which were set at 70.0%
of the current replacement value as this ACI corresponds with the international benchmark
that 10.0% of roads can be in poor to very poor condition. Despite the deadweight loss from
the excessive deterioration of the road network, both sets of depreciated replacement costs

indicate that the network remains a significant asset even after depreciation is considered.

Figure 2.4: Depreciated replacement cost of the road network, 2017
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2.3 THE CONTRIBUTION OF ROAD TRANSPORT TO GDP AND GROWTH

Transportation is directly linked to a level of output, employment and income within a national
economy. Data from the South African Reserve Bank (2018) indicates that the transport,
storage, and communication sector, of which road transport is a notable component, directly
contributed 8.6% to GDP in 2017. This value refers to the resources devoted to moving and
storing goods and not to the value of the goods being moved or stored. This combined sector
has experienced consistent growth over the last 50 years and contributed 0.8% and 1.5%

to real GDP growth in 2016 and 2017, respectively.

South Africa’s geographic characteristics raise the relative transport intensity of many goods
and services. Figure 2.5 illustrates the distribution of Gross Value Added (GVA), major ports,
and metropolitan municipalities. The metropoles accounted for 39.7% of the total population
in 2016 and thus represent a major portion of local demand (Statistics South Africa, 2016).
Figure 2.6 also shows high volumes of production are inland, with Gauteng, Mpumalanga,
Limpopo, North West, and Free State provinces respectively contributing 34.6%, 7.4%,
7.2%, 6.4%, and 5.0% to GDP in 2016 (Statistics South Africa, 2016). The inland provinces
are separated by significant distances from major ports (approximately 500 km for Gauteng)

and, except for Gauteng and Free State, are also removed from the metropolitan markets.

Transport needs are additionally affected by trade and product profiles. South Africa has a
diversified demand and production profile, with a total of 4 481 import products and 4 492
export products in 2016 (World Integrated Trade Solution, 2018). This high level of diversity
implies more production and consumption points. The value of imports and exports equalled
28.4% and 29.8% of GDP in 2017, respectively, with both set to increase as a share of GDP
over the Medium-term Expenditure Framework (South African Reserve Bank, 2018; National
Treasury, 2018b). Over-and-above bulk products, imports totalled 1.1 million Twenty-foot
Equivalent Units (TEUs) and exports 1.3 million TEUs in 2014 (Havenga et al., 2016). This
combination of geographic and trade features necessitates extensive freight movement and
corridors, with total land freight in South Africa recorded at 848 million tonnes or R832 billion
in 2014 (Havenga et al., 2016).
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Figure 2.5: Geographic distribution of GVA, major ports, and metropolitan municipalities

Lowest GVA
Low GVA
Medium GVA
High GVA
Highest GVA

Metropoles

o HEEL[

Major ports

Source: CSIR, 2010; CSIR, 2011; Statistics South Africa, 2011.

Road transport accounted for 231 billion tonne-km of land freight flows in South Africa in
2014 (Havenga et al., 2016). This equates to 61.1% of the total land freight flow. If dedicated
rail and pipeline transport systems are removed, then road transport was responsible for
85.0% of all general freight in 2014. Figure 2.6 shows the typological division of general
freight transport, with roads the predominant transport means in both metropolitan and rural
areas and along transport corridors. While this intermodal freight split is perceived as being
skewed towards roads, this trend in road dominance is becoming increasingly common. For
example, road transport accounted for 76.4% of total tonne-kilometres of inland freight in
2016 for the 28 Eurozone countries with this proportion as high as 99.1% in Ireland, 98.7%
in Greece, 94.7% in Spain, and 91.5% in the United Kingdom (Eurostat, 2018).
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Figure 2.6: Typological division of general freight transport in South Africa, 2014
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Table 2.5 presents key trade details for the major national transport links carrying the largest
freight volumes. The respective volumes of road and rail freight are compared, with roads
often the dominant mode except for the corridors focused on primary resources. In line with
the GVA distribution presented in Figure 2.5, the Gauteng-based links account for 65.5% of
total road tonnes. The variety of commodities transported along the corridors demonstrates
the cross-sectoral reliance on road infrastructure. The National Development Plan (NDP)
therefore identified the strengthening and optimisation of these corridors as a key economic
priority (National Planning Commission, 2012).

Table 2.5: Total road and rail freight on major transport corridors, 2013

Million tonnes
Network section Freight commodities Road Rail
Gauteng-Durban containers, steel, cars, coal, manganese, fuels, perishables 44.0 24.0
Gauteng-Swaziland beverages, cement, coal, vehicles, grains, sugar 38.0 0.0
Cape Town-Port Elizabeth | cars, fuels, fruit, perishables, steel, tyres 37.0 0.3
Gauteng-Cape Town cars, grains, containers, perishables, cement, steel 15.0 11.0
Gauteng-Musina foods, fuels, vehicles, cement, perishables, beverages 12.0 4.5
Gauteng-Ressano Garcia | mineral ore, fruit, sugar, timber, cars, paper 8.0 7.0
Durban-Pongola containers, fuel, chemicals, timber 7.0 5.2
East London-Durban beverages, foods, fuels, vehicles 6.0 0.0
Gauteng-Tlokweng fuels, cement, containers, vehicles, food 6.0 2.0
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Winburg-Harrismith maize, livestock, perishables, steel, containers 5.8 0.0
Cape Town-Namibia fish, containers, fertilisers, cement, machinery 4.0 0.0
Thaba Nchu-Maseru containers, fuel, cement, grains, coal, foods 3.0 0.0
Gauteng-Upington foods, cement, steel, machinery, vehicles, perishables 2.1 0.7
George-Colesberg fuels, grains, perishables 1.6 0.0
East London-Bloemfontein | vehicles, steel, grains 1.2 1.6
Britstown-Nakop food, cement, steel, machinery, cars, perishables 0.2 0.7
Ermilo-Richards Bay coal, steel, timber, chrome 0.0 78.0
Sishen-Saldanha iron ore, lead 0.0 62.0
Total 190.9 | 197.0

Source: Draft National Freight Logistics Strategy Review, 2015.

Total logistics costs in South Africa amounted to R426.0 billion in 2014, which equates to
11.2% of GDP and 51.5% of transportable GDP (Havenga et al., 2016). The level of logistics
costs was steady between 2003 and 2014, ranging from 13.6% to 11.0% of GDP, which is

in line with international norms. But the contribution of transport to total logistics cost, shown
in Figure 2.7 at 57.0% in 2014, is significantly higher than the 2013 global average of 39.0%
(CSIR, 2013). Road transport comprised 83.0% of the R244 billion transport cost in 2014.

Figure 2.7: Trends in the components of logistics costs in South Africa
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The World Economic Forum’s Logistics Performance Index gives a measure of the efficiency

of international supply chains. Despite the high cost of road transport as a proportion of total
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logistics costs, South Africa still achieved an overall rank of 34 out of 163 countries in 2014.
This overall rank, however, was lowered by the quality of the transport infrastructure which
is shown in Figure 2.8 to have been ranked at 38" in 2014. The same is true for 2018, where
the quality of transport infrastructure was ranked 36" compared to an overall ranking of 33.
All things remaining the same an improvement in the quality of transport infrastructure, which

was scored in 2018 at 3.2 out of 5.0, would serve to raise the country’s logistics performance.

Figure 2.8: Quality of transport infrastructure as reported in the Logistics Performance Index
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Source: World Bank, 2018b.

Road infrastructure quality is also a central consideration in the World Economic Forum’s
Global Competitiveness Index, which assesses the competitiveness of national economies.
The significance of this road quality indicator is heightened by the relative transport intensity
of the South Africa economy and the heavy reliance on road transport. Figure 2.9 shows
that the quality of roads in South Africa was scored at 4.4 in 2017/18, with a score of 7 being
the best. This score was lower than the 5.0 scored in 2016/17 and ranked the quality of the
South African network 50 out of 137 countries. Downward revisions to the score assigned
to the quality of roads, as experienced by South Africa in 2017/18, has a negative effect on
the competitiveness of the economy.
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Figure 2.9: Quality of roads as reported in the Global Competitiveness Index
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Source: World Bank, 2017.

2.3.1 The decline of the rail sector

Rail is often the most cost-effective and therefore dominant transport mode for large, uniform
cargoes travelling long distances. But Table 2.5 contains many examples of rail appropriate
commodities that have shifted to road haulage: grains, fuels, coal, steel, cement, vehicles,
and containers. To understand this situation, it is important to firstly note that development
of road freight transport in South Africa was initially restricted by the Road Transport Act that
was introduced in the 1930s to develop the rail network (National Department of Transport,
2018a). But reconstitution of the South African Railways and Harbours as the South African
Transport Services in 1981 introduced a greater degree of commercialisation into the rail
sector (DBSA, 2012). This move was followed by deregulation of the road freight industry
through the Transport Deregulation Act of 1988 (National Department of Transport, 2018).
Then in the 1990s the road industry negotiated an increase in the allowed vehicle-carrying
capacity. This series of events, in conjunction with the development of high-speed national
and provincial roads parallel to or near railway lines, placed the road freight industry in a
strong position to compete with long-haul railway services.

The subsequent growth in road freight's market share had a significant negative effect on
the utilisation rate of rail and the profitability of branch railway lines. This in turn led to lower

investment in track infrastructure, stations, and yards and ultimately to the closure of many
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branch railway lines (Mitchell, 2014). The 2017 SAICE (2017) Infrastructure Report Card for
South Africa notes that only 3 928 km of the 7 278 km of branch lines are operational. SAICE
therefore scored the branch lines a “D-" (at risk of failure) due to the lack of provision of rail

services, inadequate maintenance, and insufficient investment in supporting infrastructure.

The 139 billion tonne-km of freight transported by rail in 2014 consisted mainly of minerals
and primary and secondary commodities for which rail has maintained its competitive
advantage over road transport (Havenga et al., 2016). Otherwise roads are the dominant
transport mode for high-value commodities, general freight, and other heavy goods. Table
2.6 outlines key factors that have contributed to the downward trend in the competitiveness

of rail freight in South Africa.

Table 2.6: Factors affecting the efficiency of freight rail in South Africa

Factor Explanation

Many rail stations closed in the 1980s and 1990s because of the expansion in
the road freight industry. Siding to siding rail transport generally requires more
Reduced accessibility than 10 wagons in a consignment (approximately 400 tonnes per consignment),
which is too large for most farmers and small businesses. This has shifted large

volumes of goods and long-distance cargo to roads.

The cost to meet railway packaging requirements is higher than road haulage.
Rail also has a double-handling cost from road to rail and back to road for
Safety and damage ] . ] o
delivery. These higher costs for rail are aggravated by the high incidences of

derailment, collisions, and criminal actions such as cable theft and vandalism.

Reliabilit The competitiveness of rail transport is negatively affected by the erratic provision
eliabili
y of empty wagons and unreliability of delivery schedules.

Travel speed and the timing of delivery is key for specific loads, such as
) containers to meet ship stack schedules and when payment is released following
Total transport time ) ) ) _
delivery. The slow speed rail transport in South Africa makes roads the preferred

mode of freight for most of these goods.

Railway tariff increases have exceeded the rate of increases for road transport.
The rates for many bulk commodities well suited to rail haulage - such as steel,
Costs, rates, and tariffs | fertiliser, cement, maize, timber, containers, and fuel - are presently comparable
to railway tariffs. This has caused many industries to shift to road transport as it

additionally offers greater flexibility.

Source: National Department of Transport, 2017a.
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The NDOT (2017a) has responded to the skewed intermodal freight split by developing the
National Rail Policy, which aims to position rail to collaborate with and compete against the
other transport modes and thereby become the national land transport backbone by 2050.
The NDOT’s intention is that the full suite of investments and institutional interventions, of
which the high-level achievements are outlined in Table 2.7, will be completed by 2050. The
objective, based on details from the 2011 Road Freight Strategy, is to shift 80.0% of large,
uniform, containerised freight back to rail, with roads remaining the preferred mode for only
time-sensitive goods requiring high levels of flexibility. But the historical monopolistic freight
rail market structure and Transnet’s inability to plan according to a competitive multi-operator
environment means that this modelled road-to-rail shift is uncertain, and the predetermined
modal split is not driven by the relative competitiveness of road and rail transport (National
Department of Transport, 2017a). Only after the standard-gauge national rail network and
third-party train operators are established will the true size of the rail market and efficient
modal split between road and rail become known.

Table 2.7: National Rail Policy timeline

Year | Achievement

2019 | National Rail Policy enacted

2021 | Accounting separation of Transnet Freight Rail Infrastructure Manager and Train Operator

2021 | Regulated third party access to the freight rail market commences

2022 | National Rail Master Plan completed

2022 | Local authorities complete planning for additional urban guided transit corridors

2024 | Construction of short lead time projects commences, followed by longer lead time projects

2025 | Devolution and assignment of urban guided transit to local authorities completed

2032 | Earliest operating commencement date for Gauteng—eThekwini high speed trains

2032 | Earliest operating commencement date for regional rapid transit trains

2032 | Earliest operating commencement date for additional urban guided transit corridors

2037 | Gauteng to Cape Town, Nelson Mandela and eThekwini standard gauge sectors completed

2049 | Latest operating commencement date for Gauteng—eThekwini high speed trains

2050 | All other rail revitalisation projects completed

Source: National Department of Transport, 2017a.

Assuming that the planned target dates in Table 2.7 are met, the transition period is still set
over a 30-year period with annual targets as low as a 2.0% shift of rail-friendly cargo from
roads back to rail. Given the extended timeframe of the National Rail Policy, the relatively
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long lifespan of road infrastructure (generally 20 years for a sealed road), and the high levels
of private sector investment in roads-based logistics it is expected that road transport will
continue to dominate freight over at least the medium to long term. The NDOT (2016) seems
to support this expectation through its forecasts in the National Transport Master Plan 2050
that demand on national and provincial road networks, which are the primary freight routes,
will still grow by 67.0% by 2030 and 150.0% by 2050.

In addition, the NDOT (2017a) alludes to several pressures on the achievement dates set in
the National Rail Policy. Firstly, it is uncertain whether parliament will timeously finalise the
legislative process and that the National Rail Master Plan will be completed within three
years thereafter. These events potentially push outwards the commencement date for both
the short and long lead time rail projects. Secondly, greenfield projects generally have a 10-
15-year project cycle, but this can be extended if the projects are associated with land
acquisition and environmental impact issues. Thirdly, the National Rail Policy devolves the
mandate to invest in rail infrastructure to the national, provincial, and local governments
according to the same criteria as other land transport infrastructure within their jurisdictions.
But a significant depth of skills and competencies must first be developed, especially within
local governments, for this strategy to be successful. Lastly, international experience shows
that national gauge-change projects take around 25 years to complete. But this timeframe
may be negatively affected in South Africa by the rate at which the state and investors can
supply the requisite funds and the capacity within the construction industry to deliver the
constituent projects. Amongst other uncertainties, these pressures entrench the long-term

importance of road infrastructure to economic growth in South Africa.

2.3.2 Improvements in road transport efficiency and competitiveness

The roads sector is simultaneously evolving as these railway developments are planned to
take place. The NDOT (2017a) highlight three technology trends that truck manufacturers
are developing to compete with rail to maintain and even grow the sector’'s market share:
Highway Pilot automates a vehicle’s steering, speed modulation, and braking; Platooning
remotely links multiple highway pilot trucks to minimise inter-truck gaps; and overhead
electric traction boosts the sector’s environmental sustainability. These autonomous truck

and smart highway technologies, amongst other developments, are predicted to significantly
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reduce road transport costs, enhance service quality, and increase road capacity. The
potential effect of these advances is to erode the relative advantage of rail’s large-scale
command and control systems and thus curtail the NDOT'’s efforts to shift large volumes of
road cargo back to rail. With such changes in mind, the NDOT (2016) forecast as part of the
National Transport Master Plan 2050 that the number of registered heavy load vehicles will
increase from 373 832 in May 2018 to over 1.0 million by 2050.

Stakeholders from the Centre for Scientific and Industrial Research (CSIR), government,
industry, and academia have been running a Smart Truck pilot project since 2004 to trial the
introduction of high productivity road freight transport. The project allows transport operators
to implement innovative heavy vehicle designs and is regulated by a Performance-Based
Standards (PBS) framework (National Department of Transport, 2017c). By 2018 the project
included 245 demonstration vehicles in 10 industries and had collected over 100 million km
of data. Amongst the observed benefits of the project are a 12.0% reduction in fuel use and
emissions, 13.0% reduction in road wear, 39.0% reduction in road crashes, and 22.0% less
truck kms travelled (National Department of Transport, 2017c). This project provides another
example of how road transport may either continue to dominate rail or alternatively remain

competitive with rail should the NDOT achieve the goals set out in the National Rail Policy.

2.4 PASSENGER DEMAND FOR ROAD TRANSPORT

There is also a significant level of passenger demand for road transport, and therefore road
infrastructure, in South Africa. Figure 2.10 indicates that the population of registered vehicles
reached 11.1 million in May 2018, 28.2% higher than in 2010 when the consolidated records
began (eNaTiS, 2010; eNaTis, 2018). Whilst the population in all vehicle classes except
motorcycles increased over this period, the growth was largely driven by an additional 1.8
million cars and 0.6 million light load vehicles. There was also notable growth in the number

of minibuses and buses, which are linked with the demand for public transport.
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Figure 2.10: The trend in registered vehicles
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Source: eNaTiS, 2010; eNaTis, 2018.

Another indication of the level of passenger demand for road infrastructure is seen through
the number of citizens who access services using road transport. Figure 2.11 uses Statistics
South Africa’s (2014) 2013 National Household Transport Survey to rank places according
to the proportion of citizens’ who rely on roads to access that service or facility. The heavy
reliance on road transport to access points of interest brought transport costs up to 15.3%

of total household consumption expenditure in 2017 (South African Reserve Bank, 2018).

Figure 2.11:Population accessing services using road transport, 2013
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2.5 CONCLUSION

Road infrastructure is South Africa’s single largest public asset. While a certain level of wear
and consumption of capital assets is acceptable, the road network has deteriorated from its
current replacement cost of R3.3 trillion to R1.4 trillion. Despite this deterioration in condition
the road network currently supports over 11.1 million vehicles and facilitates roughly two-
thirds of the total land freight flow. The road network is thus fundamental to economic growth.
This relative economic importance of road infrastructure is set to continue over the medium
to long term even if the National Rail Policy can be successfully implemented. But it is likely
that possible setbacks to the National Rail Policy in conjunction with developments in the
road transport sector will increase, or at least maintain, the competitiveness of road freight
and passenger services. A significant proportion of local and traded goods and transport

users are therefore affected by the level and standard of road infrastructure investment.
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3 THE ECONOMIC BENEFITS OF ROAD INFRASTRUCTURE
INVESTMENT

Given the relatively heavy reliance of the South African economy on road infrastructure, it is
important to understand the mechanisms through which road infrastructure investment can
support growth. The World Bank (1994) recognises that infrastructure, “if not the engine”, is
the “wheels of economic activity”. World Bank supported road projects between 1974-1982
and 1983-1992 yielded respective average economic rates of return of 20.0% and 29.0%.
These rates of return, which were the highest amongst 13 types of infrastructure, indicate
the high potential growth payoff of investment in road infrastructure. We are reminded of
Adam Smith’s (1776) words: “Good roads, canals, and navigable rivers, by diminishing the
expense of carriage, put the remote parts of the country more nearly upon a level with those
in the neighboring town. They are upon that account the greatest of all improvements”. To
help ensure that the South African road authorities are able to maximise the growth potential
of their road infrastructure investments, bearing in mind that road projects do not necessarily
generate a positive economic return, this chapter explores the direct and indirect effects of

road infrastructure on growth from theoretical, international, and local perspectives.

Section 3.1 contextualises this review within South Africa’s prevailing economic and policy
environment. The economy is currently in a tenuous situation with the National Development
Plan (NDP) expressing concern that South Africa has fallen into a low-growth middle-income
trap, where growth has stagnated at middle-income levels rather than describing a path to
a high-income country (National Planning Commission, 2012). Considering this concern and
the currently weak state of the domestic drivers of growth, the NDP has opted to pursue an
exports-led growth strategy. The government’s expectation is that increased investment
rates will initially be achieved through public spending on infrastructure that crowds in private
investment by improving efficiency in the economy and reducing costs for businesses and
individuals. Road infrastructure investment is therefore central to the NDP growth strategy
given that road transport, amongst other contributions, facilitated 61.1% of total land freight
flows and 85.0% of general freight in 2014 and 72.6% of travel to work in 2013.

Section 3.2 applies economic growth theory as the framework to assess the potential growth

contributions of road infrastructure investment. Road maintenance activities are included in
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the scope of road infrastructure investment as the effects of a road may be diminished, or
become indiscernible or negative, if the road is not appropriately maintained. Howe (2001)
demonstrates that in the extreme case of inadequate maintenance the only effects of road
investment that are likely to remain over the long-term are the dis-benefits embedded in the
original investment, for example the land lost to the right-of-way for a road that cannot be
used for other purposes. The preconditions for growth, such as the complementarities of a
road investment and the extent to which pre-existing and post-investment road infrastructure
supply matches the demand, are also addressed given that road infrastructure investment

is an insufficient condition for growth and risks crowding-out private investment.

Section 3.3 explores the direct effects of road infrastructure investment on the productivity
of private inputs and the rate of return on private capital. The potential for road infrastructure
investment to increase the marginal productivity of private inputs in South Africa and thereby
raise the perceived rate of return of private capital is linked with two variables: the transport
dependence of the associated sectors, which is shown to be relatively high; and the initial
stock of road infrastructure, which although relatively well-developed is heavily deteriorated

and hence partly responsible for inflated logistics costs.

Section 3.4 explores the following set of indirect effects of road infrastructure investment on
growth: productivity of other inputs; private capital maintenance and durability; the volume
of marketable products; public capital durability; road accidents; adjustment costs; inventory
costs; human capital formation; economies of scale and scope; agricultural output; rural
income and rural-urban migration rates; land values; utilisation and skills of underemployed
and unemployed workers; regional integration and trade; and road investment policy as a

form of industrial policy.

Section 3.5 concludes by emphasising the importance of road infrastructure investment if
South Africa is to address some of the structural challenges that have led the economy into
the low-growth middle-income trap and to achieve the growth targets set by the NDP. While
road infrastructure investment is necessary to achieve these objectives, the road investment
policy must be carefully planned as inefficient investment decisions by any of the national,

provincial, and municipal road authorities risk negative economic consequences.
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3.1 NATIONAL DEVELOPMENT OBJECTIVES

The 2018 Draft Integrated Planning Framework Bill sets the NDP as the country’s official
planning document (Department of Planning, Monitoring and Evaluation, 2018). The NDP
stresses the concern that the South African economy displays the features of a low-growth
middle-income trap, which is characterised by four features: a lack of competition; low
savings; large numbers of work seekers who cannot enter the labour market; and a poor

skills profile (National Planning Commission, 2012).

Figure 3.1 details the economic growth outcomes following the 2007 financial crisis. Annual
growth has declined since reaching 3.5% in 2010/11, with the outcomes significantly below
the 6.0% (or average of 5.0%) targeted by the NDP and below the National Treasury’s MTEF
estimates. Given annual population growth of approximately 1.5% and the fact that public
expenditure is being funded through debt, economic growth notably less than the NDP target
means that per capita wealth is falling, or at best staying constant, and the government will
struggle to cover its debt service costs which are estimated to increase from 3.4% of GDP
in 2017/18 to 3.9% of GDP in 2021/22 (National Treasury, 2018e).

Figure 3.1: Revisions to real GDP growth forecast
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Source: National Treasury, 2018e.

Moreover, unresolved domestic constraints led fixed-capital formation to decline in 2017 and
unemployment to grow to 27.7% in 2017Q3, its highest level since 2003 (National Treasury,
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2018d). Investment spending in South Africa declined from an average of nearly 30.0% of
GDP in the early 1980s to roughly 16.0% of GDP by the early 2000s, recovering slightly to
19.5% of GDP in 2016 (National Treasury, 2018d). The NDP notes that these low investment
levels have resulted in a missed generation of capital investment in transport infrastructure
(National Planning Commission, 2012). To realise a sustained impact on economic growth,
the NDP states that gross fixed-capital formation needs to reach 30.0% of GDP by 2030,

with public sector investment comprising one-third of this amount.

The NDP presents the following factors as structural barriers to higher levels of investment,
employment, and growth: too few people work; infrastructure is poorly located, inadequate
and under-maintained; the economy is too resource intensive; the quality of schooling is
poor for Black people; spatial divides hobble inclusive development; the public health system
cannot meet demand or sustain quality; public services are uneven and often of poor quality;
corruption levels are high; and society remains divided (National Planning Commission,
2012). The NDP proposes several measures, including road infrastructure investment, to

address these growth constraints through enhanced human capital and export capacity.

3.1.1 Exports-led growth strateqy

Loosely following examples set by the outward-orientated strategies adopted by the Asian
Tigers, exports-led growth is promoted by South African government policies including the
NDP, the New Growth Path, and Industrial Policy Action Plan. These planning documents
emphasise export expansion based on the following direct and indirect benefits that accrue
to exporting: exports are a component of GDP and therefore have a direct causal impact on
GDP (Little et al., 1970; Krueger, 1978); export growth extends potential demand from the
relatively small domestic market to include foreign markets and thus triggers higher levels
of production, investment, and growth (Ibarra, 2010; Weiss, 2005; Ye et al., 2010); export
growth can create economies of scale that in turn improve total factor productivity (Helpman
and Krugman, 1985; De Melo and Robinson, 1990; He and Zhang, 2008); export production
generates foreign exchange earnings to service foreign debts and to facilitate imports,
including productivity enhancing capital goods (McKinnon, 1964; Weiss, 2005; Jin, 1995);
the international competition from export exposure pressures local firms to be more efficient,
with Clarke et al. (2007) finding that South African firms that export at least 37.0% of their
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output are 22.0% to 24.0% more productive than firms that export no output (Balassa, 1978;
Krueger, 1980); interactions with foreign businesses and markets facilitates knowledge and
skills transfers (Grossman and Helpman, 1991); and exports can enhance specialisation in
local sectors with global comparative advantages, which promotes reallocation of resources

from non-tradable sectors to tradable sectors (Salvatore, 2011; Mahadevan, 2007).

There is a large body of international literature that supports an exports-led growth strategy,
including: Balassa (1978, 1985); Tyler (1981); Feder (1982); Ram (1987); Chow (1987);
Giles et al. (1992); Thornton (1996); Xu (1996); Doyle (1998); Erfani (1999); Balaguer and
Manuel (2004); Shirazi and Abdul Manap (2005); Jordaan and Eita (2007); and Saad (2012).
Studies that verify the exports-led growth hypothesis for South Africa include Rangasamy
(2009), Ziramba (2011), Cipamba Wa Cipamba (2013), and Ajmi et al. (2015).

A brief review of the domestic drivers of growth in South Africa confirms the relevance and
necessity for an exports-led growth strategy. Household spending generally accounts for
approximately 60.0% of GDP, but consumer demand has become limited by the build-up of
household debt illustrated in Figure 3.2. While household debt fell from a high of 87.8% of
household disposable income in 2008Q1 to 71.3% in 2018Q2, consumer demand for credit

is expected to remain weak until households have consolidated their debt positions.

Figure 3.2: Household debt, 1970Q2 — 2018Q2
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The National Credit Regulator (2018) reported that in 2017Q4 15.6 million consumers were
in good credit standing and 9.7 million consumers had impaired records. Total consumer
credit had grown to R1.8 trillion by 2017Q4, with unsecured credit accounting for 9.7% of
this gross debtors book. The World Bank (2018b) Global Findex Database 2017 reveals that
South African consumers are amongst the most stretched globally, with only 29.0% reporting
it would be possible to raise additional funds in the case of an emergency. This information
suggests there is little room at present for household consumption to support a meaningful

economic recovery in South Africa and sustain the 6.0% annual growth targeted by the NDP.

Moreover, government expenditure is an increasingly strained source of economic stimulus
in South Africa. Figure 3.3 shows the consistently poor performance of main budget revenue
since 2008/09 and the resultant upward pressure on gross loan debt. The National Treasury
(2010) first expressed a commitment to fiscal consolidation in the 2010 Medium-term Budget
Policy Statement (MTBPS), with this policy reinforced in subsequent Budget Reviews and
MTBPSs. This commitment is regularly monitored by the ratings agencies with concerns
expressed over the rising level of gross loan debt. Given the persistently low main budget
revenue collections, the primary mechanism through which the National Treasury intends to
consolidate gross loan debt is capped public expenditure. While the imposed expenditure
ceiling helps to protect debt sustainability and credit ratings, it limits government’s ability to

stimulate growth through public spending.

Figure 3.3: Government revenue, expenditure, and debt, 2001/02 — 2021/22
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In contrast to South Africa, which was just shown to have a relatively small domestic market
that is presently characterised by indebted consumers and fiscally constrained government,
the international economic conditions have recently improved. In fact, global growth reached
a 4-year high of 3.7% in 2017 (National Treasury, 2018e). By 2019 global growth is expected
to remain at 3.7%, with average growth of 2.1% among advanced economies, 4.7% among
developing economies, and 3.8% among Sub-Saharan African countries.

South African businesses should be enabled to exploit the export development opportunities
presented by the positive global outlook and the relatively competitive exchange rates of the
rand to grow the country’s production base. Total exports of goods and services contributed
29.3% to GDP in 2017, with the Industrial Development Corporation (IDC) (2017) noting that
the country’s export base is spread across multiple sectors (South African Reserve Bank,
2018). South Africa’s major export sectors, where exports contributed more than 45.0% of
sectoral output in 2016, include: mining; non-ferrous metal products; motor vehicles, parts
and accessories; machinery and equipment; basic iron and steel; rubber products; and
television, radio and communication equipment (Industrial Development Corporation, 2017).
Road infrastructure investment must therefore efficiently support a cross-section of export

related sectors to allow local businesses to maximise export potential.

The NDP also demands that infrastructure investment must support employment and labour-
intensive industries (National Planning Commission, 2012). The IDC (2017) estimated that
in 2016 1.2 million jobs, or 10.0% of total employment, were directly related to exports. When
linkages between export production and local input suppliers are considered this estimate
increases to 2.5 million jobs, or 21.4% of total employment. For example, exports of locally
manufactured motor vehicles, parts and accessories sustain production in multiple supplier
industries such as: machinery and equipment; fabricated metal products; rubber; plastic
products; leather products; electronics; platinum group metals; transport services; and a
range of business services. Table 3.1 disaggregates formal sector employment associated
with South African exports. The highest number of export related jobs are in the services
sector, while the radio, TV, instruments, watches, and clocks sector has the largest
proportion of export related employment at 77.4%. To realise the NDP growth targets, road
infrastructure investment must efficiently support the labour-intensive export industries with

comparative advantages and a relatively high depth and breadth of domestic linkages.
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Table 3.1: Formal sector employment associated with South Africa’s exports, 2016

Export related jobs
Sector Number of jobs % of sector employment
Agriculture, forestry and fishing 369 632 42.3%
Mining 343 945 75.2%
Food, beverages and tobacco 48 982 20.0%
Textiles, clothing and leather goods 33123 36.0%
Wood and paper; publishing and printing 46 469 34.5%
Petroleum products, chemicals, rubber and plastic 71191 45.9%
Other non-metal mineral products 14 944 26.5%
Metals, metal products, machinery and equipment 187 135 72.1%
Electrical machinery and apparatus 16 166 36.4%
Radio, TV, instruments, watches and clocks 14 237 77.4%
Transport equipment 73994 66.8%
Furniture and other manufacturing 20768 30.1%
Services sectors (including government) 1285479 13.8%
Total 2 526 065 21.4%

Source: Industrial Development Corporation, 2017.

3.2 ECONOMIC GROWTH THEORY

Given South Africa’s exports-led growth strategy and NDP targets, economic growth theory
is applied as a framework to assess the potential contributions made by road infrastructure
investment to economic growth. A similar approach has been followed by, amongst others,
Straub (2008), Agénor and Moreno-Dodson (2006), Agénor (2004), and Aghion and Howitt
(1998). The effects are represented in reduced form by the following aggregate production

function, which can be framed either in terms of quantities or quality of road infrastructure:
Q=A®6, K).f(K, L, GKI)) 3.1

where Q is real aggregate output, K is non-infrastructure capital stock, Kl is infrastructure

capital stock (which includes road infrastructure), L is aggregate hours worked by the labour

force, and A(.) a standard productivity term. Kl enters the production function f(.) through a
function G(KI).
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Following the assumption that the stock of infrastructure has pure public good attributes and
produces services in a non-rival and non-excludable way, infrastructure can be captured in
this formulation of the production function as an additional factor of production (G(KI)=KI).
But this assumption is unrealistic as some infrastructure investment is mediated through
markets and characterised as a private good, and secondly, even when private operators
are involved, factors such as price regulation mean that service charges are often not market
determined (Straub, 2008). So rather than an additional production factor, infrastructure Ki
enters the production function through the service provided by this capital (G(KD=I(KI)). I(KI)
is an intermediate input variable, which better reflects the nature of roads. An increase in Kl
would lower the cost of related intermediate inputs, such as road transport, that enter firms’
production functions. Whether an additional factor of production or an intermediate input

variable, G(KI) captures the “direct” effects of road infrastructure discussed in Section 3.3.

This formulation of the production function distinguishes between two sources of increases
in the productivity parameter A: generic efficiency-enhancing externalities represented by 6,
and efficiency-enhancing externalities from the accumulation of infrastructure capital stock
(Straub, 2008). The efficiency-enhancing externalities are referred to as the “indirect” effects

of road infrastructure, which are individually explored in Section 3.4.

This formulation of the aggregate production function makes no assumption on the nature
of returns to scale. The elasticity of infrastructure introduced as part of the f(.) function and
the strength of potential externalities determine whether road infrastructure investment will
generate diminishing, constant, or increasing returns. Sections 3.3 and 3.4 draw on a range
of international and local studies and illustrative data to explore whether road infrastructure
investment, through its direct and indirect effects on aggregate production, is likely to simply
act as a capital accumulation device or whether it has the potential to foster endogenous

growth processes in South Africa.

3.2.1 Preconditions for economic growth

Road infrastructure investment is an insufficient condition for economic growth. The growth
impact depends on the complementarities of a road investment and the extent to which pre-

existing and post-investment road infrastructure supply matches the demand. The channels
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in Equation 3.1 generally yield a positive relationship between road infrastructure investment
and economic growth, but as proven in 4 of the 64 road transport studies reviewed by Straub
(2008) it can also have a negative effect on growth. These negative growth outcomes occur
when: life-cycle road construction and maintenance costs exceed a road’s contribution to
growth; road infrastructure investment disproportionately crowds out private investment; or
insufficient road infrastructure investment increases vehicle operating costs, reduces the
life-span of public and private capital, decreases labour productivity, imposes private capital
adjustment costs, or hinders human capital development. Klevchuck and Jenkins (2004) cite
3 roads in Limpopo where a combination of low demand and few or weak complementarities
yielded a negative economic return despite a supposed connection to key economic sectors.

There are likely many more examples across the South African road network.

For a road infrastructure investment to promote rather than impede economic growth the
social return from the infrastructure investment must be greater than the opportunity cost of
the funds used to finance the investment. Based on the economic cost of borrowing from
the capital market, the opportunity cost of funds to finance a road investment are a weighted
average of: the gross of tax foregone return from the private investment that is crowded out;
the opportunity of consumption that is postponed; and the marginal cost of any funds that

are induced into the country to assist in the financing of infrastructure investment.

Accordingly, an increase in the stock of road infrastructure may adversely affect economic
growth to the extent that it crowds-out private investment. As Fedderke and Bogetic (2009)
explain, under a Barrow style endogenous growth model with a balanced budget constraint
the growth rate falls when taxes are used to fund public infrastructure (known as the tax
effect) and rises through the effect of the public infrastructure investment on the marginal
product of private capital (known as the capital productivity effect). The capital productivity
effect dominates at lower levels of public infrastructure provision, whereas the tax effect
dominates at higher levels of provision. This indicates that road infrastructure investment
can raise growth only within limits. Once the marginal product of capital has diminished to
the point where the tax effect dominates, additional road investment will harm growth.

Agénor and Moreno-Dodson (2006) further explain these crowding-out effects. If the road
infrastructure investment is paid for by borrowing on domestic financial markets, there may

be an adverse growth effect because of higher domestic interest rates or a greater incidence
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of credit rationing to the private sector. And secondly, road infrastructure investment funded
through a significant increase in public borrowing could raise fiscal sustainability concerns,
expectations of a future increase in inflation or taxation, and the risk premium embedded in
interest rates. The higher cost of borrowing and the lower expected after-tax rates of return

might cause private investors to revise their investment plans downwards.

Agénor and Moreno-Dodson (2006) note that in principle the crowding-out effects of public
investment in road infrastructure should only be short term. The increase in the stock of road
infrastructure should raise output growth over the medium to long term, which would reduce
rather than increase the government’s borrowing needs. But bearing in mind that crowding-
out effects may persist beyond the short term, Bryceson et al. (2006) note 4 preconditions
for investment in rural road infrastructure to lead to economic growth: the density of the rural
road network should not be fully saturated; there must be adequate provision of social and
economic infrastructure; rural households must own or have access to motorized transport;
and rural households must have enough money to use public transport. These preconditions
are all pertinent in South Africa given the extent of the road network and high proportion of
low-volume rural roads, the high rates of rural poverty, and the lack of comprehensive public
transport systems. Authorities should therefore guard against poor investment decisions that
either crowd out private investment or constrain growth by diverting the limited public funds

from more productive investments.

3.3 DIRECT EFFECTS OF ROADS ON ECONOMIC GROWTH

Road infrastructure affects growth through direct productivity and cost effects. If the factors
of production are gross complements, which is often the case, an improvement in the stock
of road infrastructure might raise the productivity of the other production inputs such as
labour and the stock of private capital (Agénor and Moreno-Dodson, 2006; Agénor, 2012).
This in turn reduces unit production costs and helps to address the first feature of the low-

growth middle-income trap, uncompetitive goods and services.
An increase in the marginal productivity of private sector inputs may raise the perceived rate

of return on private sector physical capital, which is an important catalyst to crowd in private

investment (Agénor and Moreno-Dodson, 2006). Referring to Hirschman'’s (1960) argument
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that savings in less developed countries depend on the investment opportunities, the direct
effects from road infrastructure investment might also ease the second feature of the low-

growth middle-income trap, low savings.

The magnitude of these direct effects is based on the transport dependence of associated
sectors. As shown in Chapter 2 road transport is a significant input in the production process
of many goods in South Africa, with almost two-thirds of land freight currently transported
by road. This high intensity of road transport is boosted by the underperformance of the ralil
sector and the trend towards specialisation of individual functions in the production process,
with many products now consisting of separate components produced at different locations.
Road infrastructure investment therefore has the potential to have a strongly positive effect

on the productivity of the other production inputs, and therefore growth.

Because of decreasing returns, another determinant of the magnitude of these direct effects
is the initial stock of road infrastructure (Agénor and Moreno-Dodson, 2006; Agénor, 2012).
The relatively high stock of road infrastructure in South Africa, which is the 10" longest road
network globally, may depress the effect of road construction projects on growth unless new
roads connect previously isolated area. Despite the extent of the network, the effects should
be strong for road maintenance given the negative impact that deteriorated road conditions
have had on transport costs, with Chapter 2 showing that transport costs in South Africa are
double the global average when measured as a proportion of total logistics costs. The NDP
acknowledges this by noting that poor transport links have raised the cost of doing business

and are hobbling trade and investment (National Planning Commission, 2012).

Many international studies show the direct productivity and cost effects of road infrastructure
investment. For example, road infrastructure investment in the Philippines reduced transport
costs for the associated commercial enterprises by 54.0% and led these enterprises to grow
by an average of 113.0% for two years following the road project (USAID, 1978). Moreover,
the improvement of National Highway No.5 in Vietnam in the early 1990s led to significant
investment in industrial zones that spurred growth and employment (Mitsui, 2004). However,
insufficient road infrastructure investment puts upward pressure on transport costs that is
detrimental to the competitiveness of goods and services and ultimately private investment.
Escribano et al. (2008) argue insufficient road networks, in addition to other infrastructure
deficits, depress firm productivity by up to 40.0% in many sub-Saharan African countries.
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3.4 INDIRECT EFFECTS OF ROADS ON ECONOMIC GROWTH

Road infrastructure also affects growth through indirect effects. When analysing the various
indirect effects care must be taken to avoid double-counting, as the value of many of these
effects have been measured in some other way. Many of the indirect benefits that arise from
road investments represent the allocation of the benefits from lower travel costs across the
project stakeholders, for example savings in vehicle operating costs and time from a road
investment are often capitalised into the market value of land. The indirect externalities that
are excluded from a traditional willingness to pay study for a road project are the affects to
public capital durability, human capital formation, agglomeration economies, the utilisation

of underemployed and unemployed workers, and rural-urban migration rates.

3.4.1 Productivity of other inputs

Independent of its direct effects on the marginal product of factor inputs in the production
process, road infrastructure investment may also have an indirect impact on total factor
productivity (TFP). This impact is brought about by the efficiency with which the factors of
production combine to generate growth in output. The NDP suggests that if the targeted
private investment rates are not achieved, higher growth might still be sustained if there is

a significant rise in capital and labour productivity (National Planning Commission, 2012).

Fedderke and Bogetic (2009) applied an endogenous growth model to assess the impact of
19 infrastructure measures on TFP in South Africa from 1970 to 1993. The total road network
had a strongly positive and statistically significant impact on TFP, with a 1.0% increase in
the road network associated with a 2.8 percentage point increase in productivity growth. The
impact of paved roads on TFP was stronger with a 1.0% increase in the paved road network
yielding a 4.9 percentage point increase in the manufacturing sector’s productivity growth.
These impacts must be considered in relation to the extent of South Africa’s road network,
where a 1.0% increase is associated on the margin with 7 500 km of road. But between
2008 and 2012 the provincial and municipal authorities respectively built only 90 km and
1 477 km of new roads (CSIR, 2013). The evolution of the road network since 1993, which
has grown with urban expansion and local economic development objectives, may have a

bearing on this estimated impact of road infrastructure investment on TFP.
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Ferreira (1999), Agénor (2012), and Agénor and Neanidis (2014) argue that better access
to roads means that workers can get to work more easily. Reduced commute time to work
or across work locations tends to reduce traffic-related stress that harms labour productivity.
In addition, the United Kingdom Department for Transport (2005) reference three sources
of increased output from reduced commuting time: increased participation in the workforce;
moving to a more productive higher paid job; and longer working hours. While there is strong
evidence in support of increased labour participation and mobility, Abelson (2010) argues

that there is insufficient evidence that a shorter commute promotes longer working hours.

Many South Africans, but mostly poorer citizens, live far from places of work because of the
legacy of apartheid spatial patterns. In this context, the travel time on a very poor condition
road can be 4 times longer than a good condition road (Committee of Transport Officials,
2014). Statistics South Africa’s (2014) National Household Travel Survey indicates that 2.9
million workers walked and 3.9 million drove to work in 2013. The mean travel time to work
was 34 minutes for those walking, 38 minutes by car, 50 minutes by taxi, and 74 minutes by
bus, bearing in mind that 19.2% of those who travelled by vehicle were delayed by switches
in transport mode. But 8.8%, 53.2%, 26.0%, and 14.9% of people who respectively travelled
to work by foot, bus, taxi, and car spent more than an hour doing so each day.

This issue of spatial divides is compounded by the high rates of urban congestion, which
COTO (2014) attribute to insufficient road capacity along with inefficient public transport and
capacity management. The 2013 TomTom Traffic Index reveals that peak period travel times
were extended by an average of 21.0% across Johannesburg, Cape Town, East London,

Pretoria, Durban and Bloemfontein (Committee of Transport Officials, 2014).

Given these transport conditions, research confirms that road infrastructure investment has
had a positive effect on labour productivity in South Africa. The most noteworthy study was
conducted by Fedderke and Bogetic (2009), who estimated elasticities of 2.95 for the total
road network and 1.08 for paved roads. The NDP therefore calls for investment in transport
infrastructure to support public transport routes and link the major concentrations of urban

labour into mainstream city life (National Planning Commission, 2012).
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3.4.2 Private capital maintenance and durability

The correlation between road condition and the vibrations experienced by vehicles travelling
on the road means that better road conditions are typically associated with a longer duration
of relevant private capital and savings in vehicle operating costs (VOC) (Straub, 2008). For
example, Gyamfi and Guillermo (1996) studied the effect of deferred road maintenance on
VOC in Latin America and the Caribbean and found that each dollar not spent by authorities
on road maintenance resulted in an average increase of $3.0 in VOC through poorer road
conditions. These effects impact logistics costs and influence real aggregate output through
the global competitiveness of local goods.

Figure 3.4 shows the relationship between VOC and the International Roughness Index (IRI)
on a flat road. The relationships are similar for rolling and mountainous terrain, except the
VOC are higher than for flat roads. Figure 3.5 depicts the same information in terms of the
percentage increase in VOC for every 1-point increase in the IRI. The increases in VOC are
highest between an IRI of 3 and 6, which reflects a shift from good to fair road condition.
Increases in VOC slow between an IRI of 6 and 8, which correlates with a shift from fair to
poor road condition, before tapering once a road is in very poor condition. The quality and
required maintenance of the private capital stock thus depends heavily on road conditions,

with good road conditions freeing private funds for investment in productive alternatives.

Figure 3.4: Vehicle operating costs on a flat road
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Figure 3.5: Relative increase in vehicle operating costs on a flat road

9 Light vehicle - Paved Light vehicle - Gravel
—Taxi - Paved = = = Taxi- Gravel
N Bus - Paved = = == Bus - Gravel
Heavy vehicle - Paved = = = Heavy vehicle - Gravel

Increase in rands per vehicle/km (%)
N w £ w (@] ~ co

1 3 5 7 9 11 13 15 17 19 21 23 26 21 29
IRI

Source: Western Cape Department of Transport and Public Works, 2018a.

The CSIR’s (2009) 6™ Annual State of Logistics Survey for South Africa presented a South
African case study of the effects of road condition on vehicle maintenance and repair costs.
This study reported a 121.0% increase in average maintenance and repair costs for trucks
when road conditions fell from good to very poor, which in turn raised total company logistic
costs by 10.0%.

While fuel consumption differs according to several factors, including topography and the
weight and speed of a vehicle, a simple comparative study of truck traffic on South African
highways found fuel consumption to be 15.0% higher on roads in poor versus good condition
(Van Der Walt, 2011). Chatti and Zaabar (2012) found a similar result, with a 1-point increase
in the IRI increasing the fuel consumption of heavy trucks by approximately 1.0% at 96 km/h
and 2.0% at 56km/h. These results are corroborated by international studies, for example
the World Bank (1999a) estimated that in Vietnam reducing a road’s roughness from an IRI
of 14 to 6 and 3 would respectively save between 12.0% to 22.0% and 17.0% to 33.0% in
VOC. In terms of the relationship between road condition and tyre wear, Chatti and Zaabar
(2012) estimate that at 88 km/h the tyre wear of heavy trucks is approximately 1.0% higher

for every 1-point increase in the IRI.

Nordengen (2004) used standardised VOC data to estimate that actual road conditions in
South Africa, which have since deteriorated further, inflated VOC for heavy vehicles by an
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average of 12.8% compared to an ideally maintained version of the network in which 60.0%
of roads are in a good and very good condition. When this finding is applied to the 2014
national logistics data, in which road transport accounts for 83.0% of the R244.0 billion total
transport costs, it suggests that suboptimal road investment inflated the annual cost of road
freight by R25.9 billion (Havenga et al., 2016). The implications of this finding are profoundly
negative for domestic consumers as well as the competitiveness of South African exports.

3.4.3 Volume of marketable products

Straub (2008) also links a road’s roughness with the volume of damaged freight. Increased
vehicle vibrations from deteriorated road conditions lead to freight damages during transport
(Committee of Transport Officials, 2014). Van Der Merwe (2011) found that in South Africa
poor road conditions led to a 1.0% to 2.0% increase in the volume of damaged cargo. When
this impact is assessed in relation to the R508.4 billion in transportable GDP moved by road
in 2014, the road network deterioration could incur annual freight damage costs between
R5.1 billion and R10.2 billion (Havenga et al., 2016). However, this estimate is only indicative
as there are insufficient data to determine whether the share of freight volume corresponds
with the share of freight value. But what it does suggest is that inadequate road infrastructure
investment potentially inflicts a sizeable output loss on producers and the economy.

3.4.4 Public capital durability

Agénor (2012), Devarajan et al. (1996), Rioja (2003), and the World Bank (1994) suggest
that maintenance must be considered to fully understand the effects of road infrastructure
on growth. Beyond South Africa, there are many examples where new road investment has
been prioritised over road maintenance. At the same time as Brazil constructed 6 000 km of
paved road between 1979 and 1984, 6 000 km and 2 000 km of road deteriorated from fair
and good condition to poor condition, respectively (Harral, 1988). Following the upgrade of
the 3 000 km north-to-south highway in Chile to paved standard in the 1960s, nearly half of
this highway had collapsed by the 1970s due to inadequate maintenance (Rioja, 2003).

Insufficient road maintenance can shorten the occurrence of road rehabilitation from 15to0 5

years. A 3- to 5-year and 5- to 8-year delay in road maintenance typically reduce roads from
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a good condition to a poor and very poor condition, respectively (COTO, 2014). SANRAL
(2016) and COTO (2014) demonstrate that in South Africa the cost to repair roads that have
deteriorated to a poor and very poor condition are respectively 6 and 18 times higher than
the cost to keep a road in good condition through preventative maintenance. Because there
are no visible signs of road distress at the preventative maintenance phase it might not seem
that this is the most efficient use of limited sources, but authorities must continue to prioritise

road maintenance expenditure to avoid wasting resources on repeated road rehabilitation.

Because deteriorated roads have higher VOC and cost significantly more to rehabilitate than
the cost of a well-designed preventative road maintenance regime, Devarajan et al. (1996)
argue that an initially high public infrastructure stock, such as South Africa’s road network,
implies that at the margin an extra unit of maintenance expenditure may be more productive
than investment in new roads. Rioja (2003) developed a dynamic general equilibrium model
to evaluate the trade-offs of redistributions of funds between infrastructure construction and
maintenance for 7 Latin American countries. Without further donor aid, reallocations from

infrastructure construction to maintenance expenditure had positive effects on GDP.

Kalaitzidakis and Kalyvitis (2004) extended Rioja’s (2003) study by using an infrastructure-
led two sector endogenous growth model to theoretically investigate the macroeconomic
impact of maintenance in the context of: the trade-off between infrastructure maintenance
and new investment when both are financed domestically; and the implications of optimal
maintenance policies for public capital formation on growth. Two conventional assumptions
were made: the stock of capital affects output rather than its flow; and the depreciation and
accumulation rate of public capital are determined by public spending on maintenance. Their
model shows that the equilibrium private to public capital ratio falls as the economy suffers
a waste of private capital due to misallocation towards new investment over maintenance.
When a shortage of public capital is eliminated by increased allocation to maintenance, the
subsequent accumulation of public infrastructure raises the shadow price of private capital
and the economy reaches a higher steady-state growth rate. Moreover, this impact of
maintenance expenditure on the steady-state growth rate increases total public spending

through an elevat