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Abstract
Sea-level rise is one of the consequences of global warming that has the potential to affect the infrastructure of coastal
urban areas. In this context, it is important to perform vulnerability assessments in order to understand how this infrastructure may be at risk, and, if necessary, adapt and maintain functionality of infrastructure systems. This study investigates
the vulnerability of the wastewater collection and disposal infrastructure (i.e. pipelines and manholes, pumping stations and
wastewater treatment plants) to sea-level rise in eThekwini Municipality, South Africa. By using geographical information
systems (GIS) and a multi-criteria analysis considering elevation, operational capacity and connectivity, a scale of vulnerability was established and the most vulnerable infrastructural elements were identified in the municipality. These should
be prioritised for detailed monitoring and adaptive interventions in order to maintain the functionality of the wastewater
system as sea level is predicted to rise. As such this study presents a model of how vulnerability of wastewater systems can
be evaluated in coastal cities.
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Introduction
Changing climates are one of the most important environmental challenges of our times, and one of the most important
impacts is an increase in globally-averaged sea level (IPCC,
2007). Sea-level rise is caused by thermal expansion and
melting of polar ice caps due to temperature increases, thus
adding to the existing volume of water in the oceans (IPCC,
2007). Unlike other impacts expected from global warming,
sea level rise is predicted to occur over time and can be modelled to varying degrees of accuracy. While there is a high
level of scientific certainty that sea level rise will occur, the
timing is highly uncertain. It is expected to have potential to
affect coastal infrastructure, and it is, therefore, necessary to
assess and predict the degree to which this damage may extend
at local level. This paper investigates the effects of a potential
scenario of sea level rise on the urban wastewater system of
a coastal city in South Africa, and should be seen in a wider
context where local, case-specific studies are used as a first step
towards adaptation to climate change. There is a recognised
need for such studies, and the World Bank (2010) has initiated
a dialogue between the different water utilities from different
countries, because it considers that utilities are gradually developing strategies for adaptation but that ‘much of this knowledge remains poorly documented and is largely unavailable’
(Danilenko et al., 2010 p. 33). It is also recognised that ‘rising
sea-water levels and inland flooding will cause land inundation and blockages in natural drainage structures’ and that
‘these effects will be even more difficult to manage for those
water utilities that are unprepared and/or financially weak’
(Danilenko et al., 2010 p. 1). This is particularly relevant for

developing countries such as South Africa, and for their coastal
cities. One such city is the eThekwini Municipality.
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The eThekwini Municipal Area (EMA) is situated on the
eastern coast of South Africa, within the province of KwaZuluNatal. The core city of this municipality is Durban, which
has the largest port in the country and the subcontinent. The
municipality has a population of approximately 3.6 million
people and covers an area of 2 297 km 2, with a coastline of 98
km along the Indian Ocean. It also contains 18 catchments, 17
estuaries and 4 000 km of rivers (EWSU, 2011). The municipality is led by a municipal manager under which the water
and sanitation unit functions. This unit is in charge of water
services within the EMA, including wastewater collection and
treatment. To perform this function it operates 287 pumping
stations and 27 wastewater treatment plants. The total length
of the wastewater pipeline network is around 8 790 km and
there are more than 407 500 sewer connections (EWSU, 2004).
Figure 1 shows the waterworks and the trunks (major pipelines)
of this network in the context of the eThekwini Municipality.
eThekwini Municipality follows South Africa’s free basic
water services policy and provides the first 9 000 ℓ of water
per month free of charge for each household, and no sewage/
wastewater levy is charged. Above this free service the sewage disposal tariffs increase with the volume of water used
(i.e. based on meter readings for potable water and percentages assumed to become sewage for each volumetric usage
category – see EWSU, 2010). Although the EMA undertakes
sustained efforts to provide water services to all citizens, there
is currently (2011) a backlog of 54 292 dwellings requiring
potable water supply and 205 947 dwellings requiring sanitation services (EWSU, 2011). This backlog has been reduced
significantly since the year 2000, when the EMA extended
its boundaries, incorporating many previously disadvantaged
areas (formal townships and informal settlements) segregated
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