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Abstract
Extreme flood events have been found to occur in the Eastern Cape Province of South Africa.

The southern and south-eastern coastal regions are particularly susceptible to floods with daily
rainfall records of up to 490 mm having been recorded here. In order to gain a better
understanding of these floods, historical floods in the southern parts of the Eastern Cape have
been analysed in this study. This study aimed to investigate the most extreme flood events in
the history of the area and to analyse the surface observational data during the heavy rainfall
events found, to contribute to the understanding of these heavy rainfall events. Seven case
studies were investigated using NCEP/NCAR Reanalysis 1 data and surface observational data,
to analysis the synoptic circulation and surface data tendencies during heavy rainfall events. All
of the case studies that had synoptic data available showed to have a COL system present with
the upper air low lying westward of the flood area. The surface synoptic situation presented an
intense high pressure system lying south west or south of the country in the Atlantic Ocean
between 35-45°S. Another key factor was a surface trough over the interior of the country, due
to the COL, extending southwards to protrude off of the south or south eastern coastline east of
the flood areas. The combination of these three systems colloquially referred to as a “Black
South-Easter”, produced dangerous rainfall intensities when the winds were perpendicular to

the coast.

The results of the surface observations revealed temperatures increasing at night (against
diurnal cycles) with increasing relative humidity preceding the heavy rainfall events. The
pressure showed both increasing and decreasing trends during heavy rainfall events however in
five of six cases a tight pressure gradient was present producing an influx of moist air into the
flood area. Onshore winds were found to be of high importance in heavy rainfall events to bring
moist air into the area. Wind speeds greater than 5m/s occurred during times of high rainfall

intensities.
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Chapter 1 General Introduction

1.1. Introduction

This chapter seeks to provide an introduction to the study of extreme floods in the southern
parts of the Eastern Cape. The aim of the study will then be followed by the objectives and

research questions and an outline of the study.

1.2. Overview of the study area

South Africa is located on the southern tip of Africa with a northern latitude of 22°S and a
southern extreme of approximately 35°S. The country consists of nine provinces (Figure
1.1). The selected study area is within the Eastern Cape Province which is located in the
south-eastern part of the country with the south-west Indian Ocean meeting the coastline.
The Eastern Cape Province has the warm Agulhas Current running along the coastline
(Figure 1.2). The Eastern Cape shares its border with the Northern Cape and Western Cape
provinces in the west, the Free State province and Lesotho in the north and the Kwa-Zulu
Natal province in the east. It has a total surface area of 168 966 km? and is the second-
largest province in South Africa (Anon., 2016).

The Eastern Cape is the countries’ third most populated province and contributed 8% to the
GDP of South Africa in 2014/2015 (Makgetla, 2016). The province has two major
metropolitan areas, namely the Nelson Mandela Bay Metropolitan (NMBM) and the Buffalo
City Metropolitan. The city of Port Elizabeth, together with its port, lies within the Nelson
Mandela Bay Metropolitan. The NMBM also has a second port called the Port of Ngqura.
The city of East London lies within the Buffalo City Metropolitan and also has a port.

The Eastern Cape has the largest population of livestock in the country with specialties such
as Mohair from the Karoo area (Young, 2013). Pineapples, chicory and dairy farms dominate
the south-eastern parts of the province in the Alexandria- Grahamstown area (Republic of
South Africa, 2014).

The study area falls within the south-eastern region of the Eastern Cape but will be more
precisely defined in Chapter 3.
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1.3. Motivation and Aim

The Eastern Cape has in the past experienced extreme rainfall events, notably in Port
Elizabeth in September 1968, East London in 1970 and more recently in 2002 (Hayward and
van den Berg, 1968, 1970; Singleton & Reason, 2006, 2007a). The Port Elizabeth flood in
September 1968 resulted in flooding that caused people to flee to rooftops as the waters
rose to the window height of some houses due to intense rainfall of over 400 mm within four
hours, which poured out over the city. (Hayward and van den Berg, 1968). Cars were
washed into the sea and the airport was closed due to water on the runway (Hayward and
van den Berg, 1968). Nine people lost their lives during the 1968 flood event (eight from
drowning) (Hayward and van den Berg, 1968), while seven people lost their lives in the East
London August 1970 event (Hayward and van den Berg, 1970). The 1970 East London
event resulted in damage to roads and infrastructure as well as disruptions in communication
as almost double the rainfall accumulation of the Port Elizabeth 1968 event fell over five
days. The extreme rainfall event in East London 2002 produced over 300 mm of rain in
twenty-four hours with a peak intensity of around 85 mm/h which resulted in the closure of
the city’s harbour (Singleton & Reason, 2006).

Extreme rainfall events within the Eastern Cape are attributed to cut-off lows, especially
along the south and south-eastern coastal regions (Taljaard, 1985; Molekwa et al., 2014;
Engelbrecht et al., 2015). Many studies have been conducted on synoptic circulation and the
contribution to heavy rainfall in South Africa (Hart et al., 2010; Molekwa et al., 2014;
Engelbrecht et al., 2015; Engelbrecht and Landman, 2016). Molekwa et al. (2014) suggested
that the amount of rainfall induced by a COL relies on the low-level processes and
circulation. If these processes could be better understood then the distribution and amount of
rainfall induced by a COL could potentially be better forecast. Meso-scale circulation
systems also exist together with the synoptic circulation, due to the interaction of the
mountainous terrain inland from the coastal areas and the moist air from the Agulhas current
flowing into the Cape south coast (Engelbrecht et al., 2015). Sea surface temperatures and
local topography have been found to enhance rainfall amounts along the south and south
east coast of the Eastern Cape (Singleton & Reason, 2006; Molekwa et al., 2014). From this,
an analysis of the surface observational data could result in a better understanding of the

low-level circulations and processes involved in contributing to heavy rainfall events

Therefore, the aim of this study is to investigate extreme flood events in the southern parts of
the Eastern Cape, particularly along the south and south-east coast and adjacent interior,

and to analyse the surface observational data associated with these heavy rainfall events.



1.4. Objectives and Research Questions

Objective 1: To research and identify extreme historical flood events within the study area.
Research question: Which historical events were the most severe in the study area?
Objective 2: Conduct an analysis of surface observational data from heavy rainfall events.

Research question: What does the surface observational data reveal in contributing to the

heavy rainfall events?

Each objective and research question, together with the data required and the methods

used, is highlighted below in Table 1.1.

Table 1.1: Research Matrix

Objectives Research Data Data Method
Question/s Required Acquisition
Tools
To research Which Rainfall data, Rainfall data Data analysis
and identify historical event reports retrieval from in Excel,
extreme events were from disaster SAWS, visits research of
historical flood the most management to DM events and
events within severe in the (DM), centres, obtaining of
the study area. study area? newspaper Caelum. NCEP/NCAR
articles and NCEP/NCAR Reanalysis 1
NCEP/NCAR Reanalysis 1 data.
Reanalysis 1 data.
data.
Conduct an What does Surface SAWS Rainfall data
analysis of the surface observational library and in Excel
surface observational data from climate data format and
observational data reveal SAWS. information. analysis of
data from in surface
heavy rainfall contributing observational
events. to the heavy data
rainfall
events?




1.5. Research Outline

Chapter one is the general introduction which presents the study and the aims of the study.
The chapter then moves on to present the objectives and research questions as well as the

data acquisition tools and the methods used in the study.

A literature review in chapter 2 elaborates on the importance of floods and their effects on
daily living as well as the types of floods and the weather systems that produce floods. A

brief look into the roles of disaster management is given as well as a methodology review.

Chapter three provides details on the study area. There were particular factors that
influenced the choice of the study area and these are considered in this chapter. The study
area climate, river systems and topography are also reviewed, which provide a clear idea of

the environment in which the floods may occur.

Chapter four identifies the methods used to meet the objectives and answer the research
guestions. It details the acquisition of rainfall data and quality control methods used as well
as the types of meteorological parameter data collected for the study.

Chapter five explores the results of the rainfall analysis from which a meteorological analysis

was done on certain case studies that showed to be the most severe flood events.

Chapter six probes the possible shortfalls of the study and draws conclusions that meet the
aim and objectives given in Chapter 1. Lastly, some recommendations for future studies are

provided.



Chapter 2 Literature Review

2.1. Introduction

The scope of this study is on areas within the southern parts of the Eastern Cape that are
highly susceptible to flooding. This literature review will provide an outline of the definitions
of floods, the weather systems that cause flooding in South Africa and how the key role
players in disaster management approach these disasters, specifically with regards to

disaster risk reduction. A review of methods used to identify flood risk areas is also included.

2.2. Defining floods and risk

2.2.1. Floods
Alexander (2000) defines a flood as the discharge of water that results in damage or

that which overtops the river banks. A peak in discharge and then return to normal

base flow or no flow is considered a flood (Alexander, 2000).

Cuny (1991) classifies 4 basic types of flooding: flash floods, standing floods, coastal
flooding from storm surge and riverine floods. Below are some of Cuny’s

descriptions:

e Flash floods result from thunderstorms producing rainfall that accumulates
very quickly which runs off over steep terrain or in mountainous areas. The
waters run rapidly down narrow zones such as gullies, arroyos or wadis until
they reach wider areas or streams where the flood waters can slow down as it
spreads out.

e Standing floods are produced by rainfall that cannot be drained sufficiently or
quickly enough due to poor drainage systems in urban areas, high runoff
rates or poor absorption due to saturated soils.

o Coastal floods occur as a result of intense weather systems that cause storm
surges. Tropical cyclones or deep low pressure systems are typical weather
systems that produce storm surges along the coast.

o A riverine flood is the overflow of a river streambed when rainfall occurs in

that river’s particular watershed. This type of flooding is associated with heavy



rainfall in the watershed. Riverine flooding can be worsened when the river
reaches the ocean as the oceans’ tides can reduce the exit of water from the
river into the ocean. During high tides, water can even be pushed back up
along the river, which could cause further flooding over the wide, flat
floodplains. Due to the extent of floodplains, which can be kilometres wide,
flooding can be widespread and continue even when rainfall occurs far into

the drainage basin.

The study area is susceptible to all the above types of flooding. Coastal flooding
would, however, not be caused due to a tropical cyclone in the study area but rather
by extra-tropical and mid-latitude weather systems such as cold fronts and deep

surface lows associated with cut-off lows.

2.2.2. Hazard, Vulnerability and Risk
Pyle (2006) mentions that the standardisation of key terms in the hazard field has

been problematic due to various fields of knowledge contributing to the definition of
the key terms.

The standardisation of these terms is taken from Pyle (2006). In order to define risk,
one must first define hazard and vulnerability as risk is depende