
1 



ii 

DECLARATION 

By submitting this thesis electronically to the University of Stellenbosch, I declare that the 

work in this thesis is original and can thus be reproduced by the University of Stellenbosch. 

I state that the written content in this thesis is my own, unless stated explicitly otherwise. 

I have not previously submitted any part of it to obtain any qualification. 

Signed by: C. van der Merwe 

Date:  March 2017 

Copyright © 2017 Stellenbosch University 

All rights reserved 

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



iii 

 

EXECUTIVE SUMMARY 

The purpose of this thesis was to evaluate the relationships between the coastal geophysical 

characteristics of the coastal regions of South Africa and to provide an overall, systematic 

characterization of the features of the South African coast and the physical coastal 

processes affecting them. Geophysical parameters include grain size/characteristics of 

beach sediment, beach width, surf zone width, beach slope, beach exposure, beach 

orientation and beach morphodynamic type. Physical coastal drivers include waves, wind, 

current and tides. The focus of the research was on the nearshore characteristics of sandy 

beaches on the West, South-West, South and East Coasts of South Africa. Study locations 

were selected to represent the coastal regions of South Africa, namely Saldanha Bay, 

Jakkalsfontein, Table Bay, False Bay, Mossel Bay, Algoa Bay, East London, the  

KwaZulu-Natal south coast and Richards Bay. 

Nearshore waves in particular, affect the shoreline in various ways. The mean significant 

nearshore wave conditions at -15 m to MSL were determined by converting wave data at  

-15 m to MSL for a return period of one year. The mean nearshore significant wave height at 

-15 m to MSL was converted to an equivalent mean deep-sea significant wave height by 

applying ‘reverse shoaling’ (dividing by the shoaling coefficient). It should be kept in mind 

that waves refract and diffract as they enter a bay, whereas on open linear coastlines,  

high-energy waves reach the shoreline. The deep-sea wave conditions are therefore not 

representative of the conditions in the nearshore of the bays. Two methods were used to 

derive the breaker wave heights at each of the sites along the nine South African study 

locations. It can be concluded from the calculated breaker heights that the linear exposed 

coastlines are clearly subject to more severe wave conditions than the calmer conditions 

found along the coastlines in the bays. The distribution of the average nearshore significant 

wave heights along the South African coast indicates that of the selected study locations, 

Jakkalsfontein has the most energetic coastline and Saldanha Bay (according to breaker 

heights) and Table Bay have the least energetic coastlines. The wave heights at Mossel Bay, 

Algoa Bay and along the KwaZulu-Natal coast were found to be similar to each other. It can 

be concluded that the wave climate along the South African coast is swell dominated due to 

the generally long wave periods. The tidal range along the South African coast does not vary 

much (SANHO, 2012) and can differ from about 2 m during spring tide to about 0.5 m during 

neap tide.  

Sand grains were classified according to the Wentworth scale (Wentworth, 1922). Overall, it 

was found that the study areas along the South African coast have predominantly  
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medium-grained sand. The coarsest sand was found at Saldanha Bay (0.68 mm) and the 

finest at Orient Beach in East London (0.21 mm), which also has the mildest beach slope 

(0.024). The steepest beach slope occurs at Richards Bay (0.195). The Iribarren number was 

calculated to determine the beach type of each study location according to Battjes (1974) 

and Short (1999). The majority of study areas are classified as dissipative. Some beaches at 

Richards Bay have steeper slopes, hence are classified as reflective. In general, South 

African beaches are predominantly intermediate, followed by dissipative beach types. 

Reflective beaches in South Africa occur mostly along the KZN coast. 

According to the criteria for beach exposure by Theron et al. (2010), Jakkalsfontein, the 

KwaZulu-Natal south coast and Richards Bay have the most exposed beaches as they are 

linear and open coastlines. It was found that Saldanha Bay has the most protected beaches 

as it is bounded by headlands and breakwaters occur in the bay.  

Regression analyses and correlation graphs of the coastal geophysical parameters and wave 

height data generally did not show clear trends. Therefore, the data points of all the study 

locations along the South African coast were compared to existing correlations of  

Komar (1976) based on various coasts of America, which showed the low and high-energy 

boundaries for beaches. Wiegel (1964) and Komar (1976) state that beaches exposed to 

high-energy waves tend to have larger grain sizes than beaches exposed to low-energy 

waves and that beach slope increases with grain size and decreases with increasing wave 

energy. Overall, the South African study areas with smaller (thus finer) grains were plotted 

close to the low-energy boundary, and the South African study areas with larger (thus 

coarser) grains were plotted close to the high-energy boundary, which is in accordance with 

Wiegel (1964) and Komar (1976). The majority of the data points were plotted close to the 

low-energy boundary.  

The measured beach slopes at all the South African study locations were compared to the 

numerical formulations for predicting slopes of Sunamura (1984), Wiegel (1964) and  

Swart (1986). Overall, a good similarity was observed. It was concluded that the beach slope 

tends to decrease with an increase in the value of the dimensionless parameter, H / gd T, 

of Sunamura (1984); and increase as the breaker wave height decreases and the median 

grain size increases. 

Reis and Gama (2009) and Coelho et al. (2009) concluded for the Portuguese Atlantic coast 

that for the same wave height, the equilibrium beach face slope increases with sand grain 

size and decreases with increasing wave height, therefore becoming more dissipative. From 

the South African data covered in this thesis, the data points at Table Bay showed the 
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clearest correlation between beach face slope and median grain size. A trend of increasing 

beach slope with increasing grain size was observed for Table Bay, thus in accordance with 

Reis and Gama (2009).  

The five coastal regions of South Africa, namely the west coast, south-west coast, south 

coast, east coast and the north-east coast, were characterised in terms of coastal features. 

The west coast is an extremely diverse coast including coastal ecosystems like rocky cliffs, 

mixed beaches, exposed linear sandy beaches and small, partially sheltered bays. The 

coastline of the Western Cape (on the south-west coast) is also very diverse – with sandy 

and rocky beaches and mountainous areas.  

The east coast has a linear, high-energy coastline that is interspersed with small pocket 

beaches at river mouths. The southern portion of the east coast shoreline is rocky and quite 

irregular due to small headlands and rocky points. Sandy or rocky shores are found on the 

north-east portion of the east coast. The far north-east coastline is linear and open with no 

major headlands or capes. This high-energy shoreline consists of sandy beaches with high 

dunes, beach rock, small headlands and small bays.  
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OPSOMMING 

Hierdie tesis handel oor die verhoudings tussen die geofisiese eienskappe van die  

Suid-Afrikaanse kus en die effek van fisiese faktore daarop. Die doel van die tesis is ook om 

die kenmerke van die Suid-Afrikaanse kus te karakteriseer. Geofisiese eienskappe van 

sanderige kusgebiede sluit in die korrelgrootte van die strandsediment, die wydte van die 

strand en die brandersone, die helling van die strand, die blootstelling en oriëntasie van die 

kuslyn en die tipe strand. Fisiese faktore sluit in golwe, wind, strome en getye. Die tesis 

fokus op die kenmerke van sandstrandkuslyne langs die weskus, suid-weskus, suidkus en 

ooskus van Suid-Afrika. Studiegebiede sluit in Saldanhabaai, Jakkalsfontein, Tafelbaai, 

Valsbaai, Mosselbaai, Algoabaai, Oos-Londen, die KwaZulu-Natalse suidkus en 

Richardsbaai.  

Nabystrandse golwe het verskeie invloede op die kuslyn. Die gemiddelde nabystrandse 

golftoestande by -15 m tot GSV (gemiddelde seevlak) is bepaal deur die golfdata by -15 m 

tot GSV vir ‘n herhaalperiode van een jaar. Die gemiddelde nabystrandse golfhoogtes by  

-15 m tot GSV is omgeskakel na ekwivalente diepsee golfhoogtes deur die toepassing van ‘n 

metode wat beskryf word in US Army, Corps of Engineers (1984), naamlik om te deel met 

die vervlakkingkoeffisiënt (KS). Dit moet ingedagte gehou word dat diep-see golwe wat baaie 

binnekom buig en refrakteer, waar hoë-energiegolwe reguit en oop kuslyne bereik. Die diep-

see golftoestande kan dus tegnies nie gebruik word om die nabystrandse kondisies in baaie 

te beskryf nie. Twee metodes is gebruik om die brekerhoogtes by elk van die nege 

studiegebiede langs die Suid-Afrikaanse kus te bepaal. Daar kan afgelei word uit die 

afgeleide brekerhogtes dat die golftoestande wat voorkom by reguit, blootgestelde kuslyne is 

meer hewig as dié by kalmer kuslyne in die baaie. Daar is afgelei vanuit die verspreiding van 

gemiddelde nabystrandse kuslyngolfhoogtes by die studiegebiede dat Jakkalsfontein die 

meeste golfaksie ervaar en Saldanhabaai (op grond van brekerhoogte) en Tafelbaai die 

minste. Die golfhoogtes by Mosselbaai, Algoabaai en langs die kus van KwaZulu-Natal is 

eenders. Daar kan afgelei word dat die golfklimaat van Suid-Afrika hoofsaaklik oorheers 

word deur deiningsgolwe, as gevolg van die lang golfperiodes. Die getye is redelik konstant 

om die kus van Suid-Afrika (SANHO, 2012) en verskil vanaf ongeveer 2 m tydens springgety 

tot ongeveer 0.5 m tydens dooiegety. 

Sandkorrels is volgens die Wentworthskaal (Wentworth, 1922) geklassifiseer. Daar is tot die 

gevolgtrekking gekom dat die studiegebiede langs die Suid-Afrikaanse kus meestal bestaan 

uit medium-grof sandkorrels.  Die grofste korrels is gevind by Saldanhabaai, met ‘n 

korrelgroottevan 0.68 mm, en die fynste korrels is gevind by Orientstrand in Oos-Londen, 
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met ‘n korrelgrootte van 0.21 mm. Die platste strandhelling (0.024) is ook gevind by 

Orientstrand. Daar is gevind dat Richardsbaai die steilste strandhelling het (0.195). Die 

Iribarren nommer is bereken om die strandtipe by elke studiegebied te bepaal volgens 

Battjes (1974) en Short (1999). Die meerderheid studiegebiede se strande is geklassifiseer 

as dissiperend, alhoewel sommige strande by Richardsbaai steiler hellings het, dus 

reflekterend is. Oor die algemeen word Suid-Afrikaanse strande geklassifiseer as 

intermediêr, gevolg deur dissiperende strandtipes. Reflekterende strande kom meestal voor 

langs die KwaZulu-Natalse kus. 

Die strandblootstelling is geklassifiseer volgens Theron et al. (2010) se kriteria. Daar is 

bevind dat Jakkalsfontein, die KwaZulu-Natalse suidkus en Richardsbaai die mees 

blootgestelde strande het aangesien hierdie gebiede reguit en oop kuslyne het. 

Saldanhabaai het die mees beskermde strande as gevolg van skiereilande aan weerskante 

van die baai en golfbrekers binne die baai.  

Regressie-ontledings en korrelasiegrafieke van die geofisiese eienskappe en golfhoogtedata 

het oor die algemeen nie duidelike korrelasies aangedui nie.Daarom is die data van al die 

Suid-Afrikaanse studiegebiede eerder vergelykmet korrelasiessoos bepaal deur  

Komar (1976), gebasseer op die Amerikaanse kus. Wiegel (1964) en Komar (1976) stel dat 

strande wat blootgestel is aan hoë-energie-golwe, groter korrelgroottes het as strande wat 

blootgestel is aan lae-energie-golwe, en dat die strandhelling toeneem met korrelgrootte en 

afneem met golfenergie. Oor die algemeen het die Suid-Afrikaanse studiegebiede met 

kleiner (dus fyner) sandkorrels voorgekom naby die lae-energiegrens en die Suid-Afrikaanse 

studiegebiede met groter (dus grower) sandkorrels voorgekom naby die hoë-energiegrens, 

wat in ooreenstemming is met Wiegel (1964) en Komar (1976). Die meerderheid 

studiegebiede se datapunte het voorgekom naby die lae-energiegrens. 

Die gemete strandhellings van al die studiegebiede langs die Suid-Afrikaanse kus is vergelyk 

met numeriese formulerings vir die bepaling van hellings van Sunamura (1984), Wiegel 

(1964) and Swart (1986). Oor die algemeen is ‘n goeie ooreenkoms waargeneem. Daar is 

gevind dat die strandhelling afneem met ‘n toename in die waarde van die parameter 

H / gd T, van Sunamura (1984) end at die strandhelling toeneem met ‘n afname in 

brekerhoogte en toename in sandkorrelgrootte. 

Reis en Gama (2009) en Coelho et al. (2009) het bevind vir die Portugese Atlantiese kus dat 

dat die strandhelling toeneem as die korrelgrootte toeneem, met ‘n konstante golfhoogte, en 

afneem met ‘n toename in golfhoogte. Dus sal die strand meer dissiperend word. Die beste 

en duidelikste korrelasie tussen strandhelling en korrelgrootte is waargeneem by Tafelbaai, 
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waar die strandhelling toeneem met ‘n toename in korrelgrootte. Hierdie tendens is in 

ooreenstemming met Reis en Gama (2009).  

Die kusstreke van Suid Afrika sluit in die weskus, suid-weskus, suidkus, ooskus en  

noord-ooskus. Hierdie streke is gekarakteriseer in terme van hul kustelike eienskappe. Die 

weskus is baie divers. Kustelike ekosisteme soos rotsagtige kranse, gemengde strande, oop 

sandstrande en klein baaie word gevind langs hierdie kus. Die kuslyn van die Weskaap  

(wat geleë is op die suid-weskus), is ook baie divers, met sanderige en rotsagtige strande.  

Die hoë-energie kuslyn van die ooskus is meestal reguit, met klein strande by 

riviermondings. Die suidelike deel van die ooskus is rotsagtig as gevolg van klein 

skiereilande en rotsagtige gebiede. Sanderige en rotagtige strande kom voor langs die 

noord-oostelike deel van die noord-ooskus. Hierdie hoë-energie kuslyn van die  

Noord-ooskus is meestal reguit en blootgestel, met sanderige strande, hoë duine, klein 

skiereilande en klein baaie. 
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GLOSSARY OF TERMS 

 

Beach slope – The beach slope at the shoreline. For the purpose this thesis, the beach 

slope is ideally measured between +1 m and -1 m to mean sea level. 

Beach width – The distance between the vegetation line on the back beach and the high 

tide water line or ‘dry’ line. 

Coast/coastline – The portion of land next to the sea or the where the sea borders the land. 

Coastal zone - Oceanic region that stretches from the coastline to the edge of the 

continental shelf. 

Continental shelf – Seabed area around a large land mass where the water depth of the 

sea is rather shallow compared with the depth of water in the open ocean. 

Extreme significant wave height–The design wave height (with a given probability of 

exceedance) of the highest third of the waves that will occur in a certain period. 

Geophysics–Scientific term that involves the physical processes and physical properties of 

the Earth and its surroundings, like the ocean. Quantitative methods can be used to analyse 

geophysics.  

Geophysical characteristics– Characteristics dealing with the physics of the Earth. 

Characteristics of physical properties of the Earth, in the case of this thesis, properties of 

coastal features like sediment and beach slope.  

Inshore slope–The bottom slope seaward of the shoreline. For the purpose of this thesis, 

the inshore slope is measured between 0 m and 15 m below mean sea level. 

Long waves- Long-period waves have very long wavelengths and relatively small wave 

heights, usually making them barely noticeable to the human eye. The wave period of long 

waves can range from 25 s to a few minutes. Long-period waves are also known as low-

frequency waves, infra-gravity waves or surf beat. 

Longshore current – Current that flows roughly parallel to the shoreline. It is caused by 

large swells sweeping into the shoreline at an angle and pushing water down the length of 

the beach in one direction (see Section 5.3 for more detailed description). 

Meteorology–Phenomena referring to weather conditions and processes. In this thesis, the 

meteorology refers to the coastal climate, i.e. tropical or sub-tropical weather along the coast. 
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Monochromatic waves – A series of waves generated in a laboratory with equal wave 

lengths and wave period. 

Nearshore – Zone extending seaward from the water level at low tide (the foreshore) to 

beyond the breaker zone. Infinite area affected by nearshore currents. 

Offshore – Seaward direction from the nearshore zone. 

Physical coastal processes – Abiotic (non-living) chemical and physical processes (climate 

or habitat) of the environment that influence or affect the coastal ecosystem and living 

organisms within that ecosystem, in the case of this thesis, the shoreline and beaches along 

the coast (i.e. nearshore region). These natural and abiotic processes include waves, 

currents, tides and wind and they affect beach or coastal parameters like beach slopes, grain 

size and beach orientation etc.  

Regression analysis – A statistical process for assessing the relationships between 

variables or available statistical data. 

Rip current - Narrow current that flows perpendicular to the coast, heading out to sea. 

Shoreline – The line where high-tide waves touch on a beach. The shoreline divides the 

beach into the foreshore and backshore. 

Significant wave height – The average height of the third highest waves or four times the 

square root of the variance of the wave spectrum.  

Significant wave period – The average wave period (time interval between two successive 

wave crests at a certain location) of the highest third of the waves in a recording period.  

Solitary waves – A wave that remains uniform (does not change in shape or size) when 

moving. 

Surf zone width – The distance between the average landward position of the swash edge 

and the seaward-edge of the white water from the outermost breaker at the backline. 

Wave backrush – A process during which waves transport the sediment seawards, 

potentially creating longshore bar/s (during winter). 

Wave length–The distance between a wave crest and wave trough. 

Wave run-up/swash – The rush of water up the beach slope beyond the still-water level in 

the swash zone (upper section of the beach between the surf zone and the backbeach). 

Waves move sediment up the beach face, creating swash bars and berms. 
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1. INTRODUCTION  

1.1 BACKGROUND 

The aim of this research is to analyse the coastal geophysical characteristics that represent 

the coastal regions of South Africa and evaluate relationships between these geophysical 

parameters. The effect of waves on some of the geophysical parameters will also be 

investigated. The South African coast is yet to be systematically characterised in terms of 

geophysical parameters and therefore various coastal regions in South Africa will be selected 

and characterised to generally categorize the South African coast. The research focusses on 

the dominant coast type of South Africa, namely sandy beaches. Sandy beaches are 

accumulations of sand lying between modal wave base and the swash limit (Short, 2006). 

South Africa occupies the southern tip of the African continent, which lies in the southern 

hemisphere. The relatively smooth South African coastline stretches over 3 000 km and 

borders the Atlantic Ocean on the west and the Indian Ocean on the south and east 

(Photius.com, 2004). The Algulhas Current affects the east and south coasts of South Africa 

and the Benguela Current affects the west coast of South Africa. These ocean currents flow 

on the edge of the continental shelf, near the 200 m depth contour (Theron, 2016). 

The coastal regions of South Africa include the West coast, South-west coast, South coast 

and East coast. The coastal regions have different coastal climates, coastal orientations, 

currents and sediment sources. The west coast is very diverse, consisting of rocky 

overhangs, long, open sandy beaches and wide, sheltered bays (Harris et al., 2011). The 

south coast stretches for about half of the total length of the South African coastline and 

consists of a few wide, open bays (Harris et al., 2011). The former Transkei coast divides the 

regions of the south and east coasts and consists of mostly embayed beaches associated 

with estuaries that intersperse rocks and cliffs (Harris et al., 2011). The east coast has a very 

narrow continental shelf (from only 3 km to even 40 km in some areas) with a straight edge 

and steep continental slope. The coastal zone of the east coast is characterised by a 

relatively steep and extremely separated coastal plain (Partridge and Maud, 1987). The Natal 

Bight has a broader continental shelf (50 km) and a gentler slope compared to other areas 

along the KwaZulu-Natal coast. The shelf break (at 100 m water depth) from Richards Bay to 

Durban reaches 140 m near Port Elizabeth as the depth increases (Flemming, 1981). The 

shelf is broader around the southern tip of South Africa towards the west coast and has a 

gentler near to offshore slope. 
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Figure 1 shows the layout of South Africa and the adjacent oceans. 

 

Figure 1: Illustration of the South African coast and its adjacent oceans  

(Climate regions in South Africa, n.d.) 

It can be seen from Figure 1 that the West Coast is characterised by a dessert and 

Mediterranean climate (warm, wet winters and dry, hot summers), the South-West coast has 

a Mediterranean climate, the South Coast has a moderate climate (moderate wind, rain and 

temperatures) and the East Coast is subtropical (hot, humid summers and cool winters). 

The easterly movement of low-pressure systems generate waves that affect especially the 

west and south coasts of South Africa (Joubert and Van Niekerk, 2013). Berg winds first 

appear on the west coast and are always propagated counterclockwise along the coastline. 

These winds then move from the west coast southwards, and then eastward along the south 

coast, and finally north-eastward (Carter, 2005). 

South Africa’s estuarine and inshore ecosystems include three bioregions namely the  

sub-tropical east coast (Ponta do Ouro to Port St Johns),the warm-temperate south coast 

(Port St Johns to Cape Point)and the cool-temperate west coast (Cape Point to Orange River 

mouth) (Brown and Jarman, 1978). Figure 2 shows the bioregions of the South African EEZ 

(Exclusive Economic Zone) (Lombard et al., 2004). 
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Figure 2: South African EEZ (Exclusive Economic Zone) bioregions (Lombard et al, 2004) 

The coastal zone of the South African coast is the oceanic region that stretches from the 

coastline to the edge of the continental shelf (at the 200 m isobaths). Over 300 independent 

river outlets exist around the South African coast. Most estuaries in South Africa is laterally 

confined as they are situated in bedrock valleys (Cooper, 2001). 

1.2 PROBLEM STATEMENT 

The South African coastline is very diverse, but is largely characterised by sandy beach 

ecosystems. The South African coast consists of sandy, rocky and mixed shores but the 

main emphasis of this research is on sandy beaches. Sandy beaches remain a neglected 

field of scientific study. According to McLachlan and Brown (2006), factors such as wave 

climate, wave height, tidal regimes, topographic features and sediment characteristics define 

the morphodynamic type of sandy beaches. 

The main purpose of this research is to characterise the features of the South African coast 

and the factors affecting them. The South African coast is yet to be systematically 

characterised in terms of geophysical parameters. The aim is also to determine the physical 

beach characteristics of various coastal regions, to analyse the coastal geophysical 

characteristics of the South African coastline and to evaluate relationships between these 

geophysical parameters by the implementation of regression analyses. In order to study and 

characterise the coastal features and physical processes of the South African coast, 

sufficient scientific knowledge and understanding of the oceans and coastal environments 
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are essential. The main problem of coastal research in South Africa is the lack of data 

regarding physical coastal processes and beach characteristics. Site investigations and 

physical data collection are seldom conducted and are of limited extent & duration. There is a 

strong need for proper coastal management including to continue and strengthen coastal 

research programmes. South African coastal investigations and analysis of shoreline 

characteristics are sorely lacking, in comparison to international studies and standards.  

Waves affect the coastline in several ways, and therefore the relationship between wave 

height and some of the coastal geophysical parameters is necessary to be assessed too. A 

systematic geophysical characterisation does not exist for the South African coast. 

Databases concerning real-time waves and weather forecasting and historical wind data are 

existent for the South African coast.  

1.3 OBJECTIVES 

Objectives of the research include: 

 To provide an overall, systematic characterization of the features of the South African 

coast and the factors affecting them. 

 To determine physical beach characteristics of the coastal regions of South Africa 

and their related physical coastal processes.  

 To perform regression analyses and determine correlations between these coastal 

geophysical characteristics (sediment, beach slopes, shoreline orientation, surf zone 

width and beach width) of the coastal regions of South Africa and the related physical 

coastal processes (nearshore wave climate); 

 To determine the beach morphodynamic state of representative beaches in the 

coastal regions of South Africa. 

1.4 OUTLINE OF THE STUDY 

The first part of the research entails general background on the topography of South Africa, 

characteristics of its coastline and a brief discussion of the features of the coastal regions in 

South Africa. The methodology sets out the major topics (coastal variables around the coast 

of South Africa) that are covered and the measures (assumptions and calculations) applied 

to determine them and achieve the objectives of the research (to generally characterise the 

South African coastline). Necessary classification criteria are stated where relevant. The 

literature study discusses the relationships between various coastal geophysical parameters 

and the effects of physical coastal processes or drivers on the coast. It also gives a summary 
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of the beach and inshore slopes and wave climate (wave height, period and direction) around 

the South African coast, and a background on beach morphodynamics and beach 

classifications. Site selections in each coastal region of South Africa are discussed and 

motivated. Physical nearshore coastal processes affecting each study location are identified 

and the geophysical beach characteristics are determined and synthesised. Regression 

analyses and correlations between various coastal geophysical parameters, as well as the 

relationship with wave height, are determined. A general characterisation of the South 

African coast is synthesised.  
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2. METHODOLOGY 

The main purpose is to provide a general synthesis of the characterisation of coastal 

geophysical parameters of sandy beaches along the South African coast. The four distinctive 

coastal regions of the South African coast are the West Coast, West-South Coast, South 

Coast and East Coast. Study locations are selected to represent each coastal region. The 

relationships and regression trends between the geophysical parameters at each study 

location and the effect of wave climate on them are evaluated.  

Physical coastal processes investigated in this thesis include wind, waves, tides, currents 

and rainfall. The offshore and nearshore wave climates are specified at each study location.  

Mean nearshore significant wave height 

Rossouw et al. (2014) determined the nearshore wave climate at -15 m to MSL for different 

return periods at various locations along the South African coast. These wave heights, for a 

one-year return period, were adjusted according to Rossouw (1989) in Table 1 to obtain the 

mean nearshore significant wave heights at the study locations. The mean nearshore 

significant wave height was obtained by multiplying the significant wave height at -15 m to 

MSL for a 1-year return period at each study location by the average significant wave height 

from Rossouw (1989) and dividing it by the significant wave height for a return period of  

1 year from Rossouw (1989). The conversion can be presented by a simple equation  

(Equation 1). 

Equation 1 

H _ 	 	

H 	 	 H

H
 

Where  

H _ 	 	  = Mean nearshore significant wave height (at -15 m to MSL) (m) 

H 	 	   = Significant wave height at -15 m to MSL (m) for a 1-year return 

   period by Rossouw et al. (2014) 

H   = Estimate of average significant deep-sea wave height (m) by  

    Rossouw (1989) 

H   = Estimate of design deep-sea significant wave height for a  

  1-year return period (m) by Rossouw (1989) 
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Table 1: Design significant wave heights for the South African coastline  

(Adapted from Rossouw, 1989) 

 

The nearshore wave climate for different return periods included significant wave height, 

peak wave period and average wave direction. Significant wave heights for a return period of 

one year were available. 

Equivalent mean deep-sea significant wave height 

The deep-sea significant wave height is required to calculate the breaker height (by means of 

the methods described in the following paragraph), which will be used to determine the 

Iribarren number and beach type. The mean nearshore significant wave height at -15 m to 

MSL, determined from Equation 1, must be converted to an equivalent mean deep-sea 

significant wave height, as the deep-sea wave heights at the study sites are not obtainable. 

Refraction is taken into consideration but it is assumed that the waves break perpendicular to 

the shore and therefore the refraction coefficient, KR, is taken as 1 (waves do not bend when 

reaching the shoreline). The refraction coefficient is retained to maintain wave height 

variation along the coast, thus the wave height is considered consistent along the section of 

beach investigated. The refracted nearshore significant wave height at -15 m to MSL is then 

“reverse shoaled” (divided by the shoaling coefficient) to give the equivalent deep-water 

wave height. The shoaling coefficient is determined (KS) using methods described in US 

Army, Corps of Engineers (1984). Bottom friction is not included in the calculation of KS. The 

equivalent mean deep-sea significant wave heights are determined in Chapter 5.1.2. 
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Breaker heights 

The breaker heights at the study locations representative of the four coastal regions of South 

Africa are required to determine the beach types of the investigated beach sections. Breaker 

wave heights are the heights of the waves through the surf zone. The breaker heights are 

determined by taking the average from the breaker heights derived by Weggel (1972), which 

comes down to the same result as Dean and Dalrymple (1991), and Komar and Gaughan 

(1972). The deep-sea significant wave height required to calculate the breaker height from 

the above-mentioned sources is taken as the “refracted and reverse shoaled equivalent 

mean deep-sea significant wave height” (discussed earlier). 

Method 1: Weggel (1972) 

Equation 2 shows a semi-empirical relationship for the ‘breaker height index’, derived by 

Komar and Gaughan (1972) from linear wave theory. 

Equation 2 

Ω 0.56	
H
L

⁄

 

Where 

H0 = (Equivalent) deep-sea significant wave height (m) 

L0 = Deep-sea wavelength (m) = gT2/2π, where T is the peak wave period (s) and  

g is the gravitational acceleration (ms-2) 

According to Weggel (1972), the ‘breaker height index’ represented by Equation 3 can be 

used to calculate the estimated wave height at incipient breaking, Hb. 

Equation 3 

H Ω H  

Method 2: Komar and Gaughan (1972) 

The Airy wave theory can be used to evaluate a wide range of nearshore breaker waves. It 

involves the prediction of breaker wave height from deep-sea wave height and wave period. 

Breaker heights similar to those observed can be predicted from the relationship presumed 

from the latter.  

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



9 

 

The similarity method, also known as saturated breaking, can be used as a breaking criteria 

(shown in Equation 4), in conjunction with the Airy wave theory. This breaking criterion is 

frequently applied in practice (using computer programs) for wave refraction. 

Equation 4 

γ
H
d

 

Where γ  is the breaker depth index and db is the depth at breaking (in metres). The breaker 

depth index (γ ) is taken as 0.78 as theoretically determined by McCowan (1891). This value 

is reasonable for beaches with generally mild slopes. The breaker depth index actually 

increases as the beach slope increases and varies slightly with deep-sea wave steepness. 

Equation 5 shows the relationship obtained by applying the Airy wave theory, derived by 

Komar and Gaughan (1972). 

Equation 5 

H
g 	γ

4π
	TH

/

 

Where   

g =  gravitational acceleration = 9.81 m/s2 

γ   =  is the breaker depth index (0.78) 

T  =  Wave period (s) 

H   =  (Equivalent) deep-sea significant wave height (m) 

The depth at breaking, db, for both methods can be determined by applying Equation 6. 

Equation 6 

d
H
γ

 

 

In order to analyse the coastal geophysical parameters of South Africa, it is necessary to 

study and understand the empirical and theoretical relationships between them. It is also 

important to review previous studies regarding them. The geophysical parameters that are 

covered in this thesis include: 
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1. Sediment grain size 

The median grain size (D50) are determined for each study location. It is the grain size where 

50% of the grains of a specific sample are smaller than that size and 50% by mass are larger 

than that size.  

2. Beach slope 

The slope of the beach face in this thesis is taken between 1 m above MSL and 1 m below 

MSL at mid tide, depending on availability of data. The slope can be represented as a ratio, a 

percentage or an angle.  

3. Shoreline orientation 

The shoreline orientation of each study location is measured on Google Earth in degrees 

from North. The orientation convention is measured from north to south on the west coast, 

west to east on the south coast and south to north on the east coast. Figure 3 illustrates a 

definition sketch for the measurement of the beach orientation around the South African 

coast. 

 

Figure 3: Beach orientation definition sketch 
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4. Surf zone width 

The surf zone width is measured as “the distance between the average landward position of 

the swash edge and the seaward-edge of the white water from the outermost breaker at the 

backline”, Harris (2012). The surf zone widths can be measured on Google Earth. This 

method of obtaining surf zone widths contains only satellite pictures of the locations at a 

certain time and the results can generally not be considered to represent the average 

conditions. A more critical and meticulous method is rather recommended. This would 

require more measurements, which will take longer, but would result in more accurate values 

representative of the average widths. 

5. Beach width 

The beach width is measured as the distance between the vegetation line on the back beach 

and the high tide water line or ‘dry’ line. The beach widths can be measured on Google 

Earth. This method of obtaining beach widths contains only satellite pictures of the locations 

at a certain time and the results can generally not be considered to represent the average 

conditions. A more critical and meticulous method is rather recommended. This would 

require more measurements, which will take longer, but would result in more accurate values 

representative of the average widths. 

6. Beach exposure 

Additional indicators to the assessment methodology of Coelho et al. (2006), relevant to the 

Southern African coast, identified by (Theron et al., 2010) are the degree of protection from 

prevailing wave energy, sea level rise, Bruun erosion potential in terms of inshore slope and 

relative height of foredune buffer.  

In this thesis, only the degree of protection from prevailing wave energy (site location, coast 

configuration and bathymetry) is considered. 

Score of: 1 = Leeside of large island (on opposite side of incident waves) 

2 = Leeside of headland  

3 = Partially sheltered from deep-sea wave energy  

4 = Directly exposed to waves refracted by headlands, small islands  

      and/or breakwaters 

5 = Directly exposed to storm swells (with narrow surf zone) 
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Figure 4 illustrates the above-mentioned degree of exposures. 

 

Figure 4: Illustrations of degrees beach exposure 

7. Beach morphodynamic type 

Various quantitative methods can be used to describe and compare beaches with different 

beach slopes and wave action (Woodroffe, 2002). Among these methods is the Iribarren 

number (), also known as the surf similarity and breaker type, which describes the overall 

surf zone of the beach. The Iribarren number can also be used to calculate the wave run-up 

and it relates the wave steepness to the slope of the beach or coastal structure, as presented 

in the form of Equation 7 or 8 (Battjes 1974, Galvin 1968). 

Equation 7 


tan β

H /	L .  

Equation 8 


tan β

H /	L .  
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Where 

tan  = Mid-tide beach slope (dimensionless) 

Hb = Nearshore wave height prior to breaking (m) 

Ho = Deep-sea wave height (m) 

Lo = Deep-water (offshore) wavelength (m) 

Lb = Wavelength at breaking (m) 

And Hb /Lo or Ho /Lo is known as the wave steepness. 

On a uniformly sloping beach, the breaker type is determined by the classification in Table 2 

(Battjes, 1974). The study beaches are classified according to the  -range, due to the 

breaker wave conditions that are determined at each study location and because the 

offshore wave conditions are less directly associated with the beach characteristics. 

Table 2: Breaker type depending on 0 and b according to Battjes (1974) 

 

The correlation between coastal parameters will be determined by regression analyses. 
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3. LITERATURE STUDY 

3.1 INTRODUCTION 

The coast or coastline is defined as the land next to the sea or the boundary where the sea 

meets the land. The complex, dynamic and high-energy coast of South Africa changes 

constantly in terms of morphodynamics (Cowell et al., 2003). The west coast of South Africa 

borders the Atlantic Ocean and the south and east coasts border the Indian Ocean. The 

coastal regions along the South African coast are the West Coast, South-West Coast, South 

Coast and East Coast. Various ecosystems on the South African coast include rocky shores, 

sandy beaches, coastal dunes, estuaries and coral reefs (Eia.org.za, n.d.). 

The main focus of this thesis is on sandy beaches. Sandy beaches are “accumulations of 

sand lying between the modal wave base and the swash limit”, according to Short (2006). 

The beach morphodynamic type of sandy beaches is defined by factors like wave climate, 

tidal regimes, topographic features and sediment characteristics (McLachlan and Brown, 

2006). 

According to Jackson et al. (2005), the physical drivers of exposed beaches include the 

underlying geology that provides the first-order control of beach types; and according to 

McLachlan (1990), they include the interactions among sand and physical coastal processes 

that provide second-order control, which results in a series of beach morphodynamic types. 

The beach morphodynamic type scan range from micro-tidal reflective to macro-tidal ultra-

dissipative. According to Short (1996), physical drivers of exposed beaches can include sand 

transport, erosion and accretion. 

All beaches have three dynamic zones that determine the beach morphodynamics. The 

width of these zones depends on wave height and beach slope, while the tide range 

determines the vertical stability or daily movement of these zones (Short, 2006). These 

zones are: 

1. Wave shoaling zone seaward of the breaker point; 

2. Surf zone where the wave break; and 

3. Swash zone of final wave dissipation on the sub-aerial beach. 

The literature study discusses coastal geophysical parameters and physical coastal 

processes affecting the coast, the beach and inshore slopes along the South African coast 
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and the correlation between beach slope, wave climate and sediment grain size. It also gives 

a background on beach morphodynamics and beach classifications. 

3.2 COASTAL GEOPHYSICAL CHARACTERISTICS 

3.2.1 INSHORE SLOPES 

Mild slopes commonly have wider surf zones so more incident wave energy is dissipated, 

while more incident wave energy reaches the shoreline when the slope is steep  

(Mather et al., 2011). Rossouw et al. (2014) conducted a GIS (Geophysical Information 

Systems) analysis of the inshore bathymetry along the South African coast at more than 20 

areas extending from Port Nolloth on the west coast to St Lucia on the east coast, based on 

data provided by the South African Naval Hydrographic Office. Each area covered roughly 

100 km of shoreline, thus covering about two-thirds of the South African coast.  

Rossouw et al. (2014) determined the cross-shore distance from points located every 500 m 

along the 0 m MSL (mean sea level) contour to 15 m below MSL. Theron (2016) calculated 

the inshore slope (0 m to 15 m below MSL) at each of the locations using the cross-shore 

distances and then determined the following slope parameters: 

 Minimum (mildest slope) 

 10 % exceedance 

 Mean (average slope) = 0.0176 (1:57) 

(80% of all the points had slopes between 0.0371 and 0.0104 (1:27 to 1:96) 

 90 % exceedance 

 Maximum (steepest slope) 

Figure 5 illustrates the inshore bathymetry results for the 20 coastal areas (from east to west 

around the coast). The inshore slopes of all the areas varied and no clusters were observed. 

The steepest inshore slopes are located at headlands and rocky areas, while the mildest 

slopes are located along some rocky, mixed, sandy shores and pocket beaches and also 

within bays (Theron, 2016). 
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Figure 5: Inshore bathymetry along the South African coast (Theron, 2016) 

3.2.2 CORRELATIONS BETWEEN COASTAL GEOPHYSICAL PARAMETERS 

The interaction between the prevailing waves, shoreline orientation, sediment characteristics, 

together with the underlying geology creates the coastline configuration and beach profiles 

that occur (Theron, 2016). Sand grain size is an important driver of sandy beach 

morphodynamic types (Harris et al., 2011). Coarsest material is common at the breakpoint 

because denser particles settle out of the water resulting in finer sediment particles being 

carried higher up shore by swash or wind action. According to Mason and Folk (1958) and 

Fox et al. (1966), “fining will occur toward the foredunes and back shore and toward the 

lower foreshore”. Waddell (1973) stated, “Larger grain sizes allow for increased percolation 

of wave uprush and a corresponding decrease in backrush volumes, which result in steeper 

beach face slopes”. Figure 6 illustrates the relationship between the beach face slope of 
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sandy beaches and the median sediment grain size, together with wave energy  

(Komar, 1976). 

 

Figure 6: Relationship between beach face slope, grain size and wave energy  

(Adapted from Komar, 1976) 

A trend observed from empirical data of several beaches show that an increase in grain size 

results in a steeper beach slope and a decrease in beach slope occurs with an increase in 

wave energy (Wiegel, 1964). Figure 7 shows the relationship between beach slope and grain 

size on beaches exposed to high and low-energy waves. Larger grain sizes are found on 

beaches exposed to high-energy waves while smaller grain sizes are found on beaches 

exposed to low-energy waves. Other factors affecting the beach slope, aside from grain 

size/fall velocity and wave climate, are the degree of beach exposure and the occurrence of 

erosion or accretion (Inman and Bagnold, 1966; Shepard, 1963). Beach slope can also be 

related to wave steepness. The beach slope tends to increase (become steeper) when low-

energy waves approach the shoreline and decrease (become milder) when high-energy 

waves approach the beach (Wright and Short, 1984). 
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Figure 7: The relationship between beach slope and grain size on beaches exposed to low and high 

energy waves (after Komar, 1976 in Pethick, 1984) 

An empirical relationship between beach slope and breaking depth indicates that the ratio of 

wave height to water depth at the break point (H/d) decreases when beach slope increases. 

Waves tend to break in shallower water depths when the beach slope is gentle, thus when 

H/d is greater. Typical values of the H/d ratio range from 0.7-0.8. The lower end of this range 

corresponds to steeper slopes and the upper end to gently sloping beaches  

(Wright et al., 1999). 

Alireza et al. (2014) documented data regarding foreshore profiles and beach sediment 

characteristics on the southern Caspian Sea coast (located in the northern hemisphere). 

Although the Caspian Sea is not an open coast but an inland sea (only sandy open coasts 

and embayments are investigated in this thesis), relationships can still be concluded from the 

findings of the field surveys done at various stations along the Caspian coast.  

Alireza et al. (2014) found that coarser sediments occur where the coast is more narrow and 

steep. According to Kaplin and Selivanov (1995), a steeper nearshore bed slope results in 

more nearshore sandy bars. In the case of the Caspian Sea, rivers contribute a lot of 

sediment to the shores, which result in larger beach widths. This may be true for other coasts 

as well.  

Figure 8 shows the relationship between the beach face slope and the median sediment 

grain size on the beaches of the southern Caspian Sea coast. Sorensen (2006) defined the 
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high and low wave energy boundaries shown on Figure 8. A majority of the data points are 

gathered at the low wave energy boundary because the Caspian Sea is not an open sea. 

 

Figure 8: Correlation between beach face slope and median grain size on the southern Caspian Sea 

coast (Adapted from Alireza et al., 2014) 

A study based on a model developed for wave run-up and run-down along the beach face 

was done along the Southwest Portuguese Atlantic coast (Reis and Gama, 2009). For the 

same wave height, the equilibrium beach face slope increased with sand grain size. It was 

observed that the beach slope of each beach decreased as the wave height increased, thus 

becoming more dissipative. 

A study was conducted at Areão Beach to establish the relationships between different 

coastal parameters, mainly according to Short (1999). Areão Beach is located on the north-

western coast of Portugal. Overall, the samples showed small change, which was consistent 

with the conclusions of Rijn et al. (2001) that finer (smaller) grains occurred on the upper 

beach and coarser (larger) grains occurred at the intertidal zone and beach areas exposed to 

energetic wave action. Shoaling affected the wave height more than refraction, causing an 

increase in wave heights (Coelho et al., 2009). The obtained slopes were compared with 

numerical formulations for the surf zone of Kamphuis (1986) in Equation 9 and the beach 

slope of Sunamura (1984) in Equation 15 (Chapter 7.1). 

Equation 9 

m 1.8
H
d

/
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The beach slopes calculated from Equation 9 were similar to the beach slopes calculated 

from Equation 15. It was found that the measured beach slope was slightly higher than the 

numerically calculated beach slopes. The numerical beach slope value increased when a 

larger grain size value and a smaller wave height was applied to Equations 9 and 15. It was 

found that the beach slopes were steeper where coarser sediments were found. This is also 

in accordance with Short (1999) who stated that beaches with more wave action have 

coarser sediments. Studies referred to by Pereira (2004) indicated that beaches that were 

more exposed to wave action tend to have steeper slopes. In the case of Areão Beach, it 

was also found that the beach slope tends to be steeper when the beach is exposed to 

higher waves (Coelho et al., 2009). The beach was overall classified as intermediate.  

Coelho et al. (2009) concluded that reflective beaches tend to have steeper slopes and 

dissipative beaches tend to have milder slopes. 

According to Inman (1953), “seasonal winter storms transport sediment offshore, resulting in 

a narrower, coarse-grained winter beach. Offshore sediments are transported back onto the 

beach during summer, resulting in a finer-grained beach”. 

3.3 PHYSICAL COASTAL DRIVERS AFFECTING THE SOUTH AFRICAN 
COAST 

3.3.1 WAVE RECORDING IN SOUTH AFRICA 

Merchant vessels, called Voluntary Observing Ships (VOS), travelled around the coast and 

made the first observations of wave heights, periods and directions. Wave clinometers were 

first used in April 1961 to collect wave data off the Bluff at Durban. Non-directional 

“Waverider” and “Wavemonitor” buoys were primarily used up to the 1990’s, but  

Alexander (2015) stated that “there was a growing need for real-time directional wave 

information”. Wave recording had to be automated in order to process real-time wave data, 

and therefore the wave-recording network “WaveNet” was developed (Rossouw et al., 1982). 

Rossouw (1989) used a selection of simultaneous “Waverider” records to show that offshore 

wave heights along the south-west coast and south coast up to Port Elizabeth display 

virtually identical significant wave height and peak period. Peak periods range mostly 

between 9 s and 16 s, with a median of 12.5 s. It was found that wave height and wave 

period gradually decrease northwards up the west and east coasts, and similar wave 

conditions exist on the west and south coasts. 

Rossouw and Theron (2009) derived the regional offshore wave climate off the South African 

coast from 11 years of data obtained from Tolman et al. (2002) of the NCEP  
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(NCEP, 2013). Figure 9 shows the offshore wave climate along the South African coast. Note 

that the wave climate at the wave recording stations was measured at different depths, but 

all the depths represent the ‘deep-sea’.  

 

Figure 9: Wave height and wave period distribution around the South African coast  

(Adapted from Theron, 2016) 

It can be seen from Figure 9 that the largest deep-sea waves occur along the South-west 

(similar to the findings of Joubert and Van Niekerk (2013) and South Coast and get smaller 

along the West and East coasts (moving northwards). The swell intensity decrease towards 

the lower latitudes on both sides of South Africa (Flemming, 1981). The wave period 

distribution is relatively constant as the swell propagates northwards. In general, peak wave 

periods range from 4 s (representing local sea conditions) to about 18 s, representing long-

period swell conditions (Barwell et al., 2014). The wave period ranges from about 4 s to 14 s, 

indicating a swell dominated South African coast.  

3.3.2.1 LONG WAVE DATA OF SOUTH AFRICA 

Model data from the National Centre for Environmental Prediction (NCEP) covering more 

than ten years gives a general outline of the annual variation in wave height and wave period 

around the coast of South Africa. Long-period waves are also known as low-frequency 

waves, infra-gravity waves or surf beat. Surf beats occur when waves group together and 

cause oscillations in the wave set-up, where the wave period is much longer than the 

average wave period. Long waves normally have wave periods ranging from 25 s to several 
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minutes. Long waves can have a significant effect on moored ships, i.e. causing strain on the 

moored lines. Two types of long waves are (i) bound long waves (generated directly by 

incident waves and originate from the grouping of swell waves) and (ii) free long waves 

(generated directly by ocean weather systems or in the surf zone). Table 3 shows a 

summary of long wave data collected at various ports in South Africa (Rossouw et al., 2013). 

Table 3: Long wave data collected along the South African coast 

(Adjusted from: Rossouw et al., 2013) 

 

Where Hmo = significant deep-sea wave length exceeded a specific percentage of the time,  
Tp  = Peak wave period 

A clear correlation was found by Rossouw et al. (2013) on data for long waves and 

simultaneous short waves (sea and swell), collected on the south coast in Algoa Bay. The 

long wave height can be estimated based on the short wave height and peak period. 

3.3.2.2  INSHORE WAVE CLIMATE OF SOUTH AFRICA 

Wave climate can include the wave parameters like wave height, wave period, wave 

direction and wave power. Wave climate can affect beach geometry and beach sediment 

characteristics. The four main types of weather system patterns influencing the coast are 

semi-permanent subtropical high-pressure cells, cold front system, cut-off low systems and 

tropical cyclones (Theron, 2016). The wave climate comprises a dominant high-energy swell 

component generated by winds blowing over relatively great fetch over the south Atlantic to 

the south-west of the continent, and lower energy wind seas, generated by local winds 

(Joubert and Van Niekerk, 2013). 

The inshore wave climate is an extremely important driver of extreme seawater levels and 

coastal erosion along the South African coast (Smith et al., 2010). Rossouw et al. (2014) 

conducted hydrodynamic wave modelling (SWAN – Simulating Wave Nearshore) to 

determine the inshore wave climate along the coast by transforming offshore wave data to 

inshore conditions, which was determined by 15 years of NCEP hind-cast wave data  

(NCEP, 2013). Rossouw et al. (2014) set up more than 20 numerical wave models (500 m 

numerical grid intervals along the 15 m isobaths. The modelling areas were the same as for 
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the inshore slope analysis in Chapter 3.2.1, therefore the inshore wave regime for about  

two-thirds of the coast was determined. Rossouw et al. (2014) used a statistical extreme 

value analysis procedure to estimate the extreme wave heights at each location, based on 

the modelled inshore data. 

The extreme significant wave heights were analysed statistically by Theron (2016) to 

determine the following parameters at all the coastal points: 

 Minimum (lowest extreme 1-in-10 year wave height) 

 10 % exceedance1-in-10 year wave height 

 Mean (average extreme 1-in-10 year wave height) = 5.6 m 

(80% of all the points had significant wave heights ranging from 4.7 m and 6.5 m 

 90 % exceedance1-in-10 year wave height 

 Maximum (highest extreme 1-in-10 year wave height) 

Figure 10 illustrates the regional inshore wave climate results for the 20 coastal areas (from 

east to west around the coast). Theron (2016) found that the highest inshore wave heights 

occur at exposed areas situated south, like in the regions of Algoa Bay to St Helena Bay. 

The wave heights decrease towards the north along the west coast and east coast.  

 

Figure 10: Analysis of the inshore wave climate along the South African coast  

(Adapted from Theron, 2016) 
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The regions from East London to St Lucia on the east coast and Lamberts Bay to  

Port Nolloth on the west coast are both linear open coastlines, with very few headlands and 

small bays. Therefore, the variation in extreme inshore wave heights is smaller than the rest 

of the South African coast. Regions in the Cape have large bays and therefore have large 

variations in extreme inshore wave heights. False Bay, Table Bay and St Helena Bay have 

the largest wave height reductions from the most exposed locations to the most sheltered 

locations. Bays in the southern Cape and southern Eastern Cape exhibit smaller wave height 

reductions than the latter (Theron, 2016). 

Wave directions 

Waves approach the West Coast from a south-westerly direction. Waves from the west to 

the south-east (south direction slightly dominant) occur along the south-west coast but during 

winter, waves approach from a more west-south-westerly direction. South-west waves 

dominate along the South Coast, but wind seas are present from both westerly and easterly 

directions. The dominant wave direction recorded off the East Coast is southerly, although 

directions from south-west to north are also present. Off the north-eastern coast, some 

waves also approach the shore from an easterly direction due to local easterly wind 

conditions and infrequent tropical cyclones in the Mozambican channel (Theron, 2016). 

3.3.3 WIND DATA OF SOUTH AFRICA 

The Hydrographic Office (1994) provided monthly wind direction occurrences for numerous 

coastal locations, based on more than 20 years of data. Table 4 presents the mean annual 

occurrences of wind direction. Port Nolloth and Durban have the lowest mean wind speeds 

(2.1 ms-1 at eight o’clock and 5.7 ms-1 at two o’clock). Cape Point has the highest wind speed 

(9.3 ms-1 at eight o’clock and 8.2 ms-1 at two o’clock). 

Table 4: Mean annual occurrences of wind direction and speed for selected locations along the 

South African coastline (Department of Water Affairs and Forestry (DWAF), 2004) 
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The Wind Atlas for South Africa (WASA) project is a programme developed by the 

Department of Energy of South Africa. High time-resolution statistics is a method of 

modelling for most topographically and climatologically complex regions by WASA 

(WASA, 2016). Figure 11 indicates the ten-minute wind speed for a fifty-year return period at 

a project area (Kruger and Larsén, 2014). 

 

Figure 11: 1 in 50 year 10 minute wind speed for WASA project area (Kruger and Larsén, 2014) 

3.3.4 CURRENTS AND TIDES 

According to Basco (1983), surf zone currents include “longshore currents, rip currents and 

nearshore circulations which are important to predict sediment transport and coastal pollution 

processes. Geometric features like shoreline geometry, nearshore profile and offshore 

bathymetry effect surf zone currents”. Tidal currents are generally fairly weak along the 

South African coast (Theron, 2016). Longshore currents are caused by large swells 

sweeping into the shoreline at an angle and pushing water down the length of the beach in 

one direction. Incoming waves adjust to the shape of the coastline and releases energy when 

approaching the shore, creating a current which flows parallel to the shore. When a wave 

breaks at an inclined angle on a steep beach, the current velocity increases. When waves 

approach the shore perpendicularly, symmetrical cells of rip currents occur and when waves 

break at an inclined angle, rip currents develop asymmetrical cells. Rip currents can shape 

beaches. Low wave action can form low rip currents in various sizes and velocities. More 

severe/heavier wave action forms fewer, more concentrated rip currents. Wave direction can 

influence the nature (symmetrical and asymmetrical cells, and direction) of rip currents. 

Upwelling currents are also a type of coastal current and can occur in the open ocean as well 

as along the coastline. Upwelling occurs “when winds blowing across the ocean surface 
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move water away from an area and subsurface water rises up to replace the diverging 

surface water”, Oceanservice.noaa.gov (2016). 

Drogues were used to determine surface current velocities at various locations along the 

South African coastline between 1980 and 1992 (DWAF, 2004). Data gathered for a 

minimum of one year at each location is presented in Table 5. 

Table 5: Measured surface current velocities at various locations along the South African coast 

based on drogue tracking between 1980 and 1992 for minimum of 1 year  

(Department of Water Affairs and Forestry (DWAF), 2004) 

 

A review by Harris (1978) described the offshore coastal currents of South Africa between 

Ponta do Ouro (on the north-east coast), and the Orange River (on the west coast).  

Figure 12 shows coastal waters divided into five sectors and Table 6 shows the current 

characteristics at each sector. 

 

Figure 12: Locations of the five sectors along the South African coast (Harris, 1978) 
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Table 6: Review of currents along the South African coast 

 

The tidal levels along the South African coast do not differ significantly and are quite 

constant. The South African Navy Hydrographic Office (SANHO) is responsible for tidal 

measurements in the main ports of South Africa, as well as the distribution of the Annual 

Tide Tables (SANHO, 2012). The dominant tide is semidiurnal, with a period of around 12 

hours and 20 minutes. The tidal range (between high and low water) can differ from about 2 

m during spring tide to 0.5 m during neap tide. The tides are not a contributing factor in 

distinguishing between the coastal regions of South Africa (Theron, 2016). This tidal range 

falls into the meso-tidal coastal environments category. According to Searson and Brundrit 

(1995), spring high tides occur “within 50 minutes at all stations around the coast, providing 

generally weak tidal currents”. Table 7 summarises the tidal levels around the South African 

coast. When extreme meteorological conditions coincide with neap and spring tides, these 

levels can increase. 
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Table 7: Summary of tidal  levels  in metres above chart datum (LAT) around the Southern African 

coast (SANHO, 2012) 

 

Note: Refer to List of Abbreviations  

3.4 BEACH MORPHODYNAMICS AND CLASSIFICATIONS 

Beaches can be classified as dissipative, reflective or intermediate. Seasonal changes and 

meteorological conditions may cause beaches to shift from dissipative to reflective  

(Bryant, 1982). Table 8 shows possible differences between dissipative and reflective 

beaches, according to Harris et al. (2011). 

Table 8: Differences between dissipative and reflective beaches 

 

There is insufficient mapping of marine and coastal systems in South Africa. The most recent 

was the South African National Biodiversity Assessment, which classified the main beach 

type as sandy (Lombard et al., 2004).  
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Wright and Short (1984) developed a micro-tidal (range of < 2 m), single bar beach model, 

based on the Australian coast, to quantify and classify beaches. Six beach types for single 

bar systems are shown in Figure 18, which include dissipative beaches, longshore bar and 

trough, rhythmic bar and beach, transverse bar and rip, low tide terrace and reflective 

beaches. The model was solely dependent on wave climate and sediment fall velocity and is 

represented by Equation 10.  

Equation 10 

	
 

Where 

Ω = Dimensionless fall velocity (Gourlay, 1968) 

Hb = Breaker wave height (m)  

Ws = Sediment fall velocity (ms-1)  

T = Wave period (s) 

Dissipative beaches occur when Ω > 6, as seen in Figure 18. Dissipative beaches consist 

of two to five subdued swell and sea-coast shore parallel bars and troughs respectively. 

Standing waves influence the location of the bars (Short 1975).  

Intermediate beaches (rip dominated) occur when1 < Ω < 6. The four states of intermediate 

beaches include longshore bar and trough state, rhythmic bar and beach state, transverse 

bar and rip state and low tide terrace state. The beach morphology varies between shallower 

bars and deeper rip channels and the circulation in the surf zone is cellular and horizontally 

segregated (Short, 2006). 

Reflective beaches occur when Ω < 1. If the grain size of the sediment varies, the coarsest 

particles gather at the bottom of the swash zone, forming a coarse and steep beach step. No 

bar/s or surf zone/s are featured on reflective beaches, but wave breaking takes place when 

the wave surge or collapse over the beach step, thus the strong swash creates a steep 

beach face (Short, 2006). 

To accommodate and quantify beach environments with multiple bars, high tide ranges, 

embayed and exposed beaches, Short and Aagaard (1993) modified the micro-tidal single 

bar beach model by developing the bar parameter (B*), expressed in Equation 11. Additions 

to the single bar model included environmental conditions that favour multiple bars and the 
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effect on beach/bar type and transformation in multi-bar systems. The bar parameter also 

explains the presence and number of bars in micro tidal beach environments (Short, 2006).  

Equation 11 

B∗ x/g tan βT  

Where 

x = Distance offshore (m)  

g = Gravitational acceleration (ms-2) 

β = beach-nearshore slope (degrees) 

T = Peak wave period (s) 

If, B* < 20:  No bars (reflective beaches)  

20 < B* < 50:  One bar      

50 < B* < 100:  Two bars     

100 < B* < 400: Three bars      

B* > 400:  Four or more bars    

As waves break on the shoreline, the wave height decreases, thus reducing Ω, and thereby 

beach/bar type. Therefore, the outer bar will have the highest energy and the inner bar the 

lowest. The high-energy end member of multi-bar beach types is mostly dissipative, 

however, the inner bar may become reflective at the low-energy end. A decrease in beach 

slope or wave period causes an increase in bar number, as seen in Figure 13 

(Short and Aagaard, 1993). Note that the arrows indicate active rips. 
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Figure 13: One, two and three bar beach systems  

(Modified from Short and Aagaard, 1993) 

Figure 14 plots the grain size and fall velocity versus the breaker wave height, along with 

wave period to determine the beach type or in which boundary (dissipative, intermediate or 

reflective) a beach lies (Short, 1985). 
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Figure 14: Relationship between the sediment grain size and breaker wave height to determine the 

approximate W and beach type (Modified from Short, 1985) 

Tide influences beach morphodynamics significantly. Masselink and Short (1993) introduced 

the relative tide range parameter (RTR), expressed in Equation 12, to accommodate for 

increasing tide range.  

Equation 12 

RTR
TR
H

 

Where TR is the mean spring tide range in metres and H  is the breaker height in metres. 

Figure 15 shows the beach type classification in relation to RTR and Ω (dimensionless fall 

velocity) (Masselink and Short, 1993). Micro tidal beach types dominate when RTR < 3 and 

Ω < 2. The wave dominated surf zone mainly determines the beach morphology. An increase 

in RTR decreases the effects of swash and surf zone processes, causing shoaling waves to 

determine beach morphology. The wide, intertidal beach becomes increasingly tide 
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dominated when 3 < RTR < 15. Beach types identified are reflective plus low tide terrace 

(RLT), low tide bar and rip (LBR) and ultra-dissipative (UD). The transition to tidal flats occurs 

when RTR > 15, as beaches become increasingly tide dominated. The RTR parameter is 

also classifies estuarine beaches that are dominated by waves. As the tide range increases, 

the high tide, swash-dominated swash zone of the beach becomes steeper and coarser 

sediments are found on the beach (Short, 2006). 

 

Figure 15: Conceptual beach model based on the dimensionless fall velocity and the relative tide 

range (Modified from Masselink and Short, 1993) 

3.5 CONCLUSION 

The literature study discussed methods of classifying beach morphodynamic types. The 

coarsest sediment is common at the breakpoint while finer sediment is found closer to the 

foredunes and backshore and toward the lower foreshore (Mason and Folk, 1958;  

Fox et al., 1966). According to Komar (1976) in Pethick (1984), “beaches exposed to high-

energy waves tend to have larger grain sizes than beaches exposed to low-energy waves”. 

Mather et al. (2011) found that mild slopes commonly have wider surf zones so more incident 

wave energy is dissipated, while more incident wave energy reach the shoreline when the 

slope is steep. It can be concluded from empirical beach data that the beach slope increases 

with an increase in grain size and decreases with an increase in wave energy  

(Wiegel, 1964 and Komar, 1976). 

Reis and Gama (2009) concluded from beach surveys done along the Southwest Portuguese 

Atlantic coast that for the same wave height, the equilibrium beach face slope increased with 
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sand grain size and with increasing wave height, the beach face slope decreased, therefore 

becoming more dissipative. Coelho et al. (2009) investigated Areão Beach, on the north-

western coast of Portugal and it was found that the beach slope increases when the grain 

size increases and the wave height decreases, which is also in accordance with Reis and 

Gama (2009) and Komar (1976). According to Rijn et al. (2001), smaller grain sizes occur on 

the upper beach and larger grains occur in the intertidal zone and on energetic beach areas.  

The percolation of wave uprush increases and the backrush volumes decrease as the grain 

size increases, resulting in steeper beaches (Waddell, 1973). Theron (2016) calculated the 

mean inshore slope (15 m below MSL) along the South African coast as 0.0176 (1:57). The 

steepest inshore slopes are located at headlands and rocky areas, while the mildest are 

located along sandy shores, pocket beaches and within bays (Theron, 2016). 

Rossouw (1989) found that wave heights offshore, along the south-west and south coasts, 

up to Port Elizabeth, display virtually identical significant wave height and peak period. Peak 

periods range mostly between 9 s and 16 s, with a median of 12.5 s. The wave height and 

wave peak period gradually decrease northwards up the west and east coasts  

(Rossouw, 1989). Theron (2016) concluded that the mean extreme 1-in-10-year significant 

wave height along the South African coast is 5.6 m. The highest wave climates are found in 

temperate zones where strong ocean storms occur (Joubert and Van Niekerk, 2013) and at 

exposed areas situated south, like at Algoa Bay to St Helena Bay (Theron, 2016). Smaller 

waves occur along the west coast and east coast towards the north (Theron, 2016). Waves 

approach the west and south coasts from south-westerly directions, the south west coast 

from a westerly to south-easterly direction, the south east coast from a westerly to northerly 

direction, the east coast mostly from a southerly direction and the north east coast from an 

easterly direction (Theron, 2016). 

According to more than 20 years of wind data from the Hydrographic Office (1994),  

Port Nolloth has the lowest mean wind speed and Cape Point has the highest wind speed. 

Tidal currents are found to be fairly low along the coast of South Africa, except at estuary or 

lagoon mouths and at port and harbour entrances, where tidal flows are constricted  

(Theron, 2016). The tidal levels along the South African coast do not differ significantly and 

are quite constant (SANHO, 2012). The dominant tide is semidiurnal. The tidal range 

(between high and low water) can differ from about 2 m during spring tide to 0.5 m during 

neap tide. According to Searson and Brundrit (1995), spring high tides occur “within 50 

minutes at all stations around the coast, providing generally weak tidal currents”. 
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4. SITE DESCRIPTIONS 

Study locations were selected to “represent” each coastal region of South Africa and were 

chosen based on the availability of coastal geophysical data and wave data. Table 9 lists the 

study sites selected and Figure 16 shows the position map of these locations. Study sites 

within each study location were selected to “represent” the beach section investigated. The 

coastal characteristics (i.e. sand grain size, beach and surf zone widths, beach slope, beach 

exposure and beach type) and the nearshore physical coastal processes (i.e. wave climate) 

were determined at these study sites. 

Table 9: Coastal regions of South Africa 

 

 

Figure 16: Positions of study locations (Adjusted from Google Earth, 2015) 
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4.1 WEST COAST 

The West Coast of South Africa is affected by the northbound Benguela Current and is 

exposed to the South Atlantic Ocean. Saldanha Bay and Jakkalsfontein were selected to 

“represent” the West Coast. The coastline on the West Coast is very diverse – characterised 

by sandy and rocky beaches and mountainous areas (Coastal zone, n.d.). One of the main 

river systems on the southern West Coast, the Olifants River, flows into the Atlantic Ocean at 

Papendorp, situated north of Strandfontein.  

Saldanha Bay 

Saldanha Bay is located a little more than 100 km north-west of Cape Town. Saldanha Bay is 

situated between the Berg River mouth in the north-east and the West Coast National Park 

(Langebaan) in the south. The Bok River mouth is situated north of the iron ore jetty in 

Saldanha Bay. Saldanha Bay is the only deep-water port on the west coast of South Africa 

and is considered as the main iron ore export harbour of South Africa. Saldanha Bay has a 

total area of about 9.61 x 107 m2, of which Small Bay takes up 15%, Big Bay 45% and the 

Langebaan Lagoon the remainder (CSIR, 1996). Big Bay connects with Langebaan Lagoon 

to the south (right) and the South Atlantic Ocean to the west. The bay consists of oil, general 

cargo and multipurpose quays. Table 10 shows the coordinates of the nine sites where 

sediment samples were collected by the CSIR in July 1995. Sites S7 and S9 were not 

considered to be applicable as sandy beach systems because the nature of their locations 

appeared too rocky. 

Table 10: Positions of sites in Saldanha Bay 

 

Figure 17 shows the positions of the study sites in Saldanha Bay. Sites S1 to S3, and S6 and 

S8 are more protected from incident waves due to the positions of a spending breakwater on 

the northern side of the bay (enclosing Small Bay) and another breakwater on the southern 

side seaward of the multipurpose quay. The headlands and breakwaters cause the waves to 
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refract and dissipate energy as they approach some parts of the shoreline. The Langebaan 

and North Head headlands also offer protection to the bay from wave action.  

 

Figure 17: Map of Saldanha Bay study sites (Adjusted from Google Earth, 2015) 

Figure 18 shows the view of a beach in Saldanha Bay. 

 

Figure 18: Beach at Saldanha Bay (Google Earth, 2015) 
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Jakkalsfontein 

Jakkalsfontein is situated on the Cape West Coast of South Africa and the study site is 

located between Melkbosstrand and Yzerfontein, shown in Figure 19. The Dwars River 

mouth is located close to the beach section studied at Jakkalsfontein. The 4 km long 

coastline at Jakkalsfontein was assessed as part of a feasibility study by CSIR (1990). It was 

found that the beach strip is considerably uniform, although the beach width and beach slope 

vary, being slightly wider and flatter towards the south and narrower and steeper towards the 

north of the Jakkalsfontein coastline. The long sandy beaches along this coastline are very 

exposed to high-energy waves, with little protection from wave attack. Wave breaking is 

irregular (possibly due to rocky reefs or sand bars) and longshore currents and rip currents 

are reflected as beach cusps (when beach sediment forms in arc patterns - altering the 

beach configuration). The CSIR (1990) identified no rocks along the shore although 

submerged rocky reefs may feature in the surf zone.  

 

Figure 19: Locality map of Jakkalsfontein (Adapted from CSIR, 1990) 
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The positions of the beach profiles along the Jakkalsfontein coastline is shown in Figures 20 

and 21. 

 

Figure 20: Beach profiles 1‐18 at Jakkalsfontein (Adapted from CSIR, 1990) 

 

Figure 21: Beach profiles 18‐28 at Jakkalsfontein (Adapted from CSIR, 1990) 
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Figure 22 shows a typical beach at Jakkalsfontein. 

 

Figure 22: Beach at Jakkalsfontein (Google Earth, 2015) 

4.2 SOUTH-WEST COAST 

The South-West Coast is affected by the Benguela Current and exposed to the South 

Atlantic Ocean. Table Bay and False Bay were selected to “represent” the South-West 

Coast. Cape Algulhas is the southernmost point in Africa and the place where the Atlantic 

Ocean ‘ends’ and the Indian Ocean ‘starts’. The coastline on the South-West Coast is also 

very diverse, characterised by sandy and rocky beaches.  

Table Bay 

Table Bay is a natural bay and is situated north of Green Point, with Cape Town located in 

the southern part of the bay. The Diep River flows through the Rietvlei wetland and Milnerton 

Lagoon. The bay is curved and faces westward towards the Atlantic Ocean. Table Bay 

harbour is the oldest commercial port in South Africa. Green Point and breakwaters at Cape 

Town harbour shelter the bay in the south from predominant south-westerly swells. The 

northern part of Table Bay is more open and exposed. 

Soltau (2009) collected sediment samples at four sample lines (A to D) along Table Bay 

between September 2005 and September 2006 in order to obtain data from beaches with 

different wave and grain size characteristics. Figures 23 and 24 show the positions of Lines 

A to D and the GIS points which were assigned by the author to each line in order to 

determine the average beach and surf zone widths. Line A was located on the southern part 
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of Table View Beach (in the northern part of Table Bay), Line Bon Sunset Beach, Line C on 

Milnerton Beach and Line D at the south of the Diep River mouth. 

 

Figure 23: Bathymetry of Table Bay and position of sampling lines (Adapted from Soltau, 2009) 

 

Figure 24: Map of study sites in Table Bay (Adjusted from Google Earth, 2015) 
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Line A is the most exposed site to wave action and Line D the most sheltered site, due to the 

headland and breakwater at Cape Town. A beach step, located at about -1 m to MSL at  

Line A, causes strong collapsing and surging breakers. Waves that reach Line A are 

reflected from the steep beach face slope at high tide. Line B faces west and is less exposed 

to wave action than Line A due to its concave beach profile. A beach step is not visible at 

Line B, although beach cusps were observed. Large pebbles and cobbles are also visible on 

the beach at Line B, which can form a berm at the run-up limit. Collapsing and plunging 

breakers and large beach cusps occur at Line C. D has a more linear beach profile than the 

concave beach profiles at Lines B and C, as the wave energy is less (the wave height is the 

smaller). 

Figures 25 to 28 show photos of the beaches at Lines A to D. 

 

Figure 25: Photos of Line A in Table View (Soltau, 2009) 

 

Figure 26: Photos of Line B in Sunset Beach (Soltau, 2009) 
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Figure 27: Photos of Line C in Minerton (Soltau, 2009) 

 

Figure 28: Photos of Line D south of the Diep River Mouth (Soltau, 2009) 

False Bay 

False Bay is the largest natural bay in South Africa and one of the great bays of the world. 

False Bay is orientated to the south, as shown in Figure 29. The beaches of False Bay are 

embayed by Cape Hangklip on the east and Cape Point on the west. The Eerste River flows 

into the South Atlantic Ocean and river mouth is situated on the section of coastline 

investigated at False Bay. 
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Figure 29: Location map of False Bay (Adjusted from Google Earth, 2015) 

The National Research Institute for Oceanology studied the physical environmental 

characteristics of beaches situated between Gordons Bay and Macassarstrand along the 

north-eastern False Bay coastline during June 1985, as shown in Figure 30 (CSIR, 1987). A 

total of 166 beach profiles were surveyed along the north-east False Bay coast in intervals of 

about 100 m, but only 25 profiles were considered in this thesis, based on the availability of 

grain size and location (preferably on sandy beaches). It is noted and acknowledged that this 

part of the coastline was surveyed just more than 30 years ago, and the data can be 

considered quite old and outdated, but the availability of recent data is scarce. The study can 

still be considered useful because although a few sites at False Bay have changed over time 

due to the construction of infrastructure (mostly at a few sites in Strand and Gordons Bay), 

the beach sections considered along the rest of the north-eastern coast (apart from a few 

sites in Strand and Gordons Bay) remained stable over time (no long-term changes) due to 

an unchanged long-term wave climate and sediment budget.  
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Figure 30: Location map of study sites along the north‐eastern False Bay coastline (CSIR, 1987) 

The known locations for the surveyed beach profiles are listed in Table 11. Note that the 

regions are listed from east to west along the north-eastern False Bay coastline.  

Table 11: Locations of studied beach profiles in False Bay (Adjusted from CSIR, 1987) 
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A few rocky outcrops can be found on the south-western side of region AA, which is relatively 

wide. Region BB has two small narrow beaches situated between rocky areas. Region CC 

has a sandy beach with moderate wave action and rocky areas are found near the Sir 

Lowry’s River mouth. The wave action in regions DD, EE, FF, GG, HH, II and KK are also 

moderate. The beach widths are quite narrow in these regions. Rocky areas are found on 

both sides of the beach section (generally wide) and in the surf zone in region JJ. The wave 

action is not strong in regions LL, MM, NN and OO. The wave heights are larger and the 

beach slopes are steeper in regions PP, QQ, RR, UU and VV than in regions AA to OO 

because these regions are more exposed and situated further from the eastern headland. 

The wave action at regions SS and TT is quite strong, although the wave action decreases at 

low tide due to the slope becoming milder below MSL (CSIR, 1987). 

4.3 SOUTH COAST 

The South Coast of South Africa is affected by the Algulhas Current and exposed to the 

Indian Ocean. Mossel Bay was selected to “represent” the South Coast. The Breede River 

flows into the Indian Ocean at Wits and, located west of Mossel Bay. 

Mossel Bay 

Mossel Bay is located in the lee of the headland Cape St. Blaize, and forms part of the Eden 

District Municipality (Hugo, 2013). The Gouritz River mouths at Gouritsmond, near Mossel 

Bay. Mossel Bay is exposed to easterly swells of the Indian Ocean. Rocky outcrops east of 

Glentana bound the eastern part of the bay. Seal Island is located just south of Hartenbos in 

the western corner of the bay, in the lee of Cape St. Blaize. Three study locations were 

chosen to represent Mossel Bay, namely Profile 2 just south of Hartenbos, Hartenbos and 

the region between Great Brak River and Glentana, referred to as Duin and See.  

Profile 2 

As part of a numerical study by Hugo (2013), the cross-shore profiles at 8 positions along the 

western coastline of Mossel Bay were compiled from available bathymetry data supplied by 

SANHO. Only Profile 2 is considered is this thesis due to a lack of information regarding the 

other profiles. Profile 2 is located in the lee of Cape St. Blaize on the western side of the bay, 

near Dias Beach, just south of Hartenbos. Figure 31 shows the position map of Profile 2 in 

Mossel Bay. 
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Figure 31: Position of study site at Profile 2 in Mossel Bay (Adjusted from Google Earth, 2015) 

Hartenbos 

Hartenbos is situated in the western part of Mossel Bay. Hartenbos River mouth is located 

just north of the beach section studied in Hartenbos. WSP Africa Coastal Engineers studied 

the site at Hartenbos on 3 August 2013 during low tide to determine the beach 

characteristics (Schoonees and Jacobs, 2013). The position map of the study site is shown 

in Figure 32. The shoreline at the study site has a south-south-west and north-north-east 

orientation. The beach section is generally sandy while the nearshore seabed is sandy, 

mixed and rocky. Rocky outcrops can be found in the surf zone. The coastline of Hartenbos 

is partially protected from incident waves by the western headland, Cape St. Blaize 

(Schoonees and Jacobs, 2013).  
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Figure 32: Study site in Hartenbos, Mossel Bay (Adapted from Schoonees and Jacobs, 2013) 

The CSIR determined the grain size distributions of sand samples collected at three locations 

- two samples on the wetted beach and one sample on the frontal dune. However, only 

samples H1 and H2 on the wetted beach are considered in this thesis as the emphasis is on 

sandy beaches. Sample H1 was collected on the beach just north-east of the commercial 

building and Sample H2 was collected opposite the swimming pool building, as seen on 

Figure 33. 

 

Figure 33: Positions of sample sites at Hartenbos (Adapted from Schoonees and Jacobs, 2013) 
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Figure 34 shows the beach close to the ATKV Resort in Hartenbos. 

 

Figure 34: Beach at Hartenbos (ATKV Hartenbos Beach Resort, 2015) 

Duin and See 

Great Grak River and Glantana are situated to the eastern side of Mossel Bay. The study site 

between these locations is more specifically situated between Hersham and Pienaarstrand, 

as shown in Figure 35. The site has a 480 m beach strip orientated from east to west. This 

site was studied by WSP on 23 November 2011 during spring low tide, to determine the 

beach characteristics (Schoonees and Le Roux, 2012). 

 

Figure 35: Location of study site in eastern part of Mossel Bay 

(Adapted from Schoonees and Le Roux, 2012) 
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The beach section is overall flat with steep landward frontal dunes, as shown in Figure 36, 

although steeper slopes occur in some areas. Mega cusps and ridges also occur at the site. 

Duin and See is more exposed to incident waves (from a south-south-westerly direction) than 

Hartenbos, as its coastline is more open and linear. 

 

Figure  36:  Flat  beach  with  steep  frontal  dune  between  Great  Brak  River  and  Glentana  in  

Mossel Bay (Adapted from Schoonees and Le Roux, 2012) 

WSP collected three sand samples (S1 to S3) on the wetted beach and one sample on the 

frontal dune to determine the grain size distribution (Schoonees and Le Roux, 2012). Sample 

S1 was collected on the western boundary, sample S2 near the centre of the site and S3 

along the eastern boundary. The sand on the wetted beach and frontal dune are classified as 

medium. Only samples S1 to S3 are considered further in the thesis as the emphasis is on 

sandy beaches. The positions where the samples were taken are shown in Figure 37. 

 

Figure 37: Positions of sample sites at Duin and See (Adapted from Schoonees and Le Roux, 2012) 
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4.4 EAST COAST 

The East Coast of South Africa is affected by the Algulhas Current and is exposed to the 

Indian Ocean. Orient Beach in East London and Algoa Bay (both on the South-East Coast), 

beach profiles along the KwaZulu-Natal south coast and Richards Bay were selected to 

“represent” the East Coast. These study locations were selected based on the availability of 

coastal geophysical data. The shoreline of the southern East Coast is mostly rocky, with the 

occurrence of interspersed beaches, while the northern East Coast is typically characterised 

by sandy beaches, thickets and ravines (Palmer et al., 2011). The Tugela River flows from 

the west to the east (from the Drakensberg into the Indian Ocean on the Dolphin Coast).  

Algoa Bay 

Algoa Bay is a wide, log-spiral shaped bay stretches for 80 km in an east-westerly direction 

and 40 km in a southerly direction (Bremner, 1983). The bay is bounded by headlands Cape 

Recife in the west and Cape Padrone in the east. Port Elizabeth harbour and Port of Ngqura 

are situated on the leeward side of the Cape Recife headland. The two large river systems in 

Algoa Bay are Swartkops River and Sundays River. Beach profiles selected in Algoa Bay 

include King’s beach, Swartkops River, Port of Ngqura, Sundays River and eastern Algoa 

Bay. The layout of the bay and the study locations are shown in Figure 38. 

 

Figure 38: Positions of study locations in Algoa Bay (Adjusted from Google Earth, 2015) 
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The positions of beach profiles S1 to S5 and N1 to N4 west and south of Port of Ngqura are 

shown in Table 12 and shown in Figure 39. Only profiles S1 to S5 are investigated as mixed, 

sandy and rocky shores occur at profiles N1 to N4 (north of Port of Ngqura) and geophysical 

beach data are limited for these profiles. 

Table 12: Positions of beach profiles surveyed at Port of Ngqura (Rutherford, 2015) 

 

 

Figure 39: Position map of surveyed beach profiles at Port of Ngqura (Rutherford, 2015) 

The coast of Algoa Bay is dominated by coastal dunes, which are shaped by the dominant 

south-west wind. A rocky reef is found in the south-western section of the bay around Cape 
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Recife. The sandy beaches between Cape Recife to Port Elizabeth Harbour are generally 

narrow and the beaches at Pollock and King’s Beach are wider (Theron, 2014). The beaches 

between PE Harbour and New Brighton is protected against erosion by placements of dolos 

armouring along the shoreline. The beaches northward of the Swartkops River and south of 

Port of Ngqura classify as intermediate sandy beaches with transverse bars and rip currents 

(Theron, 2014). Rocky reefs occur adjacent to Port of Ngqura (Carter, 2006). The coastline 

adjacent to Port of Ngqura on the south-western side is mostly sandy while the coastline east 

of Port of Ngura to the Sundays River mouth is sandy with the presence of cobbles (mostly 

along the western part of this long stretch of coastline). The beach widths generally become 

wider towards the river mouth. Eastern Algoa Bay is characterised by intermediate sandy 

beaches (Carter, 2006). The widespread dune field Alexandria is situated between the 

Sundays River mouth and the eastern boundary of eastern Algoa Bay. 

East London 

The city of East London was built around the Buffalo River that flows into the Indian Ocean at 

the East London Harbour. The coastline of East London is oriented to the north-east and is 

generally quite rocky. East London is exposed to predominant waves from a southerly to 

north-easterly direction (Theron, 2004). The coastline of East London is open due to no 

headlands providing protection from swells, and is therefore considered as an exposed high-

energy coast. Orient Beach was selected as the study location to represent East London, 

based on data availability and as it is a smooth strip of sandy beach. Orient Beach is situated 

in the lee of the main breakwater at the East London Harbour, on the north-eastern side of 

the harbour as shown in Figure 40. Orient Beach stretches for about 175 m (upper beach) to 

220 m (lower beach). Rocky outcrops occur at the north-eastern side of the beach. Orient 

Beach is exposed to easterly waves and protected from south-westerly wave conditions. 
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Figure 40: Position of Orient Beach (Adjusted from Google Earth, 2015) 

Figure 41 shows a photo of Orient Beach in East London. 

 

Figure 41: Photo of Orient Beach in East London (Adjusted from Google Earth, 2015) 

KwaZulu-Natal south coast 

The Coastal Engineering and Hydraulics Division of the National Research Institute for 

Oceanology carried out beach surveys at 89 beach sections along the upper KwaZulu-Natal 

south coast (Durban to Scottburgh) and the lower KwaZulu-Natal south coast (Scottburgh to 
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the southern border of KZN) during the period 1970 to 1975. The surveyed beach sections 

along the 160 km of coastline were evaluated to establish the physical properties of the 

beaches. A minority of the beaches surveyed are characterised by large beach widths and 

mild beach slopes, and an equal amount of beaches are either characterised by moderate 

beach widths and moderate beach slopes or narrow beach widths and steep beach slopes 

with coarse sand (CSIR, 1976). 

Figures 42 shows the position map for the beach sections of the upper and lower KwaZulu-

Natal south coast (CSIR, 1976).  
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Figure 42: Position map for beach sections along a) Upper Natal South Coast b) Lower Natal South Coast (Adapted from CSIR, 1976)
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Richards Bay 

Richards Bay is situated adjacent to a 30 km2 lagoon of the Mhlatuze River and is located 

about 160 km north-east of Durban. The Richards Bay Harbour is one of the largest harbours 

in South Africa (Africa and Accommodation, 2016). The wave climate and geophysical 

parameters (beach and surf zone widths, grainsizes and beach slopes) were obtained from 

Soltau and Theron (2006). Figure 43 shows the positions of the study sites selected to 

represent Richards Bay along the northern and southern coastlines north and south of the 

northern breakwater at Richards Bay Harbour. 

 

Figure 43: Map of locations in Richards Bay (Adjusted from Google Earth, 2015) 

Figure 44 shows a view of a beach in Richards Bay.  

 

  Figure 44: Photo of a beach at Richards Bay (Google Earth, 2015)   
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4.5 CONCLUSION 

Coastal areas were selected along each coastal region in South Africa in order to generally 

characterise the South African coastline. These locations are not considered to be 

representative of the entire South African coast as the selection of the specific sites is 

dependent on the availability of physical beach and wave data. Study locations selected to 

“represent” the West Coast are Saldanha Bay and Jakkalsfontein. Table Bay and False Bay 

are chosen to be representative of the South-West Coast and Mossel Bay is selected to 

“represent” the South Coast. East London and Algoa Bay are selected to “represent” the 

southern East Coast, and the KwaZulu-Natal south coast and Richards Bay are selected to 

“represent” the northern East Coast. The northern East Coast hosts two of the major 

harbours in South Africa, namely the Port of Richards Bay and the Port of Durban.  

 

 

 

 

 

 

 

 

 

 

 

 

 

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



59 

 

5. PHYSICAL PROCESSES AT SELECTED COASTAL AREAS IN 
SOUTH AFRICA 

5.1 WAVES 

5.1.1 BACKGROUND 

Waves can be defined in terms of wavelength, wave height, wave period, wave direction and 

wave celerity. Various drivers, like wind and the presence of currents, breakwaters, reefs, 

headlands and small islands can influence wave direction. Ocean waves are irregular and 

consist of superimposed waves with different frequencies. Statistical parameters to describe 

wave conditions are: 

 

Waves primarily determine how beaches look and play a crucial role in determining the 

sediment dynamics in shallower water and in shoreline geomorphology 

(Geology.uprm.edu, 2016). During summer, waves move sediment up the beach face, 

creating swash bars and berms. This process is called swash. During winter, waves transport 

the sediment seawards potentially creating longshore bar/s, in a process called backwash. 

Strom waves (high and steep) can flatten (tear down) beaches, whereas small (and low-

amplitude) waves build up beaches. Water particle-friction takes place as on the ocean floor 

as waves approach the shoreline, minimising wave energy. Thus, the wave power density is 

directly proportional to the water depth (Manoa.hawaii.edu, 2016).  

Two types of waves in terms of cross-shore erosion/accretion include constructive waves 

and destructive waves. Figure 45 shows an illustration and description of a constructive and 

a destructive wave. 
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Figure 45: Features of constructive and destructive waves (Coolgeography.co.uk, 2016) 

Surf zone waves 

The surf zone is the region extending from the seaward boundary of wave breaking to the 

limit of wave uprush. Waves approaching the coast increase in steepness (H/L) as water 

depth decreases, wavelength decreases and wave height increases. When the wave 

steepness reaches a limiting value, the wave breaks, dissipating energy, inducing nearshore 

currents and an increase in mean water level. Wave patterns include converging waves, 

diffracted waves, parallel waves, radiating waves, reflected waves and refracted waves 

(Manoa.hawaii.edu, 2016). The surf similarity parameter () defines the breaker type and 

beach type, which is determined in Chapter 6.5. Breaker types include spilling, plunging, 

collapsing and surging and is illustrated in Figure 46. 

 

Figure 46: Breaker types (Breaker types, n.d.) 
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Spilling breakers can be caused by onshore winds and occurs when the wave crest becomes 

unstable resulting in water spilling down the face of the wave as the wave moves towards the 

shore (thus the wave energy dissipates). Plunging breakers occur when the seafloor is 

uneven due to reefs, sandbars or change in water depth, resulting in a steep wave crest. The 

wave twists and drops onto the wave trough, resulting in the wave suddenly releasing most 

of its energy (thus crashing). Collapsing waves occur when the bottom face of the wave 

steepens. The wave crest does not break completely and the wave collapses. Surging 

breakers occur where mild, long period waves move smoothly and rapidly up the (steep) 

beach slope, eventually disappearing.  

Real-time wave data 

The CSIR in Stellenbosch, on behalf of Transnet, continuously monitors real time wave 

climates around the South African coast. Measuring instrumentation for surface waves 

includes (Wavenet.csir.co.za, 2016): 

1. Surface wave rider buoy, GPS 3DBuoy and Wave monitor 

2. Wave gauges (bottom-mounted water pressure sensor) 

3. Bottom-mounted Acoustic Doppler Current Profiler (ADCP) 

4. Land/platform based high frequency radar 

5. Satellite radar 

Online data for waves, weather and currents are updated hourly for Saldanha Bay, Table 

Bay, Cape Point/FA Platform, False Bay, Mossel Bay, Port Elizabeth, Port of Ngqura, East 

London, Durban and Richards Bay. 

South Africa Wave Summary 

Long period, 2 m high swells dominate the South African coast. Waves of up to 8 m can be 

expected at least once along the South African coast during winter. These storms approach 

mostly from the westerly and south-westerly sectors (Rossouw et al., 2013). The wave period 

along the South African coast is typically in the range of 8 s to 16 s, although the wind can 

generate waves with maximum peak periods of up to about 25 s (DWAF, 2004). Statistically 

significant wave heights exceed 4 m ten percent of the time and reach 8 m annually in deep 

water along most of the South African coast (Mather and Theron, n.d.). Theron (2016) 

assumed that there would be a 6-10% increase in wave height by the year 2100. 

 

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



62 

 

5.1.2 SUMMARY OF WAVES AT STUDY LOCATIONS 

Rossouw (1989) determined the design wave conditions for the South African coast to 

describe the wave patterns along the coast and broaden the existing knowledge regarding 

these patterns. The emphasis in this thesis is on the nearshore wave climate at the 

representative study locations of each coastal province in South Africa. This section gives a 

summary of the offshore and nearshore wave climate at these study sites. As mentioned in 

Chapter 3.3.2, Rossouw et al. (2014) determined the nearshore wave climate at -15 m to 

MSL for different return periods at various locations along the South African coast. These 

wave heights, for a one-year return period, were adjusted according to Rossouw (1989) in 

Table 1 to obtain the mean nearshore significant wave heights at the study locations. The 

mean nearshore significant wave height was obtained by multiplying the significant wave 

height (for a 1-year return period) at -15 m to MSL at each study location by the average 

significant wave height from Rossouw (1989) and dividing it by the significant wave height for 

a return period of 1 year from Rossouw (1989). Equation 1 in Chapter 2 illustrates the above-

mentioned method. If a specific study location was not given in Rossouw (1989), the nearest 

station was chosen to represent that location.  

The deep-sea significant wave heights were required to determine the breaker wave heights 

at each study location. The equivalent mean deep-sea significant wave height was derived 

from the nearshore significant wave height at -15 m, according to the methodology set out in  

Chapter 2. The breaker wave heights are required to determine the Iribarren number (for the 

classification of beach types) at the study locations (covered in Chapter 6.5). It was assumed 

that the waves break perpendicular to the shore and therefore no refraction took place 

(refraction coefficient equal to 1). The breaker index was assumed as 0.78, as theoretically 

determined by McCowan (1891). This value is commonly used in the engineering practice as 

a first estimate of the breaker index.  

Saldanha Bay 

“Offshore” wave conditions 

Saldanha Bay has a dominant southerly to south-westerly wave direction, as seen on 

Figures 47 and 48. According to 15 years (1981-1995) of “Waverider” buoy data at Saldanha 

Bay, almost 90% of significant wave height measurements range from 0.5 m to 2 m and 73% 

wave period measurements fall in the range of 10.7 s to 13.5 s (CSIR, 1996). Table 13 

contains the wave heights exceeded for each season from CSIR (1996). It can be concluded 
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that the most frequent occurring (about 80%) wave directions range from 200°N (SSW) to 

240°N (WSW).  

Table 13: Seasonal differences in wave heights for Saldanha Bay from 1981 to 1995  

(Adjusted from CSIR, 1996) 

 

Figure 47 shows the directions of waves entering Saldanha Bay and Figure 48 plots the 

occurrences of the offshore wave directions.  

 

Figure 47: Saldanha Bay deep‐sea wave directions (Adapted from CSIR, 1996) 
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Figure 48: Saldanha Bay deep‐sea wave direction occurrence (Adapted from CSIR, 1996) 

Nearshore wave conditions 

Southerly and westerly waves are diffracted around the headlands and energy levels are 

reduced by the time the waves reach the shoreline. West-south-westerly and south-westerly 

waves are not diffracted considerably as they enter the bay and therefore the energy levels 

are higher for these wave directions (CSIR, 1996). The nearshore significant wave heights 

for Saldanha Bay could not be obtained. The average dominant wave direction in Big Bay is 

245° (WSW). Incoming deep-sea waves are restricted by the southern breakwater in Small 

Bay and do not approach study sites S1-S3 at the same heights than compared to the other 

study sites (due to a loss of wave energy). More specifically, study site S4 is exposed to 

south-westerly waves, S5 is exposed to west-south-westerly waves and S6 and S8 are 

mostly exposed to westerly waves. These wave directions can change depending on the 

weather (i.e. in the event of a storm) and the presence of rip currents. 

Breaking wave conditions 

Table 14 shows the estimated breaking wave heights at the study areas in Big Bay in 

Saldanha Bay as derived here from CSIR (1996). The breaker heights for S1 to S3 in Small 

Bay could not be obtained. 

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



65 

 

Table 14: Breaking waves at Saldanha Bay 

 

Jakkalsfontein 

Offshore wave conditions 

The deep-sea distribution of wave direction has previously been estimated by clinometer 

observations at Saldanha to the north (CSIR, 1973) and by radar/DOSO readings taken at 

Koeberg to the south (Rossouw, 1984). The study site is approximately half-way between 

these two stations, and therefore the incident wave direction can be considered to be  

south-south-westerly to west-south-westerly with an occurrence of more than 90%. Table 15 

shows the offshore wave directions and frequency of occurrence of these directional 

observations (CSIR, 1990). 

Table 15: Wave directional data of Saldanha and Koeberg (Adjusted from CSIR, 1990) 

 

Wave climate 

No nearshore wave measurements are available at Jakkalsfontein. Table 16 shows the 

nearshore wave climate at -15 m (MSL) determined at the study areas in Jakkalsfontein. The 

significant wave height for a return period of one year decreased with a factor of 2.97 to give 

the mean nearshore significant wave height. The average nearshore significant wave height 

at -15 m to MSL is about 1.8 m, with an average wave period of 14 s and an average wave 

direction of 226°. The dominant wave direction is south-westerly, although west-south-
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westerly waves can also approach the shore. The wave direction is overall quite consistent 

due to the fact that the investigated beach section is situated on an open coastline and there 

are no headlands or breakwaters shifting the waves in various directions. The wave heights 

are also overall constant due to this reason. 

Table 16: Wave climate at Jakkalsfontein 

 

Breaking wave conditions 

Waves approaching the coastline of Jakkalsfontein are mainly plunging breakers with 

variable wave directions and breaking points. Table 17 shows the estimated breaking wave 

heights calculated at the study areas in Jakkalsfontein.  
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Table 17: Breaking waves at Jakkalsfontein 

 

Table Bay 

Offshore wave conditions 

According to Soltau (2009), the offshore wave climate at Table Bay is swell dominated with a 

wave period in the range of 10-14 s, an average annual deep-sea significant wave height of  

2.2 m and a dominant south-westerly wave direction. The annual storm significant wave 

height is found to be roughly 8 m.  

Wave climate 

Because the bay is partially sheltered and the beaches are not too exposed, the nearshore 

wave conditions for Table Bay are significantly smaller than offshore wave conditions.  

Table 18 shows the nearshore wave climate at -15 m (MSL) determined at the study areas in  

Table Bay. The significant wave height for a return period of one year decreased with a 

factor of approximately 3.7 to give the mean nearshore significant wave height. The average 

nearshore significant wave height is about 0.92 m, with an average wave period of 12.8 s 
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and an average wave direction of 267°. The dominant wave direction is W-WSW. Line A and 

B are situated adjacent to each other on a generally open and curved coastline, and 

therefore the wave directions are similar. The bay becomes more curved towards Line C and 

D. Waves diffract around Robben Island, situated north, causing the waves to approach Line 

D from a west-north-westerly direction. 

Table 18: Wave climate at Table Bay 

 

Breaking wave conditions 

Table 19 shows the estimated breaking wave heights calculated at the study areas in Table 

Bay.  

Table 19: Breaking waves at Table Bay 

 

False Bay 

Wave climate 

The nearshore wave climate along the north-east False Bay coast was determined by the  

CSIR (1987) with the use of “Waverider” buoy data of one year (at 22 m), VOS data of 20 

years (offshore) and VISKOR wave measurements of one year (1968-1969) in 8.5 m water 

depth. The significant wave height exceedance curves were based on the “Waverider” 

measurements. The VOS data had to be converted into equivalent “Waverider” data by 

applying relationships from Nicholson (1985): 

Equation 13 

H Waverider 1.0 0.8H  
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Equation 14 

T Waverider 6.0 T .  

For each offshore VOS observation, the corresponding nearshore wave height (at 22 m) was 

calculated. Table 20 shows the distribution of significant wave heights at Gordons Bay, 

obtained from VISKOR (1973). It can be seen that the most common (50% occurrence) wave 

height is in the range of 0.25 - 0.5 m and waves with heights of 0.5 - 0.75 m occur 28% of the 

time. 

Table 20: Significant wave height distribution at Gordons Bay (VISKOR, 1973) 

 

VOS data for one year was converted to equivalent “Waverider” data, as shown in Table 21. 

Table 21: Significant wave height distribution for VOS data from 1968‐1969  
(Adjusted from CSIR, 1996) 

 

Table 22 shows the nearshore wave climate at -15 m (MSL) determined at the study areas in 

False Bay. The significant wave height for a return period of one year decreased with a factor 

of approximately 3 to give the mean nearshore significant wave height. The average 

nearshore significant wave height is about 1.16 m, with an average wave period of 12.8 s 

and an average wave direction of 213°. The dominant wave direction is SW-SSW. The study 

sites situated on the linear coastline between Strand and Gordon’s Bay are exposed to 

south-south-westerly waves. The bay becomes more curved towards the east and waves 
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approach this section of the shoreline from south-south-westerly and west-south-westerly 

directions. 

Table 22: Wave climate at False Bay 

 

Breaking wave conditions 

Table 23 shows the estimated breaking wave heights calculated at the study areas in False 

Bay.  
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Table 23: Breaking waves at False Bay 

 

Mossel Bay 

Offshore wave conditions 

Mossel Bay is located on the south-western coast of South Africa, which is included in the 

region where the most severe wave conditions occur (Hugo, 2013). Figure 49 shows the 

wave rose compiled by Hugo (2013) for the location approximately 85 km south of Cape St. 

Blaize from a ten-year (1997-2008) dataset. The dominant wave direction is south-westerly. 
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Figure 49: Wave rose from offshore data (Adapted from Hugo, 2013) 

Wave climate 

Hugo (2013) set up a numerical model to provide an accurate year-averaged wave climate at 

the 10 m contour inside Mossel Bay, which was compared to the data measured from the 

“Waverider” buoy inside the bay. Wave climates were assembled statistically from a  

long-term dataset of ten years, but “Waverider” measurements however, were based only on 

one year. The data shows that offshore waves approach predominantly from westerly and 

easterly directions. Tables 24 and 25 contain the model output of the wave climate and the 

measured data at the “Waverider” buoy location respectively. The overall comparison is 

good. More than half of all the waves occur within the 0.5-1.5 m wave height and 10-14 s 

period ranges. 
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Table 24: Occurrence table of nearshore wave measurements from ‘Waverider buoy’ (Hugo, 2013) 

 

Table 25: Occurrence table of calculated nearshore wave conditions from SWAN (Hugo, 2013) 

 

Table 26 shows the nearshore wave climate at -15 m (MSL) determined at the study areas in 

Mossel Bay. The significant wave height for a return period of one year decreased with a 

factor of approximately 3 to give the mean nearshore significant wave height. The average 

nearshore significant wave height is about 1.27 m, with an average wave period of 9.55 s 

and an average wave direction of 133°. The dominant wave direction is south-easterly. 

Profile 2 and the study sites at Hartenbos are exposed to east-south-easterly waves and the 

study sites from Klein Brak to Great Brak are mostly exposed to south-south-easterly waves. 

Profile 2 is situated in the lee of Cape St. Blaize and therefore protected against southerly 

waves. Klein Brak and Great Brak are more exposed to southerly swells.  
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Table 26: Wave climate at Mossel Bay 

 

Breaking wave conditions 

Table 27 shows the estimated breaking wave heights calculated at the study areas in Mossel 

Bay.  

Table 27: Breaking waves at Mossel Bay 

 

Algoa Bay 

“Offshore” wave conditions 

Table 28 gives the wave climate of nine years at Algoa Bay obtained from SOEKOR data 

(PRDW, 1998). The CSIR (1993) concluded that the majority of swell waves (78%) arise 

from the south-west, and the minority (28%) from the east. 

Table 28: Summary of SOEKOR wave data over nine years (PRDW, 1998) 
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Figures 50 and 51 show wave transformation modelling examples of a south-west storm 

swell and south-east wind waves approaching Algoa Bay (Transnet, n.d.). It can be seen that 

the waves inside the bay are noticeably smaller than those at the exposed coastline, 

especially the waves in the bay adjacent to the headland. 

 

Figure 50: Wave transformation example (modelling simulation) of a south‐west storm swell 

(Adapted from Transnet, n.d.) 

 

Figure 51: Wave transformation example (modelling simulation) of south‐east wind waves 

(Adapted from Transnet, n.d.) 

Wave climate 

A dominant swell approaches Algoa Bay from a south-westerly direction and smaller wind-

generated waves approach from an easterly direction (PRDW, 2001b). Table 29 shows the 

nearshore wave climate at -15 m (MSL) determined at the study areas in Algoa Bay. The 

significant wave height for a return period of one year decreased with a factor of 2.73 to give 

the mean nearshore significant wave height. The average nearshore significant wave height 
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is 1.33 m, with an average wave period of 9.6 s and an average wave direction of 126°. The 

dominant wave direction is SE-ESE. The wave direction changes during the year due to 

seasonal changes and storm events. Cape Recife in the west protects the study sites 

situated in the lee of this headland from south-westerly swells. The Port of Ngqura is open to 

south-easterly waves. The study sites at Sunday’s River mouth and the eastern part of Algoa 

Bay are situated on a more linear and open coastline and are exposed to south-easterly and 

south-westerly swells. 

Table 29: Wave climate at Algoa Bay 

 

Breaking wave conditions 

Table 30 shows the estimated breaking wave heights calculated at the study areas in Algoa 

Bay.  

Table 30: Breaking waves at Algoa Bay 

 

East London 

“Offshore” wave conditions 

According to Rossouw (1984), south westerly swells dominate the east coast, as confirmed 

by PRDW (2001b). Theron (2016) determined that the mean annual probability of swell 

waves larger than 4 m in East London is roughly 39%. Local south-westerly wind-generated 
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surface waves move towards the north-east against the offshore Algulhas Current and 

parallel to the shore, while north-easterly wind-generated surface waves move with the 

Algulhas Current (Flemming, 1981). 

Figure 52 shows examples of wave refraction modelling for average conditions and a typical 

offshore storm condition of East London.  

 

Figure 52: Wave refraction modelling of East London (Adapted from Theron, 2004) 

Wave climate 

Table 31 shows the wave heights exceeded at 22 m for each season in East London from 

1992 to 1996 (Theron, 2004). Overall, wave heights of 1 m to 2 m occur most frequently. 

Table 31: Seasonal differences in wave heights for East London from 1992 to 1996 (Theron, 2004) 

 

Figure 53 shows the swell rose from VOS data (1950-1995) and the wave height occurrence 

per direction for all seasons (1997-2004) at a depth of 22 m (Theron, 2004). It can be seen 

from the swell rose that waves reached about 1 m to 7 m and have a S-WSW dominant 

offshore wave direction. Waves also approach from an easterly to north-easterly direction, 

but are less frequent, with wave heights ranging from 1 m to 4 m. Figure 53 also shows a 

most frequent wave height of 1 m to 2 m. 
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Figure 53: East London VOS Swell Rose and wave height occurrence per direction  

(Adapted from Theron, 2004) 

Table 32 shows the nearshore wave climate at -15 m (MSL) determined at Orient Beach in 

East London. The significant wave height for a return period of one year decreased with a 

factor of 2.73 to give the mean nearshore significant wave height. The nearshore significant 

wave height is about 1.6 m, with an average wave period of 13 s and a wave direction of 

140°. The dominant wave direction is SE-SSE. Wave directions can change during the year 

due to wind, currents, storms and seasonal changes. 

Table 32: Wave climate at East London 

 

Breaking wave conditions 

Table 33 shows the estimated breaking wave heights calculated at Orient Beach in East 

London. Note that the calculated breaker height does not represent the actual breaking 

height at Orient Beach. This is due to the refraction coefficient being assumed as 1 for the 

purpose of this thesis, but the waves do refract around the harbour breakwater, thus this 

value is calculated too high (indicated in red). It is recommended that an appropriate 

refraction coefficient be incorporated into the calculation of this breaker height. 
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Table 33: Breaking waves at East London 

 

KwaZulu-Natal south coast 

Offshore wave conditions 

Joubert and Van Niekerk (2013) assessed the South African wave energy resource by 

analysing measured wave data at a depth of 42 m and modelled wave data at five measuring 

stations namely Port Nolloth, Cape Point, Durban, FA Platform and Slangkop. They 

concluded that the most frequent occurring significant wave height at Durban is about 2 m, 

with an occurrence of 70%; the most frequently occurring peak wave period is roughly 9 s 

and the dominant wave direction (at 42 m depth) is easterly. 

Wave climate 

Table 34 shows the nearshore wave climate at -15 m (MSL) determined at the study areas 

along the KwaZulu-Natal south coast. The significant wave height for a return period of one 

year decreased with a factor of 2.88 to give the mean nearshore significant wave height. The 

average nearshore significant wave height is about 1.34 m, with an average wave period of 

11.4 s and an average wave direction of 126°. The dominant wave direction is SE-ESE.  

Table 34: Wave climate of the KwaZulu‐Natal south coast 
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Breaking wave conditions 

Table 35 shows the estimated breaking wave heights calculated at the study areas along the 

KwaZulu-Natal south coast.  

Table 35: Breaking waves at the Kwazulu‐Natal south coast 

 

Richards Bay 

Offshore wave conditions 

Rossouw and Theron (2012) analysed the offshore wave climate around the South African 

coast at deep-sea locations using NCEP hind cast wave data. Table 36 shows a summary of 

the extreme offshore wave conditions off the coast of Richards Bay (Theron, 2016). 

Table 36: Offshore significant wave heights for Richards Bay (Theron, 2016) 
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Wave climate 

Table 37 shows the nearshore wave climate at the study areas south and north of the 

northern breakwater in Richards Bay obtained from Soltau and Theron (2006). The wave 

data for the first 10 km south of the northern breakwater were considered. The average 

nearshore significant wave height at 6 m is about 1.3 m, with an average wave period of  

11.5 s and an average wave direction of 135°. The dominant wave direction is south-

easterly. The coastline is generally linear and open to deep-sea swells, therefore the wave 

directions at the study sites are mostly constant.  

Table 37: Wave climate of Richards Bay’s southern and northern coastlines 

 

Breaking wave conditions 

Table 38 shows the estimated breaking wave calculated at Richards Bay.  
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Table 38: Breaking waves at Richards Bay’s southern and northern coastlines 

 

5.2 WIND 

5.2.1 BACKGROUND 

Low-pressure systems of the South Atlantic move from west to east and are created by 

disturbed air in the Ferrel westerlies. Figure 54 adapted from Joubert (2008) shows the “the 

passage of these depressions with their associated cold fronts and wind fields are the main 

cause of ocean waves approaching the South African coastline”. Berg winds first appear on 

the west coast and are always propagated counterclockwise along the coastline where these 

winds then move southwards and then eastward along the south coast, and finally north-

eastward (Carter, 2005). The west coast and south coast of South Africa are the most 

exposed coastal regions to these waves (Joubert and Van Niekerk, 2013). Offshore winds 

and dry conditions occur along the east coast of South Africa towards the north and along 

the western part of the south coast. Onshore winds and moist cool conditions occur along the 

west coast towards the north and along the eastern part of the south coast 

(Tyson and Preston-Whyte, 2013). 
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Figure 54: Typical features of the surface atmospheric circulation over South Africa (Joubert, 2008). 

The Coriolis effect is the deflection of winds caused by the rotation of the Earth. Winds 

deflect to the right in the northern hemisphere and to the left in the southern hemisphere. 

Therefore, winds do not flow directly from high-pressure points to low-pressure points but 

deflect around the lowest pressure point. Horizontal- and vertical movements combine to 

create a pattern of prevailing global winds (Ww2010.atmos.uiuc.edu, n.d.).  

The Wind Atlas for South Africa (WASA) models topographically and climatologically 

complex regions using high-time resolution statistics (Wasa.csir.co.za, 2016). The Numerical 

Wind Atlas (NWA) database contains datasets of 30 years of the general, climatological 

annual average wind speed for the Northern Cape, Western Cape and Eastern Cape 

(Wasa.csir.co.za, 2016). Figure 55 shows the distribution of the Weather Research and 

Forecasting Model (WRF) mean wind speeds. It can be seen that the wind speeds are the 

highest on the south-west coast, where the wave action is the greatest.  
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Figure 55: Mean wind speed ‐ WRF based (Mabille, 2014) 

5.2.2 SUMMARY OF WIND AT STUDY LOCATIONS 

Saldanha Bay 

The predominant wind direction at Saldanha Bay is south-south-westerly with an average 

wind speed of 7 ms-1. The average wind speed during spring is 8.5 ms-1. Strong winds from 

the south causes upwelling in the bay due to higher waves. The circulation in Saldanha Bay 

is mostly wind-dominated (CSIR, 1996).  

Jakkalsfontein 

The wind conditions at Yzerfontein are considered representative of the wind conditions at 

Jakkalsfontein as Yzerfontein lies in close proximity (just north) of Jakkalsfontein and due to 

a lack of wind data at Jakkalsfontein. Offshore wind data at Yzerfontein was recorded by 

VOS over the period 1960 to 1985. It is considered the best available long-term wind record 

for the area (CSIR, 1991). Wind blows from the southerly to south-easterly sector during 

spring, summer and autumn, and from between the southerly and south-easterly and 

westerly to northerly (more likely) sectors during winter. In terms of annual average wind 

direction, winds blow mostly from the southerly to south-easterly direction (CSIR, 1991). 

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



85 

 

Table Bay 

Soltau (2009) stated that “westerly to north-westerly winds are typically associated with 

winter frontal systems, while south-westerly to south-easterly winds predominate in the 

summer”. 

Mossel Bay 

Hind cast wind data of ten years at Mossel Bay is available from NCEP. Figure 56 presents 

the wind rose constructed from the hind cast wind data (Hugo, 2013). It can be concluded 

that the dominant wind direction in Mossel Bay is westerly to south-westerly, but wind from 

the easterly sector also occurs. 

 

Figure 56: Mossel Bay offshore wind rose (Adapted from Hugo, 2013) 

Locally measured wind speeds tend to be lower than offshore hind cast wind data. The wind 

directions do not relate due to local effects of the land and the protection of a headland 

(Hugo, 2013).  

For the study locations at Hartenbos and between the Great Brak River and Glentana, wind 

data (40 655 records) of nearly fourteen years (1997 to 2010) were used to establish the 

annual wind climate. Wind distribution patterns show that the dominant wind direction is 

westerly, west south-westerly and easterly. The wind blows over the beach at Hartenbos at 

about a 45° angle and along the coast between the Great Brak River and Glentana. The 
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strongest winds blow mainly from westerly, west-south-westerly and west-north-westerly 

directions with velocities above 16 ms-1. Winds with velocities below 8.6 ms-1were considered 

as calm and low winds.   

False Bay 

Wind data on the north east coast of False Bay was measured at Gordons Bay Harbour 

(VISKOR, 1973), AECI (Atkins, 1970) and Middel Bank (CSIR, 1983). Table 39 shows the 

percentage annual calm conditions at the three measuring locations. The wind conditions are 

calmer at Gordons Bay than at AECI due to sheltering from mountains in that region. The 

percentage calm conditions decrease towards more exposed coastlines.  

Table 39: Percentage calm conditions on the north‐east coast of False Bay  

(Adjusted from CSIR, 1987) 

 

Table 40 shows the percentage calm wind conditions at the study sites on the north-east 

False Bay coast. 

Table 40: Percentage clam wind conditions at the study sites in False Bay 
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Algoa Bay 

Wind data of Algoa Bay was measured at Port of Port Elizabeth (2002-2013), Port of Ngqura 

(2007-2013) and Jahleel Island (1998 to 2011). Overall, predominant wind directions at the 

three locations are westerly to south-westerly, easterly to east-south-easterly and north-

north-westerly. North-westerly winds move waves away from the shore and therefore do not 

result in shoreline changes along the Algoa Bay coast (Transnet, n.d.). Figure 57 illustrates 

the wind roses at various locations in Algoa Bay at 10 m above the sea surface.  

 

Figure 57: Wind patterns across Algoa Bay (PRDW, 2001b) 

Nearshore prevailing winds in Algoa Bay are roughly parallel to coastline (Transnet, n.d.). 

Extreme westerly winds occur in summer and spring (Rutherford, 2015). It can be seen from 

Figure 57 that the four main wind directions at Cape Recife, Port Elizabeth, Sundays River 

and Bird Island are south-westerly (occurrence of 24%, wind speeds of more 15 ms-1), north-

westerly (occurrence of up to 45%, wind speed of less than 7 ms-1), north-easterly 

(occurrence of 17%, similar wind speed to that of south-western winds) and south-easterly 

(occurrence of 10%, associated with light north-western winds) (PRDW et al, 1997). 

East London 

Long-term wind data from 1951 to 1970 measured at the East London Airport (situated 4 km 

from the coast of East London) is considered representative of the East London coastline. 

The data indicate that strong winds blow from south-westerly and north-easterly directions. 
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Winter winds generally blow from westerly to north-westerly directions while summer winds 

blow along (parallel) to the cost from westerly to south-westerly and easterly to north-easterly 

directions. The dominant annual direction of wind approaching East London is south-westerly 

(parallel to the coast). Strong north-easterly winds may also occur (Theron, 2004). The wind 

patterns of VOS wind data of 45 000 records over 35 years (from 1960 to 1995) are shown in 

Figure 58. 

 

Figure 58: VOS wind rose at East London (Theron, 2004) 

Wind velocities ranging from 0 ms-1 to 14 ms-1 have been recorded at East London. The 

average wind speed recorded on the main breakwater of the East London Harbour was  

4.5 ms-1. This wind speed can be representative of the wind speed at Orient Beach as Orient 

Beach is situated in the corner adjacent to the main breakwater. These wind speeds can 

generate waves and currents in the same direction as the wind and generate sediment 

transport in the opposite direction as the wind (Theron, 2004). 
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5.3 CURRENTS 

The wind-field can govern the behaviour of surface currents seaward of the surf zone and in 

the offshore region. Wind-driven currents dominate beyond the surf zone and in the absence 

of stronger ocean currents. Types of currents include: 

 Longshore current 

o It is caused by large swells sweeping into the shoreline at an angle and 

pushing water down the length of the beach in one direction. Incoming waves 

adjust to the shape of the coastline and releases energy when approaching 

the shore, creating a current which flows parallel to the shore. When a wave 

breaks at a more steeper angle on a steep beach, the current velocity 

increases.  

 Rip current  

o A narrow current that flows perpendicular to the coast, heading out to sea. Rip 

currents can shape beaches. Low wave action can form low rip currents in 

various sizes and velocities. More severe/heavier wave action forms fewer, 

more concentrated rip currents. Wave direction can influence the nature 

(symmetrical and asymmetrical cells, and direction) of rip currents. 

 Eddy current  

o Circular, whirlpool-like, movement of water that usually spins off of larger 

ocean current systems and stretch for a long distance and lasts for a long 

time. 

 Tidal current 

o Tidal currents are associated with the changing tide, caused by the gravity 

force between the moon and the Earth, which depends on the relative position 

between them. Tidal currents occur when the vertical motions of the tides 

nearshore cause the water to move horizontally. A tidal current “floods” when 

the current moves landward and “ebbs” when the current moves seaward. 

Strong tidal current velocities occur during full moon (called “spring currents”) 

and weak tidal current velocities (called “neap currents”) occur during the first 

or third quarter phase of the moon (Oceanservice.noaa.gov., 2016). 

The interaction of longshore and eddy currents with coastal features produces stable, 

nearshore circulation patterns. Currents influence coastal waters in the following ways 

(Manoa.hawaii.edu, 2016): 
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 An eddy forms due to entrainment of coastal waters where the coastline and mean 

current path diverge. 

 The water moves in sympathy where the current flows close to the coast, but the 

effect may be intermittent due to the presence of horizontal waves. 

The Algulhas Current with localized clockwise inshore eddies and the Benguela Current (less 

strong) with counterclockwise eddies are the two large-scale ocean currents on the East 

Coast and West Coast of South Africa respectively. The warm Algulhas Current originates 

from the East Madagascar Current, the Mozambique Current and partially from the south-

west Indian subgyre south of Madagascar (Stramma and Lutjeharms, 1997). South-easterly 

winds from the South Atlantic Ocean move the cold Benguela Current northward up the West 

Coast and causes coastal upwelling.  

The Algulhas Current does not completely meet the Benguela Current at the Cape of Good 

Hope, but eddies from both oceans do occur west of the Cape of Good Hope and on the 

South Coast. This is the reason the water temperature varies considerably on this coast. The 

mean speed of the Benguela Current ranges from 0.11-0.23 ms-1with a sedimentation rate 

“between 15 and 20 Sievert”, according to Gyory et al. (2012). The Agulhas Current has a 

sedimentation rate of 70 Sievert (Bryden et al., 2005). Tidal currents are generally weak all 

around the South African coast (Theron, 2016). 

Tides can influence currents. When the tide transitions between low and high tide, the water 

level and tidal currents inside a bay change. The water level inside bays can change at a 

different rate than water levels in open coastal waters due to the bay’s shape and/or size or 

the resistance to the water flow created by the entrance channel of the bay or the presence 

of breakwaters. If the flow into a bay is resisted or somewhat restricted, the tidal times in the 

bay are delayed (compared to tidal times of the open ocean). The tidal range in the bay is 

consequently smaller. Swell waves entering bays for example, can diffract and change 

direction due to the shape of the bay and headlands or breakwaters.  

5.4 TIDES 

5.4.1 BACKGROUND 

The gravitational pull of the moon on the water of the earth causes tides. Tides can 

determine where waves break, where beach sediment accumulates and where beach 

erosion occurs. 
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Periods of tides include: 

 High tide occurs when “the Earth's surface is close to the moon; it pulls on the water 

and causes it to rise up”. 

 Low tide occurs “when the Earth's surface is further away from the moon, the impact 

of the gravitational pull is less”. 

 Spring tide occurs when “the gravitational pull of the moon is at its maximum and 

gives the highest tides”. 

 Neap tide occurs when “the gravitational pull of the moon is at its minimum and gives 

the lowest tides”. 

According to Govender (2009), “beaches can be either macro-tidal (with a spring tidal range 

of more than 4 m) or micro-tidal (with a spring tidal range of less than 2 m). The tidal range 

around the South African coast do not differ much, with a majority of the coast experiencing a 

spring tidal range between 1.8 m and 2.0 m, resulting in the coast being micro-tidal 

(Davies, 1980). Neap tides range generally between 0.6 m and 0.8 m. Large tidal regimes 

are associated with high wave energy (on wide flat beaches) and micro-tidal conditions are 

associated with low wave energy (on narrow steep beaches) (Rodil and Lastra, 2004). The 

dominant tide of South Africa is semidiurnal with a period of approximately 12 hours and  

20 minutes (Oceanservice.noaa.gov., 2016). 

5.4.2 SUMMARY OF TIDES OF STUDY LOCATIONS 

The South African Navy records the tidal levels on the Cape West Coast of South Africa, 

which are published in the South African Tide Tables (SANHO, 2012). Table 41 shows the 

tidal levels measured above chart datum (CD) of the nine study locations discussed in this 

thesis.  

Based on the availability of tidal data, tidal levels measured at Yzerfontein was considered to 

represent the tidal levels at Jakkalsfontein, as Jakkalsfontein is situated just south of 

Yzerfontein. 
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Table 41: Summary of tidal levels of study locations (SANHO, 2012) 

 

Note: See List of Abbreviations 

5.5 CONCLUSION 

Rossouw and Theron (2009) state that larger waves occur along the south-west and south 

coast and become smaller along the west and east coasts (moving northwards). It can be 

concluded that the wave climate along the South African coast is swell dominated due to the 

long wave periods. 

It was concluded from the analysis of the nearshore wave climate at the study areas along 

the South African coast that the Jakkalsfontein coastline is the most energetic, thus has the 

highest average nearshore significant wave height. The nearshore wave conditions are 

relatively calm at Saldanha Bay and Table Bay. The average nearshore significant wave 

heights along the coast of KwaZulu-Natal are similar and are moderate in comparison to 

other exposed locations situated further to the south along the South African coast. The 

average dominant wave direction on the west coast of South Africa is south-westerly and 

south-easterly on the south and east coasts. The dominant wind direction at Saldanha Bay is 

south-south-westerly and southerly to south-easterly at Jakkalsfontein. Westerly to north-

westerly winds dominate during winter at Table Bay, while south-westerly to south-easterly 

winds dominate during summer. The dominant wind direction at Mossel Bay is westerly (at 

Hartenbos) to south-westerly (at Great Brak River), but wind from the easterly sector also 

occurs (like at Glentana). The dominant annual direction of wind approaching East London is 

south-westerly but strong north-easterly winds may also occur. 
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6. COASTAL GEOPHYSICAL CHARACTERISTICS AT SELECTED 
COASTAL AREAS IN SOUTH AFRICA 

6.1 BEACH SEDIMENT CHARACTERISTICS 

Beaches can be sandy, mixed or rocky. Different shapes of grains include angular, sub-

angular, sub-rounded, rounded and well rounded. Soluble substances of the sand particles 

can be dissolved by water from waves or rain causing smaller, rounded grains. The sand 

grains on beaches with high wave action tend to be more rounded than those on low-energy 

beaches. The sand particles on steep beaches are more angular compared to those on flat 

beaches (Manoa.hawaii.edu, 2016). 

Sand is classified into two types (Manoa.hawaii.edu, 2016): 

1. Biogenic sand (living components of an environment) 

 Consists of calcium or limey sands and fragments of coral skeletons, coralline 

algae, and shells. 

2. Abiogenic sand (non-living chemical and physical components of an environment) 

 Formed as rocks in the continental or oceanic crust break down through 

weathering and erosion. 

Most of the sand on beaches consists of minerals (e.g. quartz and feldspar), originated from 

rocks. Weathering is the process where wind and waves transport sand, causing friction 

between sand particles and smoothing the surface of the particles. Sources of sand on 

beaches include longshore transport and longshore currents, transporting sand from updrift 

beaches, sand bars, tidal deltas and rivers. Sand pumped and dredged from local inlets or 

offshore on the continental shelf is also an increasingly important sand source on beaches 

(Pilkey et al., 2004). Factors like wave patterns, sea-level rise, human activity and weather 

patterns affect the accumulation and erosion of sandy beaches (Manoa.hawaii.edu, 2016). 

Waves can erode cliffs, dunes and bluffs on the beach, providing more sand to the beach. 

(Coastalcare.org, 2016). 

Aeolian processes involve the transportation, removal (deposition) and erosion of sediment 

like sand and dust in various environments. Sand dunes are formed in coastal settings due to 

Aeolian processes, (i.e. Alexandria dune field on the coast of Algoa Bay in the Eastern 

Cape). Coastal dunes serve as storage areas for sand. Low-energy waves cause sand to 

accrete on the beach, where wind transports it from the beach to the foredunes. High-energy 

waves can erode the toe of foredunes during storms (Bartels, 1986; McLachlan and  
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Brown, 2006). The focus of this thesis however is not on the dry back-beach areas (supra 

tidal zone), but rather on the wetted beach (intertidal zone), nearshore regions and wave 

breaking zones. Natural drivers like wind, waves, rivers and streams can transport and 

supply sediment to beaches. Dust storms can be caused by the transportation of fine 

sediment by wind. Wind can transport sediment by means of three methods, namely creep, 

saltation and suspension. The mode of transport depends on the settling velocity of the 

sediment particles, particle size, wind turbulence and the shear stress of the wind  

(Lancaster, 2009). Wind can also erode sediment by processes such as abrasion (corrosion 

and wearing of sediment particles) and deflation (removal of loose and fine sediment). 

Sediment distribution generally reflects energy levels at the seabed, which are primarily 

related to prevailing wave regimes in the South African inshore coastal zone (Theron, 2004). 

Sieve analyses can be carried out to determine the grain size distribution of a sediment 

sample. The Wentworth scale is one system that can be used to classify sediments by grain 

diameter, shown in Table 42 (Wentworth, 1922).  

Table 42: The Wentworth scale (Adapted from Wentworth, 1922) 

 

As mentioned in the literature study, steeper beaches tend to have larger sand grain sizes 

because waves can move larger particles higher up the beach. Flatter beaches tend to have 

smaller grain sizes as the grains are rolled back and forth by the waves. The sands of the 

back beach are generally more fine-grained and well sorted compared to the beach face 
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(Geology.uprm.edu, 2016). Factors such as currents, wind exposure and coastline 

configuration can also influence sand grain size (Manoa.hawaii.edu, 2016). 

Rivers as sediment source 

Fluvial or river sediment load is the mass or volume of sediment that is carried by the river 

past a given point during a specific period. Sediment type can differ from river to river, 

depending on the sediment source and the presence of for example dams, where sediment 

can become trapped. Accurate average annual loads are estimated from long-term records, 

as daily or even annual loads vary considerably. Factors like soil conservation and erodibility 

of material in the catchment can cause a decrease in the average sediment loads of rivers. 

Dams and sand mining can also reduce the amount of sediment, especially sand, 

transported by rivers to the coast. 

South African rivers carry about 100 to 150 million tons of sediment annually, where floods 

transport the most sediment (Noble and Hemens, 1978). Sediment that originates from fluvial 

sources and fragmentations of shells and rocks on the shore, is found in the nearshore area. 

The fluvial sediment load is transported and deposited along the river, in large dams, in 

estuaries and into the ocean. Sand and gravel (medium to coarse grained) are deposited into 

the sea, while the fine sediments are transported by sea currents in the shape of plumes. 

Sand that is discharged into the sea usually comes from the riverbed load, as the suspended 

load in the river does not contribute a lot of sand. Finer sediment in deeper water likely 

originates from dispersed river load (or washed out load). Beach erosion, dune erosion, 

offshore sources and larger rivers are major sources of sediment in the nearshore area. The 

type and size of the sediments deposited into the sea are determined by the drainage areas 

of large rivers and sediment source. The nature of these drainage areas are classified by 

rainfall, vegetation, farming or mining etc. The sediment load of rivers that consist of mainly 

coarse-grained rocks is lower, and the rivers are more resistant to erosion  

(Theron et al., 2008). 

Sediment yield can be determined through extensive catchment sediment yield modelling. 

The total mean sediment yields per river (m3/year) can be determined by summing all of the 

relevant sub-catchment yields. Larger rivers (and the nature of their catchments) mainly 

determine long-term coastal sediment budgets within the region (Beck and Basson, 2003). 
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Sediment Characteristics 

Saldanha Bay 

Sampling carried out by Flemming (1977) reflected that coarser sediments are found in  

high-energy zones of Saldanha Bay and finer sediments are found in the sheltered zone of 

Small Bay. Saldanha Bay has an overall low percentage of mud. The CSIR collected 

sediment samples at nine beacons along the shoreline of Saldanha Bay in July 1995 to 

monitor beach changes and determine the sediment characteristics. The grain size 

distribution for the sand samples is shown in Table 43 (CSIR, 1996).  

Table 43: Sand samples taken along the shoreline of Saldanha Bay 

 

From the grain size distribution in Table 45, it can be seen that the coarsest sand was found 

at station S1. This can be as a result of smaller rocks or cobbles breaking off from big rolling 

stones found on the beach section where S1 is situated, as seen in Figure 59. 

 

Figure 59: Beach section at S1 in Saldanha Bay (Adjusted from Google Earth, 2015) 
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The sediment at S2 was found to be coarse, which can be due to rocky outcrops found in the 

nearshore. S3 was found to have the finest sand. Medium sand was found on the beach 

sections protected by the West Coast National Park. The coarse sediments are found on the 

beach sections that are most exposed to incident waves from the south-west.  

Jakkalsfontein 

Sand samples were collected by the CSIR at intervals of 200 m (15 samples of the 28 beach 

profiles) along the coastline of Jakkalsfontein. Table 44 shows the median grain sizes along 

the section of coastline at Jakkalsfontein (CSIR, 1990). 

Table 44: Grain sizes at sample sites in Jakkalsfontein 

 

The grain sizes over the stretch of beach do not vary considerably, which is consistent with 

the beach slope survey (Chapter 6.3). This indicates that the wave climate is quite uniform 

along the length of the beach section. From the grain size distribution in Table 44, it can be 

noted that the median grain sizes are overall representative of medium sand in the order of 

0.4 mm to 0.45 mm. The sand is classified as coarse at profiles 8 and 12 which can be due 

to relatively steep beach slopes at these sections, more severe incident waves as well as the 

presence of strong nearshore currents.  

Table Bay 

Soltau (2009) collected sediment samples at twelve cross-shore stations at each of the four 

sampling lines. It can be concluded that the grain sizes decrease from the beach seawards 
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at each line. Table 45 shows the median grain sizes (at mid-tide) and sediment classification 

at each sampling line. 

Table 45: Grain sizes at sample lines in Table Bay 

 

The grain size on the beach and the grain size in the nearshore at Line D area like. The 

beach grain sizes at Line A are much coarser than the grain sizes found nearshore and at 

the surf zone (Soltau, 2009). It was observed that the beach grain sizes decrease towards 

the south of the bay, thus the grain size decreases from Line A through to Line D. This is due 

to lower wave action in the south than in the north of the bay, as the southern part of the bay 

is more protected than the open, more exposed northern shoreline. The grain sizes at the 

sampling lines show similar fining trends between 1 m and 5 m depths (Soltau, 2009).  

False Bay 

A total of 166 beach profiles between Gordons Bay and Macassarstrand, along the north-

eastern False Bay coastline, was surveyed and studied by the National Research Institute for 

Oceanology during June 1985. The beach profiles were spaced in intervals of about 100 m 

and sand samples were taken roughly every 5 m along the beach profiles (CSIR, 1990). 

Therefore, 25 sand samples were collected between each profile, from which the median 

grain size was determined. Table 46 summarises the median grain sizes at the study 

locations in False Bay. 
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Table 46: Grain sizes and sediment classification at False Bay (Adjusted from CSIR, 1990) 

 

The sediment coarseness varies from fine to very coarse at False Bay, with a majority of 

sand classified as fine and medium. Some of the sections with fine sand have the smallest 

beach slopes.  

Mossel Bay 

Hugo (2013) summarised the sediment datasets from beach samples taken in 1988, 1990 

and 1996, which gives the 50th and 90th percentile particle diameters at Hartenbos, Klein 

Brak, and Groot Brak. For the purpose of this thesis, only the overall average 50th percentile 

grain size was considered, shown in Table 47. The sieve analyses for years 1988 and 1990 

were carried out by the CSIR and were obtained from Laurie Barwell by Hugo (2013). The 

1996 sieve analyses were obtained from published reports (CSIR, 2000). 
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Table 47: Grain sizes of sample sites at Mossel Bay (Hugo, 2013) 

 

The median grain sizes at Mossel Bay indicate medium-sized particles. It can be seen that 

smaller particles are found in Hartenbos, as the area is more sheltered from prevailing south-

westerly swells; and larger particles are found in Klein Brak and Groot Brak, as these areas 

are more exposed. 

The CSIR determined the grain size distributions of sand samples, H1 and H2, taken at 

Hartenbos during a site visit on 3 August 2013 by the WSP. Sample H1 was collected on the 

beach just north-east of the commercial building and Sample H2 was collected opposite the 

swimming pool building (as shown on Figure 33 in Chapter 4.2). Sand samples were also 

collected on the wetted beach between the Great Brak River and Glentana (S1, S2 and S3). 

Sample S1 was collected on the western boundary, sample S2 near the centre of the site 

and S3 along the eastern boundary. Table 48 gives the sediment classifications at the study 

areas in Mossel Bay. Note that the grain size at Hartenbos according to Hugo (2013) is taken 

to represent Profile 2 (which is situated just south of Hartenbos). The median grain size at 

Hartenbos, obtained from Hugo (2013), and samples sites H1 and H2 are similar.  
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Table 48: Sediment classifications at Mossel Bay 

 

The sand distribution in Table 48 shows that the sand is mostly classified as medium-sized 

(with medium coarseness). Finer sands occur at sample sites H1 and H2 due to flatter slopes 

and lesser wave action (these sections have the smallest wave heights of all the sample 

sites).  

Algoa Bay 

Rutherford (2015) conducted a beach profile analysis at various points alongside the Port of 

Ngqura. Beach monitoring profiles were placed at nine locations, namely S1-S5 south of the 

port and N1 to N4 north of the port. Sediment samples were taken at positions A to H, as 

seen in Figure 60. Only samples taken at A, B and D were considered. Areas F, G and H are 

considered too rocky.S1 corresponds with position D, S2 with position B and S5 with position 

A. Note that S3 and S4 are not shown on Figure 60, but can be seen on Figure 39 in  

Chapter 4.3. The grain size at Swartkops River mouth was considered to represent the grain 

sizes at S3 and S4, as these locations are situated adjacent to each other. 

 

Figure 60: Sediment sample positions (Rutherford, 2015) 
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King’s Beach, which is situated south-east of Port of Port Elizabeth, has a mean median 

grain size of 0.24 mm according to Theron and Schoonees (1995). Sand samples were 

collected near the mouths of Swartkops and Sundays estuaries and were found to have 

median grain sizes of 0.27 and 0.18 mm respectively (CSIR, 2000). Table 49 summarises 

the median grain sizes at the study locations in Algoa Bay. 

Table 49: Grain sizes at Algoa Bay 

 

Carter (2006) found that the sediments in the adjacent areas of the initial dredge area of the 

Port of Ngqura are mostly medium sands, although finer sediments (silts and clays) and 

coarser sediments (cobbles and gravel) may also be present to a lesser degree. Sediments 

in the western half of Algoa Bay are predominantly fine to medium and medium in the 

eastern half of Algoa Bay, with a median grain size of 0.32 mm (Theron et al., 1991). The 

sand on the western coastline of Algoa Bay is classified as fine to medium. 

East London 

The median grain size on Orient Beach in East London was found to be 0.21 mm according 

to Withers (1991). The sand is classified as fine.  

Table 50: Median grain size on Orient Beach, East London 

 

KwaZulu-Natal south coast 

The sand grain sizes were collected by the CSIR (1976) at 89 beach sections along the 160 

km length of KwaZulu-Natal southern coastline for the period 1971 to 1973. Table 51 shows 

the median grain sizes at the study areas denoted from south to north. 
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Table 51: Grain sizes along the Natal south coast 

 

The KwaZulu-Natal south coast is open and mostly exposed to incident waves. The grain 

sizes along the KwaZulu-Natal south coast were found to be mostly medium and coarse, 

although fine sand occurred (to a lesser degree) at other beach sections near river mouths. 

Very coarse sand was found on some beach sections where the beach slopes are the 

steepest. 

Richards Bay 

The sand grain sizes on the northern coastline of Richards Bay were obtained from Soltau 

and Theron (2006). Table 52 shows the median grain sizes at six of the nine surveyed 

beaches in Richards Bay.  

Table 52: Grain sizes along the northern coastline of Richards Bay 
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Overall, the coarseness of the grains is mostly medium. Newarkstrand has the largest, thus 

coarsest particles. Newarkstrand is situated between the northern breakwater and the 

harbour entrance, which is open to incident waves. The beach slope at Newarkstrand is 

however less steep in comparison to the other beach sections. Alkantstrand has the smallest 

grain size and therefore the finest particles, which can be due to less wave action  

(in comparison to the other beach sections) as it is situated in the lee of the northern 

breakwater (on the northern side) at Richards Bay Harbour. Sediment grain sizes for the 

southern coastline of Richards Bay were not available in Soltau and Theron (2006). 

6.2 BEACH WIDTH AND SURF ZONE WIDTH 

The beach width can sometimes give an indication of the beach type (whether a beach is 

reflective, dissipative or intermediate). The beach width is measured as the distance between 

the vegetation line at the back of the beach and the high tide water line or ‘dry’ line. 

Dissipative beaches generally have wide beach widths and reflective beaches have narrow 

beach widths, as mentioned in the literature study. Beach widths can become wider in 

summer or spring due to less erosion by larger waves. Waves tend to be larger in winter and 

can therefore erode the beach resulting in a narrower beach width. Harris (2012) defines the 

surf zone width as “the distance between the average landward position of the swash edge 

and the seaward-edge of the white water from the outermost breaker at the backline”. Flat 

beaches generally have wide surf zones (dissipative) while steep beaches have narrow surf 

zones (reflective), as mentioned in the literature study. 

The average surf zone widths and average beach widths at the study locations on the South 

African coast were determined for Saldanha Bay, Jakkalsfontein, Table Bay, Mossel Bay, 

Algoa Bay and East London by measuring the average widths on Google Earth at different 

dates in order to obtain a more accurate, average value. This method of obtaining beach 

widths and surf zone widths contains only satellite pictures of the locations at a certain time 

and the results can generally not be considered to represent the average conditions. A more 

critical and meticulous method is rather recommended. This would require more 

measurements, which will take longer, but would result in more accurate values 

representative of the average widths. The average beach widths on the KwaZulu-Natal south 

coast and False Bay were obtained from CSIR (1976) and CSIR (1987) respectively, while 

the beach widths and surf zone widths at Richards Bay were obtained from Soltau and 

Theron (2006).  

Table 53 shows the average beach and surf zone widths measured at Saldanha Bay. The 

average beach and surf zone widths are reasonably narrow. The narrow surf zone widths are 
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due to waves refracting as they enter the bay thus resulting in less wave energy and lower 

wave heights.  

Table 53: Average beach and surf zone widths at Saldanha Bay 

 

Table 54 shows the average beach and surf zone widths measured at Table Bay. Overall, 

the beach widths are quite narrow and the surf zone widths are relatively wide.  

Table 54: Average beach and surf zone widths at Table Bay 

 

Table 55 shows the average beach widths obtained at False Bay. The beach width varies 

significantly along the north-east False Bay coast (from 12 m to 127 m). The beach width is 

the widest at sections 6, 79 and 84 (average of 120 m) and the narrowest at section 49  

(12 m). 
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Table 55: Average beach widths at False Bay (Adjusted from CSIR, 1987) 

 

Table 56 shows the average beach and surf zone widths measured at Mossel Bay. The 

beach widths at Mossel Bay do not vary much along the coastline and are generally very 

narrow surf zone widths are overall generally wide. The surf zone widths and beach widths 

tend to become wider towards the river mouths (Klein Brak River and Groot Brak River) as 

the wave action increases and decreases further east.  

Table 56: Average beach and surf zone widths at Mossel Bay 

 

Table 57 shows the average beach and surf zone widths measured at Algoa Bay. The beach 

widths at Algoa Bay vary along the coastline. The beach section becomes wider towards the 

Port of Ngqura and is generally wider at river mouths (like at Sundays River mouth). The 
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beach width at King’s Beach just south of Port Elizabeth Harbour is quite narrow. The surf 

zone widths and wave heights towards the east of the bay increase as the coast is more 

open to wave action. 

Table 57: Average beach and surf zone widths at Algoa Bay 

 

Table 58 shows the average beach and surf zone width measured at Orient Beach in East 

London. 

Table 58: Average beach and surf zone width at Orient Beach, East London 

 

Table 59 shows the average beach widths obtained for the KwaZulu-Natal south coast, 

denoted south to north along the east coast of South Africa. The beach widths vary on the 

KwaZulu-Natal south coast depending on the location and exposure to waves of the beach 

profile. The beach profiles with narrow beach widths have the steepest slopes and this can 

be due to more energetic wave action at the shoreline. 
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Table 59: Average beach widths on the KZN south coast (Adjusted from CSIR, 1976) 

 

Table 60 shows the average beach and surf zone widths obtained for the northern and 

southern coastlines of Richards Bay. Some beach widths are much narrower than others and 

the surf zone widths are relatively wide. The surf zone width at Newarkstrand is the 

narrowest because it is located in the lee of the northern breakwater and the southern and 

northern breakwaters refract the incident waves. The beach width on the northern coastline 

decreases as the coast becomes more exposed and the slopes become steeper. The surf 

zone width at 5 Mile on the northern coastline is the widest because the beach section is the 

most exposed. The average beach width and surf zone widths on the southern coastline are 

fairly constant. 
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Table 60: Average beach and surf zone widths at Richards Bay 

(Adjusted from Soltau and Theron, 2006) 

 

6.3 BEACH SLOPE 

Wave action and sediment grain size work together with tidal regimes to define beach slope, 

which is an overall indicator of beach state (Defeo and McLachlan, 2005). The beach face 

becomes steeper as wave energy diminish, thus sand grain size increases because waves 

cast larger particles higher up the beach. When small waves in shallow water with coarse 

grains sweep up onto the shore (swash), it can still easily move the sand and coarse grains 

promote steeper slopes offshore. On shallow, gently sloping coastlines, such as those in 

south-eastern United States, the beach (both onshore and offshore) becomes steeper 

landward (Hyndman and Hyndman, 2006). According to Wiegel (1964), in general, the beach 

face slope of protected beaches is steeper than on exposed beaches.  

Saldanha Bay 

Beach slopes were determined from beach profiles in CSIR (1996), as shown in Table 61. 

The cross-shore profiles selected locations at Saldanha Bay are illustrated in Figure 61. Only 

seven of the ten stations were considered, as S7, S9 and S10 were not classified as sandy 

beach systems. The beach slopes at S1 to S3, S5 and S6 were taken from 0 m (MSL) to  

-1 m below MSL while the beach slope at S8 had to be taken from 2 m above MSL to 1 m 

above MSL due to limited available data. 
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Figure 61: Cross‐shore profiles at Saldanha Bay 

Table 61: Beach slopes at Saldanha Bay 

 

It can be seen from Table 63 that the beach slope is the steepest at S5 and the mildest at 

S8. S5 is situated on Paradise Beach just north of Club Mykonos Harbour. S8 is situated on 

Langebaan Beach just south of a groyne.  

Jakkalsfontein 

The beach slopes at Jakkalsfontein were determined from 28 beach profiles taken along the 

study section. The beach profiles were measured by the CSIR (1990) at intervals of 100 m. 

Each section covered the beach area from the base of the dune or from the vegetation line to 

about -1 m to MSL. These profiles give a an indication of the steepness of the beach slope. 
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From the beach profiles shown in Figure 85 in Appendix A.1, it can be concluded that the 

entire study area is characterised by a fairly linear, moderately steep beach slope of about 

0.1 along its total length. The northern end is slightly steeper, with slopes of almost 0.125 

and the southern end is slightly flatter with slopes approaching 0.083. The average beach 

slopes at the 28 profiles along the Jakkalsfontein coastline are shown in Table 62 (denoted 

from north to south). 

Table 62: Beach slopes at Jakkalsfontein 

 

Table Bay 

Soltau (2009) determined the beach characteristics at four sampling sites (Line A to D) in 

Table Bay, as discussed in Chapter 4.2. Positions were measured from the base of the dune 

to about -1 m below MSL and Soltau (2009) determined the representative beach slopes 

from the surveyed profiles, shown in Figure 62.  
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Figure 62: Beach profiles measured at Table Bay sampling sites ‐ Lines A, B, C and D (Soltau, 2009) 

The slope of the nearshore region of Table View Beach (Line A) is gentle, becoming steeper 

towards the beach. The nearshore slope steepens at the outer edge of the surf zone (about 

270 or 320 m from the shore). The bar or trough system of the nearshore profile are poorly 

defined. Sunset Beach (Line B) has a more concaved shape, in comparison to Table View 

Beach and has a milder slope than Line A. Pebbles are found on the inter-tidal beach face at 

Sunset Beach. The upper beach of Milnerton Beach (Line C) is narrow – less than 20 m wide 

at mid-tide. The linear beach slope at Diep River Mouth (Line D) is constant. 

Table 63 shows the beach slopes determined between 1 m above MSL and -1 m below MSL 

from the beach profiles in Figure 62. 

Table 63: Beach slope of study areas at Table Bay 
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The beach slopes differ from the slopes taken at the base of the dune to -1 m to MSL  

(Figure 70). The values in Table 65 are considered further in the thesis as the elevation 

boundaries are consistent with those of the other study locations.   

False Bay 

Beaches situated between Gordons Bay and Macassarstrand along the north-eastern False 

Bay coastline were surveyed during June 1985 to determine the beach characteristics  

(CSIR, 1987). The beach slopes of 25 beach profiles of the 166 beach profiles surveyed 

were determined, based on location and availability of data.  The beach slopes were taken 

as the average from 0 m to +1 m and -0.5 m to 0 m (MSL), as shown in Table 64.  

Table 64: Beach slopes at False Bay 

 

Overall, the beach slopes are moderately flat along the north-east False Bay coast. Profile 

128 has the steepest slope, yet it is located close to the Eerste River mouth and generally 

sand near river mouths tend to be finer. The slope on Macassarstrand is also quite steep. 

There are abandoned remnants of old buildings. The slope is the mildest at profiles 6, 79 and 

84. Profile 6 is situated at a river mouth and profiles 79 and 84 are situated on Strand Beach. 
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Mossel Bay 

As part of a numerical study by Hugo (2013), the cross-shore profiles at eight positions along 

the western coastline of Mossel Bay were compiled from available bathymetry data supplied 

by SANHO. Figure 63 shows the cross-shore profile of Profile 2 (only available profile) in 

Mossel Bay from the top of the dune to the approximately -1.4 m below MSL, determined by  

Hugo (2013). Profile 2 is located in the lee of Cape St. Blaize on the western side of the bay, 

just south of Hartenbos. Measurements were taken during low water at spring tide. 

 

Figure 63: Cross‐shore profile 2 in Mossel Bay (Hugo, 2013) 

The beach slope of Profile 2 in Mossel Bay was determined between 1 m above MSL and  

-1 m below MSL, shown in Table 65. 

Table 65: Beach slope of Profile 2 in Mossel Bay 

 

WSP Africa Coastal Engineers studied the sites at Hartenbos and Duin and See on 3 August 

2013 and 23 November 2011 during spring low tide respectively. The beach slope at 

Hartenbos was measured from the upper beach between 0 m and 2 m above MSL. Table 66 

shows the beach slope at Hartenbos which ranges from 0.05 (flattest) to 0.071 (steepest). 
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Table 66: Beach slope at Hartenbos, Mossel Bay 

 

The slope of the wetted beach taken between 1 m and 2 m above MSL is shown in  

Table 67. The beach slope ranges from 0.067 (flattest) to 0.167 (steepest). 

Table 67: Beach slope at Duin and See, Mossel Bay 

 

Overall, of the study locations in Mossel Bay, Profile 2 has the mildest slope and Duin and 

See the steepest beach slope, thus indicating an increase in beach slope towards the north 

east. The wave action increases towards the north-east as the locations are more exposed to 

incident waves. Profile 2 and Hartenbos are more sheltered than locations towards the north-

east, like Kleinbrak River mouth, Greatbrak River mouth and Glentana.   

Algoa Bay 

The beach slopes of King’s Beach, Sundays River Mouth and eastern Algoa Bay were 

determined from 0 m to -5 m MSL, obtained from GIS data. Elevation measurements from  

1 m to -1 m to MSL were not available or obtainable at these locations. The beach slopes of 

S1 to S5 at Port of Ngqura were determined from the beach profiles shown in Figures 64 to 

67 from 1 m to -1 m to MSL. The beach slope at Swartkops River mouth was assumed 

similar to beach profile S4 as these locations are situated close to each other; and the beach 

slope of the beach section at S2 was assumed to be similar to the beach slope of profile S1. 

The beach slopes at the study locations are shown in Table 38. 
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Figure 64: Beach profile S1 at Port of Ngqura, Algoa Bay (TNPA, 2012) 

 

Figure 65: Beach profile S3 at Port of Ngqura, Algoa Bay (TNPA, 2012) 
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Figure 66: Beach profile S4 at Port of Ngqura, Algoa Bay (TNPA, 2012) 

 

Figure 67: Beach profile S5 at Port of Ngqura, Algoa Bay (TNPA, 2012) 

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



118 

 

Table 68: Beach slopes at the study areas in Algoa Bay 

 

The steepest beach slope was found in the eastern part of Algoa Bay and the mildest beach 

slope at King’s Beach. The eastern part of Algoa Bay is more exposed than King’s Beach. 

Overall, the beach slopes were reasonably constant along the coast of Algoa Bay. 

East London 

The beach slope at Orient Beach, East London was determined from the beach contour lines 

at 1 m and 2 m in Figure 68 and is shown in Table 69. The beach slope is relatively mild. 

 

Figure 68: Beach contour lines of Orient Beach, East London 
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Table 69: Beach slope at Orient Beach in East London 

 

KwaZulu-Natal south coast 

Cooper (2001) stated that “the coarse sediment of KwaZulu-Natal and Namaqualand 

produces steep and narrow beaches with high berms”. The beach slopes were determined 

along the 160 km coastline section of the KwaZulu-Natal South Coast by the Coastal 

Engineering and Hydraulics Division of the National Research Institute for Oceanology in 

CSIR (1996). Table 70 shows the beach slopes at the 89 beach profiles denoted from north 

to south.  

Table 70: Beach slopes of the Natal south coast 
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The slopes are the mildest at beach sections 26, 73, 74 and 86. The beach width tend to be 

wider at section 26 and generally wider beaches have milder slopes. Beach section 74 is 

nestled between Uvongo Beach and Beacon Rocks, at Uvongo River mouth. The steepest 

slopes are found at beach sections 42-44 and 51. Rocky outcrops in the nearshore are found 

at these locations. 

Richards Bay 

The beach slopes on the northern and southern coastlines (north and south of the northern 

breakwater) of Richards Bay were obtained from Soltau and Theron (2006) and are shown in 

Table 71. The average beach slope on the selected beach sections on the northern coastline 

is 0.28 and 0.05 on the selected beach sections on the southern coastline. Overall, the 

beach slopes at Richards Bay are quite steep, which can be due to the fact that the southern 

and northern coastlines of Richards Bay are mostly open and exposed to wave action and 

northern beaches have been subjected to ongoing severe erosion (e.g. Theron, 2016). 

Table 71: Beach slopes on the southern and northern coastlines of Richards Bay 

 

It can be seen that Sections 8 and 10 on the southern coastline and Light Beach on the 

northern coastline have the steepest slopes, while Section 2 on the southern coastline and 

Newarkstrand on the northern coastline have the mildest. 
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6.4 BEACH EXPOSURE AND ORIENTATION 

According to Coelho et al. (2006), the degree of beach exposure can be assessed by 

considering indicators like foreshore elevation, the distance to shore, tidal range, wave 

height, erosion/accretion rate, sediment type, geomorphology type, ground cover and 

anthropogenic actions. A specific range of values are selected for each indicator to classify 

the vulnerability or exposure of a specific area. A score of 1 is allocated to areas with very 

low exposure while a score of 5 is allocated to areas with a very high exposure. 

Theron et al. (2010) identified another indicator namely the degree of protection from 

prevailing wave energy(site location, coast configuration and bathymetry).  

In this thesis only the degree of protection from prevailing wave energy (site location, coast 

configuration and bathymetry) is considered. The scoring criteria is explained in the 

methodology (Chapter 2). 

Saldanha Bay 

Saldanha Bay faces to the south-west and is more exposed to south-westerly swells than 

southerly swells. The bay (especially Small Bay) is sheltered from incident waves of the 

south Atlantic Ocean by a spending beach breakwater located between Hoedjiespunt and 

Marcus Island. Oil, general cargo and multipurpose quays, as well as a breakwater in a 

westerly direction seaward of the multipurpose quay, provide further shelter to the bay  

(CSIR, 1996). Big Bay is sheltered from incident waves by South Head (Elandspunt). The 

waves are refracted while entering the bay, and by the time they reach the shoreline inside 

the bay, the wave energy or wave height has decreased significantly.  

The beach orientations at S1 to S8 are shown in Table 72. The study areas are denoted from 

north-west to south-east inside the bay. The increasing beach orientations reflect the strong 

curvature of the bay’s shoreline.  

Table 72: Beach orientations of study areas at Saldanha Bay 
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Jakkalsfontein 

Jakkalsfontein is situated on the southern part of the west coast of South Africa and is 

oriented to the south-east. The study area at Jakkalsfontein is linear almost normal to the 

south-western swells. The beach area under consideration forms part of the sweeping sandy 

beach between the rocky headlands of Bokpunt to the south and Yzerfontein to the north 

with an asymmetric half-heart bay configuration. The study area however, is directly exposed 

to high-energy south and south-westerly swells from the Atlantic Ocean (CSIR, 1990), due to 

a lack of natural land bodies like reefs or small islands. Dasseneiland however, possibly 

serves as limited protection from western swells.   

The beach orientations of the study areas are shown in Table 73. The study areas are 

denoted from north-west to south-east. The beach orientations of the study areas are overall 

similar as they are situated on a generally linear and open coastline. 

Table 73: Beach orientations at Jakkalsfontein 
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Table Bay 

Table Bay is a curved bay and faces westward towards the Atlantic Ocean.  The bay is 

sheltered from the predominant south-westerly swells by the headlands of Cape Point and 

somewhat by the breakwaters of Cape Town Harbour. Figure 69 shows a result of wave 

refraction modelling for atypical offshore wave condition for Table Bay, with a significant 

wave height of 2.5 m, wave period of 13 s and wave direction of 225°. The sheltering of the 

bay causes a gradual decrease in wave height as the waves move into the bay, especially 

towards the Cape Town Harbour around the Cape Point headland. Wave exposure increases 

towards the north as the bay is more open. Robben Island provides some shelter to the most 

northern parts from infrequent westerly to north-westerly waves (Soltau, 2009).  

 

Figure 69: Typical gradation of wave heights in Table Bay (Adapted from Soltau, 2009) 

Soltau (2009) concluded that Line A is exposed to wave action as the beach is linear and 

faces towards the dominant south-westerly swells. Line B is partly exposed, as it faces 

towards the west and is partly sheltered due to its semi-curved shape and location (more 

south than Line A - towards the sheltered part of the bay). Line C is partly sheltered as it is 

located in the curved part of the bay. Line D is the most sheltered part of Table Bay, as it is 

located in the lee of the headland of Cape Point, resulting in smaller wave heights than at the 

other lines. 

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



124 

 

The beach orientations of lines A to D are shown in Table 74. The study areas are denoted 

from north to south. The beach orientations are overall similar, but increase towards the 

south as the bay becomes more curved. 

Table 74: Beach orientations of study areas at Table Bay 

 

False Bay 

North-east False Bay is orientated to the south and is exposed to waves from a south and 

mostly south-westerly direction. Cape Peninsula on the western side of the bay protects the 

areas adjacent to the headland inside the bay from strong westerly swells. Cape Hangklip on 

the eastern side can serve as protection from less common south-easterly waves. Exposed 

areas situated along the curved coastline of north-east False Bay are more exposed to 

southerly and westerly waves.  

The beach orientations of 25 of the 163 study areas surveyed at False Bay are shown in  

Table 75. The study areas are denoted from west to south-east along the north-east False 

Bay coast. The gradual increase in orientation reflects the gentle curvature of the wide bay. 
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Table 75: Beach orientations of study areas in False Bay 

 

Mossel Bay 

Mossel Bay is exposed to the easterly swells of the Indian Ocean. Profile 2 and Hartenbos 

are the most sheltered areas of the study areas in Mossel Bay, as they are located around 

the headland west from the town of Mossel Bay.Klein Brak and Groot Brak are located in 

more exposed areas of the bay. The Duin and See study site is more exposed to incident 

waves (from a south-south-westerly direction), as its coastline is more open and linear. 

Rocky outcrops east of Glentana bound the eastern part of the bay. Seal Island is located 

just south of Hartenbos in the western corner of the bay, in the lee of Cape St. Blaize. 

The beach orientations of the study areas are shown in Table 76. The study areas are 

denoted from south to north east. S1 to S3 at Great Brak River Mouth are situated on a linear 

west-east coastline.  
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Table 76: Beach orientations of the study locations in Mossel Bay 

 

Algoa Bay 

The bay is bounded by headlands Cape Recife in the west and Cape Padrone in the east. 

Cape Recife, with its rocky reefs, provide some protection from south-westerly swells to 

King’s Beach. Swartkops River Mouth is situated on a relatively open coastline and is 

therefore exposed to wave action from the east. The study areas at Port of Ngqura are 

situated on the south-western side of the port, and are thus exposed. S1, which is situated 

directly adjacent to the southern breakwater at the port, can be considered to be partially 

protected by the north-eastern breakwater. Sundays River mouth and the eastern part of 

Algoa Bay are open and exposed, although Bird Island and Black Rock serve as limited local 

protection. Overall, Algoa Bay is partially sheltered and partially exposed. 

The beach orientations of the study areas are shown in Table 77. The study areas are 

denoted from south to north east. King’s Beach is a generally linear beach section and has a 

south to north orientation while the beach orientations of beach sections on the curved 

shoreline of Algoa Bay decrease. The beach orientation increases as the shoreline becomes 

more linear, like in the eastern part, with a west-east orientation. 

Table 77: Beach orientation of study locations at Algoa Bay 
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East London 

Orient Beach lies in the lee of the main breakwater of East London Harbour. There are no 

headlands on the coast of East London to provide protection to Orient Beach, however, the 

main breakwater on the southern side of the harbour provides protection to the beach 

against the dominant south-westerly wave conditions. Incoming south-westerly waves can 

refract and diffract due to the breakwater. Orient Beach is open to the east and therefore 

exposed to north-north-easterly swells. The greater coastal region of East London can 

overall be considered as a generally exposed high-energy coast. Orient Beach however, is 

considered partially exposed - partially protected (due to the harbour breakwater), as it is a 

low-energy coast and not as open as the rest of the East Coast. 

The beach orientation of Orient Beach is shown in Table 78. The coastline of Orient Beach is 

orientated in a south-westerly, north-easterly direction. 

Table 78: Beach orientation at Orient Beach, East London 

 

KwaZulu-Natal south coast 

The KZN south coast is orientated to the north-east and is exposed to south-easterly waves. 

There are no headlands or islands preventing waves to reach the shoreline, therefore the 

coastline is directly exposed to high-energy waves from all southerly to easterly sectors. 

The beach orientations of the study areas on the KZN south coast are shown in Table 79. 

The study areas are denoted from south to north along the coastline. The orientations are 

overall quite similar as they are situated on a linear, open coastline. 
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Table 79: KZN south coast beach orientations 

 

Richards Bay 

Richards Bay is orientated to the north-east and is exposed to waves from the southerly to 

easterly sector (like East London and the Natal south coast). The study areas selected for 

Richards Bay are not situated inside the bay, but located on the open coastline adjacent to 

the bay. Therefore, the areas are much more exposed than areas inside the bay. The study 

areas on the southern and northern coastline of Richards Bay are open and exposed 

because they are not situated inside the bay. The northern breakwater provides some shelter 

from south and south-easterly waves entering the bay. 

The beach orientations of the study areas on the northern coastline of Richards Bay are 

shown in Table 80. The study areas are denoted from west to east from the northern 

breakwater at the Port of Richards Bay. The orientations are overall very similar, as they are 

situated on a linear, open coastline. 
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Table 80: Beach orientations at study areas in northern Richards Bay 

 

Table 81 shows the degree of beach exposure for each study location on the South African 

coast according to the criteria of Theron et al. (2010). 

Table 81: Degree of beach exposure at study locations 

 

It can be concluded that eastern Algoa Bay, the KZN south coast and Richards Bay have the 

most exposed beach sections. Jakkalsfontein is also relatively exposed, but rocky outcrops 

serve as protection to the shoreline. The coastlines of the KZN south coast and Richards Bay 

are generally linear, open and exposed, with no major headlands or reefs to provide 

protection from deep-sea swells. The coastlines of Algoa Bay and False Bay are partly 

protected and partly exposed from deep-sea waves. It can be seen that Saldanha Bay has 
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the most protected coastline, as it is a curved bay bounded by headlands and the occurrence 

of breakwaters, causing waves to refract, diffract and lose energy.  

6.5 BEACH MORPHODYNAMIC TYPE 

The interaction between waves, sediment and tides has been found to be the primary driver 

of beach type. Secondary drivers of beach type that account for the dynamic nature of 

beaches include local bathymetry, coastal topography, beach sediment sources, estuarine 

mouth dynamics, storm impacts and sea level rise (Govender, 2009). Short (2006) classified 

beaches on a scale from reflective to dissipative: 

1 – Reflective 

2 - Reflective -intermediate 

3 – Intermediate 

4 - Dissipative-intermediate 

5 – Dissipative 

The differences between dissipative and reflective beaches are discussed in Chapter 3.4. 

The surf similarity parameter or Iribarren number (Equation 7 in Chapter 2) was used to 

identify the beach type (or surf zone type) of each study location according to the 

classification of Battjes (1974). The breaker wave height was applied in Equation 7, instead 

of the deep-sea significant wave height. The breaker wave heights are also more 

representative of the local site characteristics. The wavelength at breaking was taken as the 

deep-sea wavelength. 

The Iribarren numbers and beach types determined at each study area of the study locations 

along the South African coast are shown in Tables 82 to 89. The beaches were classified 

according to Table 2 in Chapter 2.  

Table 82: Iribarren numbers and beach types of Saldanha Bay 
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Table 83: Iribarren numbers and beach types of Jakkalsfontein 

 

 

Table 84: Iribarren numbers and beach types of Table Bay 

 

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



132 

 

Table 85: Iribarren numbers and beach types of False Bay 

 

Table 86: Iribarren numbers and beach types of Mossel Bay 

 

Table 87: Iribarren numbers and beach types of Algoa Bay 
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Table 88: Iribarren numbers and beach types of Kwazulu‐Natal south coast 

 

Table 89: Iribarren numbers and beach types of Richards Bay 

 

Overall, the beach sections with milder slopes are more dissipative and the beach sections 

with steeper slopes are more intermediate or reflective. The Iribarren numbers for the study 

areas in Saldanha Bay are questionable as the wavelengths represent deep-sea waves and 

are not necessarily connected to each specific study area’s breaker height. The breaker 
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heights for Small Bay (S1 to S3) were not obtainable and therefore only the beach types of 

Big Bay (S4 to S8) could be determined. S8 has the mildest slope and was classified as 

dissipative while S4 and S5 have the steepest slopes and were thus classified as reflective. 

S6 was classified as intermediate. The study areas along the coast of Jakkalsfontein were 

classified as intermediate. The study areas in Table Bay were classified as both intermediate 

(Lines A and B) and dissipative (Lines C and D). The beach slopes at Lines A and B are 

steeper that at Lines C and D. The dominant beach type on the north-eastern coast of False 

Bay is intermediate, although several beaches with milder slopes were also classified as 

dissipative. The beach sections considered in Mossel Bay were classified as intermediate. 

Beaches surveyed in Algoa Bay were mainly classified as dissipative and Orient Beach in 

East London was classified as dissipative. Theron (2004) found that the breaker type at 

Orient Beach is mostly spilling or plunging, being more dissipative than reflective. Note that 

the calculated breaker height does not represent the actual breaking height at Orient Beach. 

This is due to the refraction coefficient being assumed as 1, but the waves do refract around 

the harbour breakwater, thus this value is calculated too high. It is recommended that an 

appropriate refraction coefficient be incorporated into the calculation of this breaker height. 

The dominant beach type on the KZN coast is intermediate, although some beaches on the 

southern coastline of Richards Bay were classified as dissipative and some beaches on the 

northern coastline of Richards Bay were classified as reflective. 

6.6 CONCLUSION 

Jakkalsfontein, most of East London, Richards Bay and the KwaZulu-Natal south coast have 

typical linear and mostly exposed coastlines while Saldanha Bay, Table Bay, False Bay, 

Mossel Bay and Algoa Bay are generally curved, although some of the beach sections 

considered inside these bays are straight. 

Overall, the beaches of Jakkalsfontein, the KwaZulu-Natal south coast and Richards Bay are 

quite steep. The beach profiles are somewhat milder sloped and wider in the southern part of 

Jakkalsfontein and steeper and narrower in the northern part. The beach slopes are overall 

moderately flat at Saldanha Bay, Table Bay and False Bay. The beach slope increased 

towards the north east (more exposed part) of Mossel Bay. The overall beach slopes were 

found to be relatively flat at Algoa Bay and East London. The overall beach slopes on the 

KwaZulu-Natal south coast are moderate to steep where the steepest slopes were found to 

be on beach sections with rocky outcrops in the nearshore. The beach slopes at Richards 

Bay were found to be quite steep. 
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The sediment was found to be medium at Jakkalsfontein, medium to coarse at Saldanha 

Bay, fine to medium at Table Bay with finer grains towards the south, fine to very coarse at 

False Bay with a majority of sand classified as fine and medium, mostly medium at  

Mossel Bay, fine to medium at Algoa Bay (medium to coarse at the Port of Ngqura), fine at 

Orient Beach (East London), medium to coarse on the KwaZulu-Natal south coast and 

medium at Richards Bay. 

The beach sections in Big Bay in Saldanha Bay ranged from reflective to dissipative. 

However, these classifications can be seen as inaccurate due to the manner in which the 

wavelengths were determined. The beaches along the coastlines of Jakkalsfontein,  

Table Bay and False Bay are mostly classified as dissipative, although some areas with 

steeper slopes are classified as intermediate. Beach sections considered in Mossel Bay are 

either dissipative or intermediate. Beaches surveyed in Algoa Bay and east London are 

mainly dissipative. The dominant beach type on the KwaZulu-Natal south coast is 

intermediate, although some beaches on the northern coastline of Richards Bay are 

classified as reflective. 
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7. ANALYSIS OF SOUTH AFRICAN COASTAL 
CHARACTERISTICSAND A COMPARISON TO SIMILAR 
COUNTRIES 

7.1 RELATIONSHIPS BETWEEN COASTAL PARAMETERS OF SOUTH 
AFRICA 

Regression analyses and correlation graphs can be a helpful tool to establish if there is a 

relationship between parameters, and if so, what this may be. Correlations can be positive, 

negative or none-existent. A positive correlation is observed when both values (on x-axis and 

y-axis) increase and a negative correlation is observed when the value on one axis increases 

and the value on the other axis decreases. No correlation means the data points are 

scattered and not linked at all.  

Sand grain size, beach face slope and wave energy 

As mentioned in the literature study, larger grain sizes occur on beaches exposed to high-

energy waves and finer sediments occur on beaches exposed to low-energy waves  

(Komar, 1976). According to Wiegel (1964) and Komar (1976), beach slopes tend to increase 

with an increasing grain size and decrease with an increasing wave energy. According to 

Waddell (1973), “larger grain sizes allow for increased percolation of wave uprush and a 

corresponding decrease in backrush volumes, which result in steeper beach face slopes”.  

The data points for sediment grain size and beach slope (Chapter 6) were used to construct 

correlation graphs; however, the correlations for a majority of the locations were not clear 

and did not logically lead to strong conclusions, although they did show positive correlations 

(increasing beach slope with an increase in grain diameter). The data points of Table Bay 

showed a strong, positive correlation, as shown in Figure 70. 
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Figure 70: Relations between beach face slope and median grain size for Table Bay 

In order to determine a reasonable relationship between the coastal parameters of South 

Africa, the data points for the various coastal parameters were plotted on an existing 

correlation graph of Komar (1976) based on various coasts of America. The two solid 

trendlines represent the average low-energy beaches and average high-energy beaches 

(East Coast and West Coast respectively). Figures 71 to 73 show the beach slope and 

median grain size data points of the West Coast and South-West Coast, South-East Coast 

and North-East Coast regions respectively.  

 

Figure 71: Relationship between beach slope and median grain size for the West and South‐west 

Coast of South Africa (Adjusted from Komar, 1976) 
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The median grain sizes at some areas in Saldanha Bay and False Bay exceeded 1 mm and 

could therefore not be properly plotted on Komar’s graph. At Saldanha Bay, the areas with 

steeper slopes had larger grain sizes and the areas with the milder slopes had smaller grain 

sizes. The smallest grain size at Saldanha Bay was plotted close to the low-energy line, and 

the largest grain size was plotted close to the high-energy line, which agrees with  

Wiegel (1964) and Komar (1976).The overall correlation at Jakkalsfontein is not clear. The 

data points are mostly concentrated on or above the high-energy boundary, with generally 

medium to coarse grains. The data points at Table Bay are plotted close to the low-energy 

boundary and a positive correlation (decreasing beach slope with decreasing grain size) can 

be concluded. The data points at False Bay are quite scattered, with points plotted above the 

high-energy boundary, between the low and high-energy boundaries, as well as below the 

low-energy boundary. The areas with coarser sand were mostly plotted close to or above the 

high energy boundary and the finer sands leaned towards the low-energy boundary – which 

is also in agreement with Wiegel (1964) and Komar (1976). It can be concluded that the 

north-east False Bay coast varies significantly and is quite diverse in terms of grain size 

distribution. The correlation at Mossel Bay is not clear, although overall, the smaller grain 

sizes correspond with the milder slopes. The majority of the data points are plotted close to 

the low-energy boundary.  

 

Figure 72: Relationship between beach slope and median grain size for the southern East Coast of 

South Africa (Adjusted from Komar, 1976) 

The data points of Algoa Bay are plotted close to both the low and the high-energy 

boundaries. Orient Beach at East London has fine-grained sand. The beach slope of  
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Orient Beach falls within the same range as the beach slopes of Algoa Bay that corresponds 

with fine sand. 

 

Figure 73: Relationship between beach slope and median grain size for the East Coast of South 

Africa (Adjusted from Komar, 1976) 

The data points of the KwaZulu-Natal south coast and the northern coastline of Richards Bay 

are quite scattered and a clear correlation cannot be seen. The southern coastline of 

Richards Bay could not be plotted on Figure 73 due to unavailability of data regarding grain 

sizes. The beach slopes of Richards Bay are relatively steep. The majority of data points of 

the KwaZulu-Natal south coast are plotted between the low and high boundaries and overall, 

the smallest grains coincide with the mildest slopes.  

Determination and comparison of beach slope predictors 

The obtained slopes at the study locations were compared with the numerical formulations of 

the beach slope of Sunamura (1984), Wiegel (1964) and Swart (1986).  

The beach slope (m) determined by Sunamura (1984) is presented in Equation 15. The 

beach slope is a function of D,H , T, and g. 

Equation 15 

m
0.12

Hb/g
0.5D50

0.5T .  
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Where H / gd T is a dimensionless parameter and 

H  = breaking wave height (m) 

T = wave period (s) 

D = sediment grain size (m) 

g = gravitational acceleration (ms-2) 

Figure 74 illustrates beach slopes obtained in the field plotted against the dimensionless 

parameterH /g . D . T. The dimensionless parameter was determined for all the study 

locations selected on the South African coast and plotted against their equivalent obtained 

slopes, as illustrated in Figure 75. The data is considerably scattered in both figures, 

however the data in Figure 75 is concentrated in the lower slope region, except for a location 

on the northern coastline of Richards Bay with a higher slope value. Other than a possible 

data error, no obvious explanation for this outlier can be found.  

 

Figure 74: Beach face slope of field data plotted against the dimensionless parameter  

(Sunamura, 1984) 

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



141 

 

 

Figure  75:  Beach  face  slope  of  all  study  locations  plotted  against  the  dimensionless  parameter 

determined by Sunamura (1984) 

The curve for the South African data in Figure 75 can be expressed in Equation 16. 

Equation 16 

Beach	face	slope
0.15

H /g . D . T
.  

Figure 76 shows the curves best fitted to Equation 16, namely Table Bay and Saldanha Bay 

with correlation coefficients of 0.97 and 0.5 respectively.   
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Figure 76: Beach face slope of Saldanha Bay and Table Bay plotted against the dimensionless 

parameter determined by Sunamura (1984) 

A trend is evident from the curves in Figures 75 and 76. It can be seen that the slope tends 

to decrease with an increase in the value of the parameter H /g . D . T. The slopes 

obtained from Equations 15 and 16 were overall, mostly similar. The beach slope increases 

as the breaker wave height decreases and the median grain size increases. It was concluded 

that the measured beach slope values were generally lower than the numerically predicted 

beach slope values at Saldanha Bay, Jackals Fontein, Table Bay, False Bay, Algoa Bay and 

East London; and higher than the numerically predicted beach slope values at Mossel Bay, 

the KwaZulu-Natal south coast and Richards Bay.  

Wiegel (1964) constructed a graph of the beach face slope (mBF) against the median grain 

size for protected, moderately protected and exposed beaches, as shown in Figure 77.  
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Figure 77: Relationship between beach slope and median grain size (Wiegel, 1964) 

Linear equations to represent the curves for protected, moderately protected and exposed 

beaches were determined from Figure 77 and are plotted in Figure 78. 

 

Figure 78: Average beach slopes of protected, moderately protected and exposed beaches 
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Equations 17 to 19 represent the beach slopes determined from the curves on Figure 89 for 

protected, moderately protected and exposed beaches respectively. 

Equation 17 

m . 0.503D 0.06 

Equation 18 

m .		 . 0.383D 0.062 

Equation 19 

m . 0.298D 0.065 

Where D50 is the median sediment grain size in mm. 

Table 93 in Appendix A.2 shows the beach slopes obtained from Equations 17 to 19 and the 

measured beach slopes at the study locations. The slopes obtained from Equations 17 to 19 

were overall reasonably similar to the measured beach slopes, although it varied more at 

some locations than at others. The measured beach slopes were slightly lower than the 

numerical beach slopes at Saldanha Bay and Mossel Bay, and slightly higher at Table Bay 

and Richards Bay. The measured beach slopes at False Bay appeared to be similar at some 

areas and very inconsistent at others. The overall trend indicates an increase in beach slope 

with larger grain sizes. 

Schoonees (1986) also determined a linear equation for the beach slope of protected 

beaches from Figure 88 (Wiegel, 1964), which is virtually the same as Equation 17. 

Equation 20 

m . 0.504D 0.06 

Where D50 is the median sediment grain size in mm. 

Swart (1986) also determined the slope of the beach face, given in Equation 21. 

Equation 21 

Beach	face	slope
1210D . H .

L .

0.22L
1000H
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Where D50 is the median grain size, H is the nearshore significant wave height and L is the 

wavelength. All parameters are measured in metres. The wavelength at -15 m to MSL is 

considered for the purpose of this thesis.  

The measured beach slopes and the numerically calculated beach slopes from Equation 21 

are remarkably similar. The measured beach slopes were slightly lower than the numerical 

beach slopes at Saldanha Bay, Table Bay, False Bay and East London; and slightly higher at 

Jackals Fontein, Mossel Bay, Algoa Bay, the KwaZulu-Natal south coast and Richards Bay. 

The beach slope tends to increase with increasing grain size and decreasing wave height. 

The complete data set of beach slopes determined from Sunamura (1984), Wiegel (1964) 

and Swart (1986) for all the study locations is shown in Table 93 in Appendix A.2. 

International Study 

A study was conducted at Areão Beach, located on the north-western coast of Portugal, to 

establish the relationships between different coastal parameters, mainly according to Short 

(1999). The obtained slopes were compared with numerical formulations for the surf zone of 

Kamphuis (1986) in Equation 22 and the beach slope of Sunamura (1984) in Equation 15 

(Chapter 7.1).  

Equation 22 

m 1.8	
H
d

/

 

The beach slopes calculated from Equation 15 were similar to the beach slopes calculated 

from Equation 22. It was found that the measured beach slope was slightly higher than the 

numerically calculated beach slopes. The numerical beach slope value increased when a 

larger grain size value and a smaller wave height was applied to Equations 15 and 22. It was 

found that the beach slopes were steeper where coarser sediments were found. This is also 

in accordance with Short (1999) who stated that beaches with more wave action have 

coarser sediments. Studies referred to by Pereira (2004) indicated that beaches that were 

more exposed to wave action tend to have steeper slopes. In the case of Areão Beach, it 

was also found that the beach slope tends to be steeper when the beach is exposed to 

higher waves (Coelho et al., 2009). Coelho et al. (2009) concluded that reflective beaches 

tend to have steeper slopes and dissipative beaches tend to have milder slopes. 
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Testing of beach face slope prediction models 

The accuracy of the beach slope model predictions by Sunamura (1984), Wiegel (1964) and 

Swart (1986) were tested against the measured beach slopes at all the study locations by 

means of the Root Mean Square Error of Prediction (RMSEP) defined in Equation 23. 

Equation 23 

RMSEP
∑ y y

n
 

Where ŷi is the predicted values (beach slopes from prediction models), yi is the measured 

values (measured beach slopes) and n is the number of measurements. Table 90 shows the 

RMSEP values obtained at each study location.  

Table 90: RMSEP values of the beach slope prediction models 

 

The Sunamura (1984) model performed considerably well against the measured beach slope 

data sets of most study locations, but under-predicted significantly for Richards Bay. The 

average RMSEP was found to be 0.06 (i.e. 3.43°). The beach slopes measured at Mossel 

Bay agreed the most with Sunamura (1984). The Wiegel (1964) model deviated the most 

from the actual data set but nonetheless performed well, with an average RMSEP of  

0.09 (i.e. 5.14°). The model under-predicted in some and over-predicted in other instances. 

Table Bay and East London agreed the most with Wiegel (1964). The Swart (1986) model 

performed similarly to the Sunamura (1984) model with an average RMSEP of 0.06 (3.43°). 

The model under- and over-predicted in some instances. Jakkalsfontein, False Bay and the 

Eastern Cape agreed the most with Swart (1986). The measured data sets are plotted 

against the prediction models, as shown in Figure 79.  
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Figure 79: Measured versus predicted beach slopes according to models of Sunamura (1984), Wiegel (1964) and Swart (1986)
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Beach orientation and nearshore significant wave height 

The orientation of the shoreline can strongly influence the coastline’s exposure to waves. 

Beaches situated in bays or on the leeside of large islands, headlands or breakwaters are 

less exposed to deep-sea waves and experience less wave action as the waves refract, 

diffract and dissipate energy, resulting in a decrease in wave height. The beach orientation 

gives an indication of how much the waves need to refract to reach the beach and can 

therefore affect the height of waves approaching the shore. Figure 80 shows the correlation 

between beach orientation and nearshore significant wave height of the study areas in Table 

Bay and Mossel Bay. Note that only the data points of Table Bay and Mossel Bay are 

shown, as the other study locations did not show clear correlations. Linear regression lines 

were fitted to the data to obtain correlation coefficients. 

 

Figure 80: Relationship between beach orientation and wave height 

Line A to D at Table Bay are denoted from north to south where Line A is the most exposed 

beach section and Line D is the most sheltered beach section. The coastline forms a 

concave curve with a headland situated on the southern side. Therefore, it is expected that 

the wave height is higher at Line A and smaller at Line D. The linear trendline in Figure 80 

indicates that the wave height decreases as the coastline becomes more concave, thus 

more orientated from the incident wave direction. It can be seen that the wave height at 
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Mossel Bay increases as the beach orientation changes from curved to more linear and 

decreases a little when the coastline becomes curved again.  

The beach orientations in Saldanha Bay vary because the bay is bounded by headlands on 

both sides, shaping it in a concave curve. Waves entering Saldanha Bay diffract and refract. 

The beaches most directly facing the waves approaching from the dominant wave direction 

have the highest wave action. The wave heights along the coastline of Jakkalsfontein are 

overall constant as the coastline is linear. The wave heights along the north-east coast of 

False Bay are also generally constant. The bay is formed in a slight curve and therefore the 

orientations of north-eastern beaches and north-western beaches vary. The areas situated 

on the curved coastline of Algoa Bay on the western side (north of a headland) have smaller 

wave heights than more exposed areas situated towards the north and east. The KwaZulu-

Natal south coast is linear and mostly directly exposed to waves. The wave heights are 

generally constant along the KwaZulu-Natal south coast, but tend to be slightly higher where 

the coastline is exposed to south-easterly waves (dominant nearshore wave direction) than 

where the coastline is exposed to easterly waves. The coastline of Richards Bay is linear 

with generally constant beach orientations. The average wave height on the southern 

coastline of Richards Bay is however slightly smaller than the wave height on the northern 

coastline due to inshore reefs in the southern area. 

Nearshore significant wave heights in False Bay and Algoa Bay were found to show little 

change along the coastline due to the manner in which these values were determined. The 

average wave directions were considered, but factors affecting the wave direction should be 

kept in mind. Processes such as wave refraction and wave diffraction take place as waves 

enter bays due to adjacent headlands. These processes cause a reduction in the wave 

magnitude and wave energy of the incoming waves. As the waves refract and diffract around 

the headlands, the wave direction also changes. This can cause different wave heights to 

reach different locations along the shoreline. In the event of storms, the waves approaching 

the shoreline will be higher and still vary along the coast depending on the degree of 

exposure. The wave direction changes all year round, therefore the average wave direction 

is not a precise indication of the wave conditions at a specific location. 

Beach width and nearshore significant wave height 

The data points for beach widths and nearshore significant wave heights of each study 

location were plotted to determine if a correlation exists. Although the data points of the 

Western Cape did not show strong positive correlations, the overall trend showed that wave 

height increases with increasing beach width. No correlation or trend could be observed from 
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the data points of the Eastern Cape. The overall trend of the data points of KwaZulu-Natal 

showed a negative correlation, thus decreasing wave energy with increasing beach width. 

Factors like longshore sediment transport or sediment yield to the coast probably plays a 

bigger role in beach width variation than was originally thought.  

Surf zone width and nearshore significant wave height 

The data points for surf zone widths and nearshore significant wave heights of each study 

location were plotted to determine the regression. Overall, the data points did not show 

logical regressions, except at Mossel Bay, as shown in Figure 81. A linear regression line 

was fitted to the data to obtain a correlation or regression coefficient. 

 

Figure 81: Relationship between surf zone width and wave height 

The regression line in Figure 81 indicates a positive regression. Thus increasing surf zone 

widths with increasing nearshore significant wave heights. In Mossel Bay however, a 

negative regression is observed from Profile 2 to Hartenbos, thus indicating decreasing 

wave heights with increasing surf zone widths. A positive regression is observed from 

Kleinbrak to Great Brak. This could be due to the fact that the latter is more exposed and 

open to deep-sea waves. Rocky areas in the surf zone can strongly affect both the inshore 

wave conditions and beach width, which is the case in Mossel Bay.  

Beach face slope, average beach and surf zone width 

As mentioned in the literature study, mild slopes commonly have wider beach widths and 

surf zones so more incident wave energy is dissipated, while more incident wave energy 

reaches the shoreline when the slope is steep (Mather et al., 2011). Figure 82 shows the 
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regression trend of the KwaZulu-Natal south coast, which agrees with Mather et al. (2011) 

that the beach slope increases as the beach width becomes narrower. The regression trends 

for Saldanha Bay, False Bay and Richards Bay were not as logical as the Natal south coast, 

but also showed negative regression trends, thus increasing beach slope with decreasing 

beach width. 

 

Figure 82: Relationship between beach slope and beach width on the Natal South Coast 

Table Bay, Mossel Bay and Algoa Bay showed positive regressions (increasing beach slope 

with increasing beach width). The data points, however, did not correlate well. The data 

points for the beach slopes and surf zone widths did not correlate well, except for Mossel 

Bay. The regression trend at Mossel Bay however showed that the beach slope increased 

with an increase in surf zone width, which contradicts Mather et al. (2011). However, the 

wider surf zone at Mossel Bay is ascribed to the extensive reef areas in the surf zone, which 

causes waves to break in shallower parts.  

Average beach width and sand grain size 

Wide beaches tend to have smaller grain sizes and narrow beaches tend to have larger 

grain sizes (Harris et al., 2011). Overall, the regression of the data points for the study 

locations in the Western Cape, Eastern Cape or KwaZulu-Natal did not support this theory 

and therefore a general regression trend could not be identified or concluded.  
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Average surf zone width and sand grain size 

Wide surf zone widths tend to have smaller beach grain sizes and narrow surf zone widths 

tend to have larger grain sizes (Harris et al., 2011), therefore a negative correlation would be 

appropriate. The regression trends of the majority of study locations were not consistent with 

Harris et al. (2011). The data points of the northern coastline of Richards Bay resulted in the 

best fitted regression, showing an increase in surf zone width with a decrease in grain size in 

Figure 83. 

 

Figure 83: Relationship between surf zone width and grain size at Richards Bay 

Average beach width and average surf zone width 

Overall, the data points of the study locations did not correlate satisfactorily to indicate 

definite regression trends between average beach widths and average surf zone widths. The 

data points at Mossel Bay displayed the best fit to a regression trend of increasing beach 

width with increasing surf zone width, as shown in Figure 84. 
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Figure 84: Relationship between beach width and surf zone width at Mossel Bay 

7.2 CONCLUSION 

The measured beach slopes at all the study locations were compared to the numerical 

formulations for predicting slopes of Sunamura (1984), Wiegel (1964) and Swart (1986). 

Overall, a good similarity was observed. The beach slope was numerically derived with the 

use of the dimensionless parameter H /g . D . T from Sunamura (1984). It was found that 

the measured beach slopes were generally lower than the numerical beach slope values at 

some locations and higher at others. It was concluded that the beach slope tends to 

decrease with an increase in the value of the parameter H /g . D . T and increase as the  

From the South African data covered in this thesis, the data points at Table Bay showed the 

clearest correlation between beach face slope and median grain size. A trend of increasing 

beach slope with increasing grain size was observed for Table Bay. The data points of all the 

study locations along the SA coast were plotted on an existing correlation graph of Komar 

(1976) based on various coasts of America, which showed the low- and high-energy 

boundaries for beaches. Overall, the study areas with smaller (thus finer) grains were plotted 

close to the low-energy boundary, and the study areas with larger (thus coarser) grains were 

plotted close to the high-energy boundary, which is in accordance with Wiegel (1964) and 

Komar (1976). The majority of the data points were plotted close to the low-energy 

boundary.  
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8. SYNTHESIS OF THE CHARACTERISTICS OF THE SOUTH 
AFRICAN COAST 

The South African coastline is complex, dynamic and energetic (Cowell et al., 2003) and 

stretches for over 3 000 km (Photius.com, 2004). Ecosystems on the South African coast 

include sandy (most dominant beach type), mixed and rocky beaches, coastal dunes, 

wetlands, estuaries and coral reefs (Eia.org.za, 2016). The estuarine and inshore 

ecosystems of South Africa consist of a sub-tropical east coast, warm-temperate south coast 

and cool-temperate west coast (Brown and Jarman, 1978). There are almost 300 estuaries 

in South Africa (Cooper, 2001). The South African coast does not have many embayments, 

headlands and lagoons (Mackie, 1993), and is therefore quite exposed.  

Long period swells, with a modal height of 2 m, dominate the South African coast. Waves of 

up to 8 m can be expected at least once along the South African coast during the autumn, 

winter and spring season. These storms approach mostly from the west and south-west 

(Rossouw et al., 2013). According to Rossouw (1989), peak periods around the coast range 

mostly between 9 s and 16 s, with a median of 12.5 s. A wave period of about 4 s to 8 s 

would represent local sea conditions. It was found that the wave height and wave period 

gradually decreased northwards up the west and east coasts, and similar wave conditions 

existed on the south-west and south coasts. Rossouw and Theron (2009) stated that larger 

waves occurred along the south-west and south coast and became smaller along the west 

and east coasts (moving northwards). It can be concluded that the wave climate along the 

South African coast is swell dominated due to the long wave periods. 

The South African coast can be divided into four coastal regions: 

1) (North) West Coast 

The west coast is an extremely diverse coast including coastal ecosystems like rocky cliffs, 

mixed beaches, exposed linear sandy beaches and small, partially sheltered bays. The 

north-west coast however, is mostly open and linear with only a few bays and no major 

headlands or capes. The west coast is exposed to the South Atlantic Ocean and is affected 

by the Benguela Current. Wave breaking is irregular (often due to rocky reefs or sand bars in 

the surf zone) and north-westerly longshore currents occur due to south-westerly to 

southerly offshore wave angles (Theron, 2016). Rip currents can occur along much of this 

coast, as found along most of the South African coast. 
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Jakkalsfontein and Saldanha Bay were selected as the coastal regions to represent the 

West Coast of South Africa. The coastline of Jakkalsfontein is linear and very exposed to 

high-energy waves, with little protection from wave attack. The beach strip is very uniform, 

although the beach widths and beach slopes vary, being slightly wider and flatter towards 

the south and narrower and steeper towards the north. It was concluded from an analysis of 

the nearshore wave climate at the study areas in Jakkalsfontein that the average nearshore 

significant wave height is about 1.8 m, the average wave period is 12 s to 14 s and the 

dominant wave direction is south-westerly. The sediment at the study areas on the 

Jakkalsfontein coastline was found to be medium sand (0.4 mm to 0.45 mm). Coarse sand 

was found where the beach slope was steep and the wave conditions more severe. It was 

found that the Jackals Fontein coastline is characterised by a fairly linear, moderately steep 

beach slope of about 0.1 along its total length. Beaches on the northern end are slightly 

steeper than beaches on the southern end. The beaches along the coast of Jakkalsfontein 

are mostly classified as dissipative, although some areas with steeper slopes are classified 

as intermediate. 

Saldanha Bay is the only natural, deep-water port on the west coast of South Africa. The 

wave conditions inside the bay are fairly calm as the waves refract and diffract due to South 

Head (Elandspunt) and North Head. It was concluded that the dominant wave direction is 

south-westerly. Sampling carried out by Flemming (1977) reflected that coarser sediments 

are found in high-energy zones of Saldanha Bay and finer sediments are found in the 

sheltered zone of Small Bay. The sediment at the study areas in Saldanha Bay was found to 

be mostly medium to coarse, with coarser sand in regions with rocky outcrops. It was found 

that the beach slopes were overall relatively mild at Saldanha Bay. Beaches at the study 

areas in Saldanha Bay were mostly classified as intermediate. Beaches with the mildest 

slopes were classified as dissipative. 

2) South-west Coast 

The South-west Coast is exposed to the South Atlantic Ocean and is affected by the 

Benguela Current. The South-west Coast has the largest bays on the South African coast, 

like False Bay, Table Bay, Saldanha Bay and St Helena Bay. The coastal regions on the 

south-west coast are extremely exposed to south-westerly waves generated by the easterly 

movement of low-pressure systems or cold fronts (Joubert and Van Niekerk, 2013). There 

are two types of sandy coasts on the south-west coast namely high-energy open shorelines 

characterised by reflective beaches (steep slopes and medium to coarse sand), and coasts 

characterised by dissipative beaches (milder slopes and fine to medium sand) found mostly 
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in sheltered embayments. Swells approach the shores mostly from a south-westerly 

direction. The coastline is generally quite diverse – with sandy and rocky beaches and 

mountainous areas. Cape Algulhas is the southernmost point on the African continent and 

the place where the Atlantic Ocean ‘ends’ and the Indian Ocean ‘starts’. Table Bay and 

False Bay were selected to “represent” the South-west Coast of South Africa, due to 

sufficient data that could be collated for these areas. 

Table Bay harbour is the oldest harbour in South Africa and is a natural, curved bay 

bounded by the headland Cape Point and the breakwater at Cape Town harbour. Table Bay 

is more exposed to the north and wave action gradually decreases to the south. It was 

concluded from the analysis of the nearshore wave climate at the study areas in Table Bay 

that the average nearshore significant wave height at -15 m to MSL is about 0.92 m, the 

average wave period is 12.8 s and the dominant wave direction is west-south-westerly. It 

was found that the sand at the study areas in Table Bay was classified as fine to medium 

and that the beach grain sizes become finer towards the south of the bay. This can be as a 

result of lower wave action in the south than in the north of the bay, as the southern part of 

the bay is more protected than the open, more exposed northern shoreline. The beach slope 

was found to be milder on more sheltered beaches. The overall beach slope at Table Bay is 

reasonably mild. The overall beach profile at Table Bay is classified as dissipative. 

False Bay is the largest natural bay in South Africa and one of the great bays of the world. 

The beaches of False Bay are embayed by Cape Hangklip on the east and Cape Point on 

the west. It was concluded from the analysis of the nearshore wave climate at the study 

areas in False Bay that the average nearshore significant wave height is about 1.16 m, the 

average wave period is 12.8 s and the dominant wave direction is south-westerly. It was 

found that the coarseness of the sediment at the study locations on the north-east False Bay 

coast varies from fine to very coarse, with the majority of sand classified as fine and 

medium. Some of the sections with fine sand have the smallest beach slopes. Overall, the 

beach slopes were found to be moderately flat along the north-east False Bay coast. The 

dominant beach type on the north-eastern coast of False Bay is dissipative, although many 

beaches with steeper beach slopes are also intermediate. 

3) South Coast 

The south coast is the longest coastal section of the South African coastline, makes up 

nearly half of the national shoreline and includes a few large open bays (adapted from  

Harris et al., 2011).The coast is rocky along some areas and rocky capes are interspersed 

with sandy bays. The south coast has high incident wave energy with predominant waves 
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approaching from a south-westerly direction and some waves approaching from an easterly 

direction (Theron and Van Ballegooyen, 2013). Like the South-west Coast, the South Coast 

has two types of sandy coasts namely high-energy open shorelines characterised by steeper 

slopes and more reflective conditions (with medium to coarse sand) and coasts with milder 

slopes and more dissipative conditions (fine to medium sand) - found mostly in more 

sheltered western parts of the bays. 

Mossel Bay was selected to represent the South Coast of South Africa due to data 

availability and is located in the lee of the headland Cape St. Blaize. Mossel Bay is exposed 

to the easterly swells of the Indian Ocean (Hugo, 2013). Hartenbos, Klein Brak River mouth 

and Duin and See (region between Great Brak River and Glentana) were selected as the 

study locations in Mossel Bay. The beach section at Hartenbos is mostly sandy while the 

nearshore seabed is mixed sandy and rocky. The coastline of Hartenbos is partially 

protected from waves by the western headland. Mega cusps and ridges occur at Duin and 

See and the region is more exposed to incident waves than Hartenbos, as its coastline is 

more open and linear. The dominant offshore wave direction is south-westerly and easterly. 

It was concluded from the analysis of the nearshore wave climate at the study areas in 

Mossel Bay that the average nearshore significant wave height is about 1.27 m, the average 

wave period is 9.6 s and the dominant nearshore wave direction is south-easterly. 

It was concluded that the sediment at the study areas in Mossel Bay was mostly medium 

and that finer sand is found on the beach section in Hartenbos and coarser grains are found 

at the Klein Brak River mouth and Great BrakRiver mouth. The latter are more exposed than 

Hartenbos. It was also observed that finer sands occur at areas with milder beach slopes 

and lesser wave action. The beach slopes vary along the coast of Mossel Bay. A trend 

indicating an increase in beach slope towards the north-east of the bay (quite exposed part) 

was observed. Beach profiles considered in Mossel Bay are either dissipative or 

intermediate. 

4) East Coast  

The East Coast is exposed to the Indian Ocean and is affected by the Algulhas Current. The 

high-energy coastline of the east coast is linear, open and interspersed with small pocket 

beaches at river mouths. The southern shoreline is rocky and quite irregular due to small 

headlands and rocky points. Sandy or rocky shores are found on the north-east coast. The 

east coast generally has a very narrow and steep continental shelf (Partridge and Maud, 

1987). South-westerly swells dominate the east coast.  
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The former Transkei coast is the transition between the south and east coast bioregions. 

The coast is mostly characterised by pocket beaches bounded by rocks or cliffs  

(Harris et al., 2011). The coastline of the southern East Coast is classified as mostly rocky, 

with some interspersed beaches. The areas selected to “represent” the southern East Coast 

were Algoa Bay and East London. The northern East Coast was represented by the 

KwaZulu-Natal south coast and Richards Bay. 

Algoa Bay is a wide, log-spiral shaped bay bounded by headlands Cape Recife in the west 

and Cape Padrone in the east. Port Elizabeth harbour and the Port of Ngqura (to a lesser 

extent) are situated on the leeward side of the Cape Recife headland (Bremner, 1983). The 

coastline of Algoa Bay is characterised by coastal dunes shaped by south-westerly wind (like 

the Alexandria dunefield situated between the Sundays River Mouth and the eastern 

boundary of Algoa Bay) and rocky reefs around Cape Recife and the Port of Ngqura  

(Carter, 2006). Sandy beaches between Cape Recife and Port Elizabeth Harbour are 

generally narrow and the beaches at Pollock and King’s Beach are wider (Theron, 2016). 

Dolosse are found along the shoreline between Port Elizabeth harbour and New Brighton. 

Sandy beaches between Swartkop’s River and the Port of Ngqura are classified as 

intermediate with transverse bars and rip currents (Theron, 2016). The coastline between 

the Port of Ngqura and Sundays River Mouth is sandy with the occurrence of cobbles. 

Beaches on the eastern coast of Algoa Bay are classified as intermediate (Carter, 2006). 

The average nearshore significant wave height in Algoa Bay was found to be 1.33 m, with an 

average wave period of 9.6 s and an average wave direction of 126°. The dominant wave 

direction was found to be SE-ESE. Sediments in the western half of Algoa Bay are 

predominantly fine to medium and medium in the eastern half of Algoa Bay. Sediments 

surrounding the Port of Ngqura are mostly medium to coarse. The sand on the western 

coastline of Algoa Bay is classified as fine to medium. Overall, the beach slopes were 

reasonably constant along the coast of Algoa Bay. The steepest beach slope was found in 

the eastern part of Algoa Bay and the mildest beach slope at King’s Beach. The eastern part 

of Algoa Bay is more exposed than King’s Beach. Beaches surveyed in Algoa Bay are 

mainly dissipative. 

The coastline of East London is mostly exposed and classified as generally rocky.  

East London is exposed to predominant waves from a southerly to north-easterly direction. 

There are no headlands to provide protection from swells, and the region can therefore be 

considered as an exposed high-energy coast. Orient Beach was selected to represent East 

London (due to availability of data) and is classified as a sandy beach with rocky outcrops at 
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the northern side. Orient Beach is exposed to easterly waves and protected from south-

westerly wave conditions by the southern breakwater of East London harbour, and therefore 

considered partially protected and partially exposed (thus a low-energy coastline). The sand 

on Orient Beach is fine and the beach is classified as dissipative. The nearshore significant 

wave height was found to be about 1.6 m, with an average wave period of 13 s and a wave 

direction of 140°.The dominant wave direction was found to be SE-SSE.  

The north-east coastline is linear and open with no major headlands or capes. The high-

energy shoreline consists of sandy beaches with high dunes, beach rock, small headlands, 

small bays and a few coastal lakes (Department of Environmental Affairs, 2014). The 

shoreline is characterised by reflective beaches (thus steep slopes and medium to coarse 

sand). Waves approach from south-south-westerly and occasionally easterly (less likely) 

directions. The nearshore zone is wave-dominated (Diedericks et al., 2011).  

KwaZulu-Natal is situated on the north east coast. Sandy beaches are the dominant beach 

type on the KwaZulu-Natal coast and are located typically on the north coast, while rocky 

shores are common on the south coast (Palmer et al., 2011). The lowland in the southern 

part of KwaZulu-Natal is very narrow and becomes wider towards the north. Beaches 

exposed to increased wave action from south-easterly swells on the open KZN coast tend to 

have steeper slopes than more sheltered areas. The KwaZulu-Natal Bight has a broader 

continental shelf and a gentler slope compared to other areas along the KwaZulu-Natal 

coast (Flemming, 1981).  

A majority of the beaches on the KwaZulu-Natal south coast are characterised by moderate 

and narrow beach widths and moderate and steep beach slopes, with coarse sand. It was 

concluded from the analysis of the nearshore wave climate at the study areas on the 

KwaZulu-Natal south coast that the average nearshore significant wave height is about  

1.34 m, the average wave period is 11.4 s and the dominant nearshore wave direction is 

south-easterly. Sediments on beaches south of Durban are found to have median grain 

sizes in the range of 0.3 mm (medium sand) to 0.9 mm (coarse sand) (Theron and 

Rautenbach, 2014). The grain sizes at the study areas along the KwaZulu-Natal south coast 

were found to be mostly medium and coarse, although fine sand occurred (to a lesser 

degree) at beach sections near river mouths. Very coarse sand was found on some steep 

beach sections. The coarse sediment of KwaZulu-Natal and Namaqualand produces steep 

and narrow beaches with high berms (Cooper, 2001). The beach widths at some sections 

were found to be wider when the beach slopes are milder. 
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Richards Bay Harbour is one of the largest harbours in South Africa. It was concluded from 

the analysis of the nearshore wave climate at the study areas on the southern and northern 

coastlines of Richards Bay that the average nearshore significant wave height is about  

1.3 m, the average wave period is 11.5 s and the dominant nearshore wave direction is 

south-easterly. It was concluded that the coarseness of the sand grains at the study 

locations on the coastline of Richards Bay is mostly medium. Overall, the beach slopes at 

Richards Bay are quite steep, which can be due to the fact that the southern and northern 

coastlines of Richards Bay are mostly open and exposed to wave action. The dominant 

beach type on the northern East Coast is intermediate, although some beaches north of 

Richards Bay are considered reflective, which could be linked to the progressive long-term 

shoreline erosion. 
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9. CONCLUSION 

The purpose of this thesis was to evaluate the relationships between the coastal geophysical 

characteristics of the coastal regions of South Africa and to provide an overall, systematic 

characterization of the features of the South African coast and the abiotic factors affecting 

them. The focus of the research was on the inshore characteristics of sandy beaches on the 

South African coastline.  

Chapter 5 discussed the abiotic drivers affecting the study locations selected along the 

South African coast. Amongst them, nearshore waves in particular, affect the shoreline in 

various ways. Beaches with less wave action (thus smaller waves) tend to have larger sand 

grains and steeper slopes. The significant nearshore wave conditions at -15 m to MSL were 

determined at the selected locations by converting wave data at -15 m to MSL for a return 

period of one year obtained from Rossouw et al. (2014) using wave data from  

Rossouw (1989). The deep-sea significant wave height was required to calculate the breaker 

height, which was used to determine the Iribarren number and beach type. The mean 

nearshore significant wave height at -15 m to MSL was converted to an equivalent mean 

deep-sea significant wave height, as the deep-sea wave heights at the study sites were not 

obtainable. It was assumed that the waves break perpendicular to the shore and therefore 

the refraction coefficient, KR, was taken as 1. The refraction coefficient was retained to 

maintain wave height variation along the coast, thus the wave height is considered 

consistent along the section of beach investigated.  The refracted nearshore significant wave 

height at -15 m to MSL was then “reverse shoaled” (divided by the shoaling coefficient) to 

give the equivalent deep-water wave height. The shoaling coefficient was determined (KS) 

using methods described in US Army, Corps of Engineers (1984). Bottom friction was not 

included in the calculation of KS.  

Table 91 shows the overall average nearshore significant wave height at -15 m to MSL, the 

equivalent deep-sea significant wave heights and the average breaker heights at the study 

locations along the coast of South Africa.  
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Table 91: Average breaker heights at the study locations 

 

As confirmed by Table 93, the wave conditions are calmer on coastlines in bays than on 

open coastline. It can be concluded that Jakkalsfontein (open coastline) has the most 

energetic coastline while the selected areas in Table Bay and Saldanha Bay (protected 

bays) have the least energetic coastlines. Note that the calculated breaker height does not 

represent the actual breaking height at Orient Beach. This is due to the refraction coefficient 

being assumed as 1 for the purpose of this thesis, but the waves do refract around the 

harbour breakwater, thus this value is calculated too high (indicated in red). It is 

recommended that an appropriate refraction coefficient be incorporated into the calculation 

of this breaker height. The average significant wave heights in the bays only indicate the 

waves approaching from the average dominant wave direction. It should be kept in mind that 

processes like refraction and diffraction cause a reduction in the wave magnitude and wave 

energy of incoming waves and also change the wave direction. This causes some areas in 

bays to be exposed to higher waves and other areas to be exposed to lower waves. Storms 

throughout the year can also affect the nearshore wave heights to increase (in bays and 

along open coastlines). 

Chapter 6 discussed the coastal geophysical parameters at selected areas representing the 

coastal regions of South Africa. Table 92 shows the overall average geophysical 

characteristics at the study locations. 
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Table 92: Geophysical beach characteristics of study locations 

 

It can be seen from Table 92 that in general the selected areas along the South African 

coast have medium-grained sand. The coarsest sand was found at Saldanha Bay and the 

finest at Orient Beach in East London, which also has the mildest beach slope. The steepest 

beach slope occurs at Richards Bay. The majority of the selected locations along the South 

African coast are classified as dissipative. Some beaches at Richards Bay are classified as 

reflective. 

According to the criteria for beach exposure by Theron et al. (2010), Jakkalsfontein, the 

KwaZulu-Natal south coast and Richards Bay have the most exposed beaches as they are 

linear and open coastlines. It was found that Saldanha Bay has the most protected beaches 

as it is bounded by headlands and breakwaters occur in the bay.  

A summary of general relationships between coastal parameters and the findings in this 

thesis are listed below: 

 The beach face slope is directly proportional to grain size and indirectly proportional 

to wave energy, as determined by Komar (1976) based on various coasts of the 

United States of America. Thus the beach slope increases with increasing grain size 

and decreasing wave height. Steeper beaches tend to have larger sand grain sizes 

because waves can move larger particles higher up the beach. Flatter beaches tend 

to have smaller grain sizes as the grains are rolled back and forth by the waves. 

Reis and Gama (2009) surveyed beaches along the Southwest Portuguese Atlantic 

coast and their findings agreed with this conclusion. Short (1999) however, stated 

that beaches with more wave action have coarser sediments and Pereira (2004) 

indicated that beaches that are more exposed to wave action tend to have steeper 

slopes. Thus, it seems that there is not consensus concerning the general 

relationship between wave regime and beach parameters such as beach slope or 

grain size. Some reasons for this are that other factors such as sediment availability 
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(or abundance), water level variations (e.g. tides), other wave parameters (e.g. 

period and angle) and local three-dimensional hydrodynamics also have significant 

effects on the beach characteristics. 

 The measured beach slopes at all the South African study locations were compared 

to the numerical formulations for predicting slopes of Sunamura (1984),  

Wiegel (1964) and Swart (1986). Overall, a good similarity was observed. It was 

concluded that the beach slope tends to decrease with an increase in the value of the 

dimensionless parameter, H / gd T,of Sunamura (1984); and increase as the 

breaker wave height decreases and the median grain size increases. 

 Coarser sand was found in regions where rocky outcrops occurred and finer sand 

was found near river mouths. 

 The sand of the back beach is generally more fine-grained and well sorted compared 

to the beach face (Geology.uprm.edu, 2016). 

 Mather et al. (2011) found that mild slopes commonly have wider surf zones and 

beach widths so more incident wave energy is dissipated, while more incident wave 

energy reaches the shoreline when the slope is steep. 

 According to Inman (1953), seasonal winter storms along the southern coast of 

California transport sediment offshore, resulting in a narrower, coarse-grained winter 

beach. Offshore sediments are transported back onto the beach during summer, 

resulting in a finer-grained beach. 

The coastal regions of South Africa, namely the west coast, south-west coast, south coast, 

east coast and the north-east coast, were characterised in terms of coastal features. The 

west coast is an extremely diverse coast including coastal ecosystems like rocky cliffs, 

mixed beaches, exposed linear sandy beaches and small, partially sheltered bays. The 

beaches along Jakkalsfontein (representative study area of the west coast) were mostly 

classified as dissipative, although some areas with steeper slopes are classified as 

intermediate. Saldanha Bay, Table Bay and False Bay in the Western Cape were selected to 

represent the south-west coast. The coastline of the Western Cape is very diverse – with 

sandy and rocky beaches and mountainous areas. The predominant beach type in the 

Western Cape is intermediate. The south coast has a few large open bays. The coast is 

rocky along some areas and rocky capes are interspersed with sandy bays. Mossel Bay was 

selected to represent the south coast and overall, Mossel Bay was classified as either 

dissipative or intermediate. The east coast has a linear, high-energy coastline that is 

interspersed with small pocket beaches at river mouths. The southern shoreline is rocky and 

quite irregular due to small headlands and rocky points. Sandy or rocky shores are found on 

the north-east coast. Algoa Bay and East London were selected to represent the east coast. 
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Overall, the east coast was classified as dissipative. The north-east coastline is linear and 

open with no major headlands or capes. The high-energy shoreline consists of sandy 

beaches with high dunes, beach rock, small headlands and small bays. The KwaZulu-Natal 

south coast and Richards Bay were selected to represent the north-east coast. Overall, the 

shoreline of the north-east coast is characterised by reflective beaches. 

In general, South African beaches are predominantly intermediate, followed by dissipative 

beach types. Reflective beaches in South Africa occur mostly along the KZN coast. 
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10. RECOMMENDATIONS   

A great deal of existing beach data on the South African coast, especially sediment 

characteristics and beach slopes, is outdated. The coast changes constantly and it is 

recommended that better representative field data should be obtained more frequently and 

that coastal geophysical data should be collected and updated at more coastal regions in 

South Africa. Due to a lack of availability of beach data, some calculations and conclusions 

are based on outdated data and are not necessarily still accurate. GIS topographic data to 

determine the nearshore beach slopes was originally considered in this thesis, however, the 

results were questionable and it was concluded that data from historic physical beach 

analyses was more accurate and logical. In order to have determined the beach types, the 

breaker wave height was required and assumptions were made to calculate approximate 

breaker heights at the study locations. Better data and information on breaker heights 

around the coast of South Africa would be ideal to obtain results that are more accurate. 

Coastal management around the South African coast can improve, by continuing and 

strengthening coastal research programmes and conducting more relevant studies regarding 

nearshore characteristics. It should be kept in mind that waves refract and diffract as they 

enter a bay, whereas on open linear coastlines, high-energy waves reach the shoreline. The 

deep-sea wave conditions are therefore not representative of the conditions in the nearshore 

of bays.  
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12. APPENDIX A 

A.1 BEACH PROFILES  

 

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



180 

 

 

 

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



181 

 

 

 

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



182 

 

 

Figure 85: Cross‐shore beach profiles at Jackalsfontein 
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A.2 BEACH SLOPE MODELS 

Table 93: Beach slope models of Sunamura (1984), Wiegel (1964) and Swart (1986) 
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