Directional wave spectra on
the east coast of South Africa

S Corbella, D D Stretch

Directional wave spectra provide detailed information about wave climates some of which

can be important for coastal vulnerability assessments and design applications. Spectral data

is also important for calibrating and validating spectral wave models that are widely used in
coastal engineering. This paper discusses directional spectra derived from measurements on

the east coast of South Africa (16-year data set). A variety of spreading functions are applied and
compared. The Cosine-2s and Gaussian distributions produce similar results and seem to give an
appropriate representation of directional spreading at the case study location. The spectra show
some seasonal variations, with the broadest directional spreading in summer and the narrowest
(from the southeast) in winter. The winter season also has the highest wave energy of the seasons.
The spectral data has no clear evidence of cyclone activity contributing significant northeasterly
wave energy as has often been conjectured for this location. The occurrence of wave energies
above a threshold that causes significant coastal erosion varies seasonally, and mainly comprises
long period swell waves linked to distinct weather systems. The analysis and results reported here
provide insights for modelling coastal vulnerability and designing coastal infrastructure.

INTRODUCTION

Summary wave statistics (e.g. wave height,
period and direction) are an incomplete and
often insufficient means of characterising
complex wave fields. Parameters such as
significant wave height, peak wave period and
direction are only partial descriptors of the full
wave energy spectrum and neglect significant
spatio-temporal information. Understanding
wave directional spectra, including their vari-
ability and seasonality, has important applica-
tions in coastal vulnerability assessment and
engineering design. For example, some beach
types may only be vulnerable to specific wave
directions, and this information may not be
evident in basic wave statistics.

Spectral wave models have become an
integral part of coastal engineering design
and assessments. Detailed calibration and
validation of these models can be improved
by using measured directional wave spectra.
Therefore, understanding site-specific fea-
tures of directional wave spectra is an increas-
ingly important component of all coastal and
marine work. The measurement and analysis
of directional wave spectra has captured
global interest for a variety of applications,
but mainly for the application of spectral
wave models. For example, Alves and Melo
(1999) analysed Brazilian wave data with the
intention of creating input data for numerical
models of wave evolution. Lucas et al (2011)
analysed directional wave spectra from
Portuguese coastal waters and North Atlantic
locations in an attempt to create a statistical
description of the wave climates, while Naffaa
(1995) collected and analysed wave spectra

data along the Nile Delta coast to estimate
longshore sediment transport and to design
coastal protection works.

The east coast of South Africa (Figure 1)
has two relatively long records of wave data.
Basic wave statistics derived from the data
have been reported by Corbella and Stretch
(2012d), Rossouw (2001) and Rossouw (1984),
but no detailed descriptions of the measured
directional wave spectra have been published
to date. The region has an energetic wave
climate and some chronic erosion problems
are occurring on the KwaZulu-Natal
coastline (Corbella and Stretch, 2012a, c).

The principal forcing mechanisms for
storm waves on the KwaZulu-Natal coastline
are generally thought to be associated with
three weather systems, namely (1) cold fronts
and coastal lows, (2) extra-tropical cyclones
and cut-off low pressure systems, and
(3) tropical cyclones. Detailed descriptions
of South African weather conditions can
be found in Hunter (1987), Preston-Whyte
and Tyson (1993), and Taljaard (1995). Cold
fronts or extra tropical cyclones move from
west to east and are associated with large
intense wave fields. The effect of these
systems on the KwaZulu-Natal coastline is
relatively small compared to the effects on
the west coast and southern east coast. Cold
fronts and coastal lows generally exist closer
to the coast than cut-off lows or cyclones,
and are therefore typically associated with
smaller wave heights and shorter periods
from a southerly wave direction. Cut-off
lows are associated with a southeasterly
wave direction, but form further offshore
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Figure 1 Map of South Africa showing KwaZulu-Natal with locations of the wave recorders

and produce longer period waves. Tropical
cyclones are sometimes cited as an important
destructive force along the KwaZulu-Natal
coast. However, recent research has suggested
that these events may not be as significant as
previously conjectured (e.g. Kruger et al 2010;
Corbella & Stretch 2012b). Tropical cyclones
produce long period waves typically from the
north-east or east-north-east.

The aims of this paper are (1) to compare
various directional spreading functions for
the directional wave spectra, (2) to investigate
seasonal variations in wave spectra, (3) to
elucidate the spectra typically associated with
erosive storm events, and (4) to evaluate the
difference in spectral characteristics of wave
events driven by distinct weather systems
such as tropical cyclones near Madagascar.
We start by describing the available data and
the methods used for the analysis, followed
by a presentation of the results, in turn
followed by a discussion.

METHODS

Case study

The east coast of South Africa (Figure 1)
has two relatively long records of wave data
measured at Durban and Richards Bay.
Basic wave statistics derived from the data

Table 1 Summary of wave statistics from
Richards Bay wave records (1997 - 2013)
including significant wave height Hs,
peak period Tp and directions 6

st\;(ﬁ;,teic REEEE Rlean pergcgetn};ile
Significant wave heights Hs (m)
All seasons 1.49 1.60 343
Summer 142 1.51 3.01
Autumn 1.46 1.59 3.61
Winter 1.50 1.66 3.57
Spring 1.57 1.66 3.39
Wave periods Tp (sec)
All seasons 11.1 11.0 16.6
Summer 10.0 10.2 15.5
Autumn 11.7 11.4 16.6
Winter 11.9 12.5 18.1
Spring 10.5 10.6 16.6
Wave directions (degrees)
All seasons 147 139 NA
Summer 134 133 NA
Autumn 145 139 NA
Winter 151 145 NA
Spring 147 139 NA

Table 2 Historical wave recording instruments, their operating periods and water depth

Instrument Date Depth (m)
g;lrzb;; T 23/08/2007 — 30/04/2013 30
gg}];rr‘iz Sgal Buoy 11/06/1997 — 14/10/2002 22
g‘lcri‘;ri; Ef’\’)(,averi der 08/11/2002 — 30/04/2013 22

have been reported by Corbella and Stretch
(2012d), Rossouw (2001) and Rossouw (1984).
A summary of these wave statistics is given in
Table 1, and wave roses are shown in Figure 2.
The largest waves tend to occur during the
autumn and winter seasons, followed by
spring and summer. All directions are stated
in the nautical convention.

Spectral data

Spectral data for the east coast of South

Africa is limited to Durban and Richards Bay
(Figure 1). The collection of wave data at both
sites has been primarily for port operations.
Although Richards Bay has 34 years of spectral
wave data, this study was solely concerned with
directional wave spectra that are only available
for 16 years. Durban has only six years of
directional wave spectra data. Durban’s
six-year data set is from a single 0.9 m diameter
Datawell Directional Waverider buoy located

at constant coordinates and a water depth of
30 m (Table 2). The Richards Bay data sets

are made up of two different instruments,

but located at the same coordinates and a
water depth of 22 m (Table 2). The directional
wave recording buoys that have been used

on the east coast of South Africa have been
predominately Datawell Waverider buoys
with the exception of a CSIR-developed buoy
(called a GPS 3D buoy) using similar principles.
The Waverider buoys sample at a rate of 1.28
Hz, and therefore collect a total of 256 heave
samples every 200 seconds. The available data
sets have spectral data available at 3-hour,
1-hour and 0.5-hour intervals.

It should be noted that the waves recorded
by the wave recording buoys do not accurately
represent deep-water waves. To explore the
effects of refraction we simulate waves of
different periods and directions with constant
wave heights in a calibrated SWAN model
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(a) All seasons North (b) Summer North
West West
South
(c) Autumn North (d) Winter North
West West
South South
(e) Spring North .
- . 0.8:10 (Booij et al 1999). The SWAN model consists
. 10:12 of three curvilinear grids. The coarse grid
has an average cell size of 500 m x 500 m, the
. 12:15 medium grid is 120 m x 120 m and the fine
grid is 20 m x 20 m.
15:18 The recorded data consists of frequency;,
18:2.0 power spectral density (PSD), mean wave
direction and directional spread for each
West 2.0:2.5 frequency interval. The directional spread is
the standard deviation of the wave directions
25:35 in the recording interval, and is defined as:
Ps5:45
o(w) = V2(1 - m;(@)) @
B 2s5:900
where
[l o0 : infinity
my(@) = Vat(w) + bi(w) @
South
is the amplitude of first harmonic and a,
Figure 2 Wave roses for Durban and Richards Bay wave data for both combined and seasonally and b; are angular Fourier coefficients in an
grouped cases (reproduced from Corbella & Stretch 2012d) expansion of the form:
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Table 3 Months associated with each season

Season Months
Summer December — February
Autumn March — May
Winter June — August
Spring September — November

D(w, 0) = %{1 +2) 0 {a, (@)cos(nd)

+ b, (w)sin(n0)}] (3)

Directional spreading

Directional wave spectra are a means of
describing superimposed sea states, where each
sea state has a unique wave number, frequency
and direction of propagation. The directional
wave spectrum therefore represents the dis-
tribution of wave energy in the frequency and
direction domain, and is generally expressed as:

E(w, 8) = S(w)D(w, 6) )

where E(w, 6) is the directional wave spec-
trum, S(w) is the frequency spectrum and
D(w, 0) is the angular distribution or direc-
tional spreading function. The directional
spreading function is dimensionless and is
normalised so that:

*7 Dlw, 0)d0 = 1 ®)

Directional distributions of sea states are
inherently difficult to measure, so there
remains limited knowledge on the subject
(e.g. Goda 2008). Directional distributions
can be derived directly from the Fourier
coefficients a,, a,, b; and b, without requir-
ing the use of a model (Kuik et a/ 1988;
Datawell BV 2010). The available data for the
present study does not contain the Fourier
coefficients, and so models of the directional
distributions are applied. In this study we
considered four directional spreading func-
tions: Gaussian, uniform (Top-hat), Cosine-
squared and Cosine-2s distributions.
Motivation for the use of a Gaussian
distribution can be found in the central limit
theory. Taking the directional spread of waves
at frequency w as the standard deviation of
the wave directions o(w), the Gaussian direc-
tional spreading function can be expressed as:

O-6,@)*

1 e 20(w)? 6)

D(w, ) = ——
@ 6) o (W2
where 6y(w) is the mean wave direction for
frequency .

A uniform or Top-hat distribution as
a spreading function can be used to

2.0

Diretional spreading function
= =
o i
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o
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Figure 3 Directional distributions of: Gaussian, Cosine-squared, Top-hat and Cosine-2s with a

directional spread of 0 =30°and s = 15

demonstrate the sensitivity of the directional
spectrum to the directional distribution. The
Top-hat distribution is defined by:

1 when 10— 0y < 22
D(, 6) = { o) 2@
0 otherwise

The Cosine-squared distribution is perhaps
the simplest of the idealised directional dis-
tributions. The Cosine-squared distribution
is defined as:

2 c0s2(6 - 6,(w))
D 6 =1 "  when|6-6,w) <§ ®)

0 otherwise

The Cosine-2s model is widely used due to its
simplicity and general effectiveness (Kumara
et al 1999). It was proposed by Longuet-
Higgins et al (1963), and is expressed as:

D(w, 0) = G(w)coszs(w)[@)@] ©)

where

2s(w)T2
Glo) = 2252 (s(w) + 1) (10)
2T (2s(w) + 1)
and where I'() is the gamma function, and s
is the spreading parameter.

Methods for estimating the spreading
parameter s have been proposed by
numerous authors (e.g. Mitsuyasu et al 1975;

Hasselmann et al 1973; Cartwright 1963;
Wang 1992; Goda 2008). In this study we
avoid the need for wind data by estimating s
from the first Fourier harmonic, an approach
that is widely used (Zhang & Zhang 2006)
and yields the result:

s(@) = Mm@
1 - my(w) (11

Figure 3 shows plots of the four different
directional spreading functions with

the directional spread taken as o = 30°.

A directional spread of 30° is representative
of the average directional spreading for the
dominant wave energy frequencies (refer

to Figure 10). The plot illustrates that the
Cosine-squared, Cosine-2s and the Gaussian
distribution are very similar.

Seasonal distribution of

directional wave spectra

The three data sets were compared both
with and without grouping the data into
seasons defined using the meteorological
convention (refer Table 3). The seasons were
compared using difference plots and by com-
puting Pearson and Spearman correlation
coefficients.

Exceedance percentiles of

erosive storm events

Corbella and Stretch (20124, b) previously
found that significant wave heights
exceeding 3.5 m were typically associated
with major coastal erosion, and they
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Figure 4 Comparison of the averaged Durban Waverider directional spectra using Gaussian, Top-hat, Cosine-squared and Cosine-2s spreading
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: : ] ] ‘ 3 & i

(d) Cosine-2s distribution

(c) Cosine-squared distribution

'
! ‘

(e) Satellite

270°

20.0
17.5
15.0
12.5
10.0
7.5
5.0
2.5

180°

(f) Directional wave spectum

Figure 5 Simulations of a sea state (1 km2) in Richards Bay on 10 March 2004, using the (a) Gaussian, (b) Top-hat, (c) Cosine-squared and (d) Cosine-2s
spreading functions. A (e) satellite image (1 km?) is shown alongside the (f) directional wave spectrum using a Gaussian spreading distribution

Table 4 Parameters used in the SWAN model

Table 5 Refraction of deep water waves to the location of the Durban wave recording instruments

Bottom friction

Madsen et al

(1988)
Friction coefficient 0.02
Non-linear triad interaction Deactivated
Wind growth Deactivated

White-capping

Active (Komen

et al 1994)
Quadruplets Deactivated
Refraction Activated
Frequency shift Activated

Wave forcing

Dissipation rate

Accuracy

0.02 in 99% of
grid points

Maximum iterations

25.00

therefore used this as a threshold criterion

to define a storm event. In a similar fashion

the peak storm energies were related to the

3.5 m significant wave height threshold.

The associated peak energy threshold was

58

Parameter Value Direction/Period 30 60 90 120 150 180 210
Depth-induced breaking ]a]fl:';tejis(i;;l& 10 42 66 92 118 150 174 200
15 46 71 96 118 148 169 199

Alfa 1.00
20 46 73 98 119 147 167 196

Gamma 0.80

then used as an indication of significant
erosive events. In the present study, the
energy exceeding this threshold was used to
investigate exceedance percentiles in (w, 0)
space. These distributions provide valuable
information about the energy distribution
of erosive storm events, and therefore can
have important applications in coastal
vulnerability assessments and in the design
of coastal works.

RESULTS

In this section we start by investigating the
effects of refraction between deep water
waves and waves recorded by the wave
recording buoys. We then compare the
different directional spreading distributions,
identifying an appropriate one. This is then
used to compare the three data sets. The
seasonality of the energy spectra is then
presented. Finally the (w, 0) distribution of

wave energy for erosive storms is presented.

Refraction of deep water waves

Since the Durban data is recorded at a depth
of 30 m and the Richards Bay data is recorded
at a depth of 22 m, there can be significant
refraction of the deep-water waves. This is
particularly true for the long period waves.

A calibrated SWAN model was used to
estimate the effects of refraction. The SWAN
model parameters are detailed in Table 4.

A deep-water significant wave height of 2.5 m
was used for all the simulations, while varying
the wave period and the wave direction from
10-20 seconds and 30°-180° respectively. The
simulation results are limited to the Durban
wave recording instruments and are shown
in Table 5. For the 21 simulations in Table 5
on average the waves refract by 6° and a
maximum of 16°. The largest refraction occurs
for deep-water waves that approach from a
30° wave direction. Since Richards Bay’s wave
recorder is in shallower water it would not be
unreasonable to expect refractions as large as
20 degrees.
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Figure 6 Comparison of the averaged Durban and Richards Bay data and their difference for (a) - (c) the entire data set, (d) - (f) summer,

(g) - (i) autumn, (j) - (I) winter, (m) - (o) spring
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Figure 7 Comparison of (a) Durban’s wind rose (2007 - 2013) and (b) Richards Bay's wind rose (1997 - 2013)
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Figure 8 Comparison of Richards Bay's averaged directional spectra data recorded by (a) a directional GPS 3D buoy (1997 - 2002) and
(b) a directional Waverider buoy (2002 - 2013); (c) shows the percentage difference between the two recording instruments

Comparison of spreading functions
Figure 4 shows the averaged directional
spectra for the Durban Waverider data
using the Gaussian, Top-hat, Cosine-
squared and Cosine-2s directional spreading
distributions. Figure 4 also includes the
percentage difference plots relative to
the Gaussian distribution. The plots
demonstrate a very similar distribution,
and comparison of all the spectra give
Spearman rank correlations near unity.
On visual inspection the Gaussian and the
Cosine-2s distributions produce the most
similar results. They have Spearman and
Pearson correlations of 0.99. The difference
plots show an absolute difference of 3.7%.
The other directional distributions differ
from 20% to 60%. The major difference
between the distributions is in their tails,
while the main body of the distributions are
generally similar.

Figure 5 shows simulations of Gaussian
waves using the WAFO Matlab tool-box

(WAFO Group 2011). The simulations are
of recorded data from 10 March 2004 using
the four spreading functions (a) Gaussian,
(b) Top-hat, (c) Cosine-squared and

(d) Cosine-2s. The simulations are compared
to (e) a Google Earth satellite image. The
Gaussian, Cosine-squared and Cosine-2s
simulations are almost indistinguishable
and look similar to the satellite image,

while the Top-hat distribution does not
replicate the appearance of a real sea state.
We conclude that the Gaussian, Cosine-
squared and Cosine-2s distributions are all
able to model a real sea state. There is no
generally accepted standard functional form
for directional spreading in the literature.
The results using the Gaussian distribution
are very similar to those of the widely used
Cosine-2s distribution (Figure 3). Since the
statistical theory underpinning the Gaussian
distribution is widely familiar, we adopted

it for our evaluation of the directional wave
spectra characteristics.

Comparison of Durban

and Richards Bay

Corbella and Stretch (2012a) claimed that

the Durban and Richards Bay data was suf-
ficiently similar to be used interchangeably.
However, they did not consider the directional
information since only six years of data is
available for comparison. Furthermore, com-
parisons based on averaged statistics from
short data sets are not definitive, because it
has been found that a minimum of 50 years of
data is required to accurately estimate a wave
climate and obtain a representative average
(WASA Group 1998).

Averaged directional spectra for both
Richards Bay and Durban are shown in
Figure 6. Both locations have similar energy
distributions between 90° and 180° and
similar peak energies between 135° and 180°.
However, it is evident from the difference
plots that Durban has stronger northeast-
erly energy components. Richards Bay is
approximately 160 km away from Durban
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Figure 9 Richards Bay's averaged seasonal distribution where (a) is the entire data set,
(b) is summer, (c) is autumn, (d) is spring and (e) is winter
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Figure 10 The seasonal average directional spread (o) per frequency for Richards Bay

and any meteorological forcing between

the two locations will result in a northerly
component for Durban and a southerly com-
ponent for Richards Bay. The existence of
such events may explain why Durban has a
stronger northerly component and Richards
Bay has a higher peak energy in the south.
This may also be a function of the coast’s
orientation that allows a longer northerly

fetch at Durban. Much of the northeasterly
energy is contained around relatively high
frequencies (greater than 0.1 Hz). These fre-
quencies are usually associated with locally
generated wind waves. Figure 7 shows wind
roses for Durban and Richards Bay. Durban
winds are more frequent and stronger from
the northeast than the Richards Bay winds.
The additional northeasterly wave energy
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.4 .
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180° 0 180° 0 applications and coastal vulnerability
(d) Spring (e) Winter assessments.

Comparing data from

different instruments

Richards Bay has five and a half years of
directional data from a directional GPS

3D buoy, and more recently ten and a half
years from a directional Waverider buoy
(Table 2). These two recording instruments
do not overlap, and so it is not possible to do
a direct comparison. Figure 8 shows a com-
parison of the averaged directional spectra of
the two wave recording instruments. Since
these averages show similar directional spec-
tra, and the recording instruments were in
the same location, it is acceptable to combine
the data sets into a 16-year record.

Richards Bay seasonality

All of Richards Bay’s directional spectral
data were combined into a 16-year record to
produce the average seasonal spectra plotted
in Figure 9. In addition we present the average
directional spread per frequency (Figure 10).
There is little seasonality in the Richards Bay
data. Figure 10 shows that the seasons have
different magnitudes of variability and may
be placed in descending order of variability
as summer, spring, autumn and winter. The
energy is spread over the widest range of
directions during spring and summer. This
is due to the absence of large swell waves in
these months, and these months also being
the windiest months of the year. These two
factors result in the average distributions
being influenced by the predominant south-
westerly and northeasterly winds. Autumn
and winter do not show as much variability,
but have more energy due to the presence of
southeasterly storms during these months.
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6.4

Figure 11 Richards Bay’s distribution of storm wave energy (Hs > 3.5 m), where (a) is the entire
data set, (b) is summer, (c) is autumn, (d) is spring and (e) is winter. The distributions are

presented as percentage exceedances

This feature is also evident from the Durban
data in Figure 6.

Distribution of erosive storm energy
Figure 11 shows the percentage exceedance
of the wave energies (Hs > 3.5 m) that

could potentially erode a sandy coastline,

as discussed earlier in this paper. The
Durban data is not shown, as it is similar

to the Richards Bay data and only covers

six years. Figure 11 shows bimodal features
with two storm components, one from

the south-south-east, the other from the
east-south-east. Their relative importance
shifts seasonally. As expected, the storm
waves for these events typically have low
frequency (0.05 — 0.1 Hz), which is indicative
of swell waves generated far offshore. Locally

generated wind waves with generally higher
frequencies (or shorter periods) are not
evident in these plots, because they do not
produce sufficient energy to exceed the
threshold criterion used. Winter seems to be
strongly dominated by a south-south-easterly
swell. Figure 12 shows the three largest storms
(in terms of significant wave height) in the
past decade. These storms clearly show the
south-south-easterly energy component that
is so prominent in Figure 11. The storm event
in the year 2007 was particularly destructive,
and Corbella and Stretch (2012c) showed that
many of the eroded beaches took six years to
recover. The strong east-south-east energies
in summer may be evidence of tropical
cyclones contributing to erosive conditions.
These exceedance percentiles for potentially

5.6
4.8
4.0
2.4
1.6
0.8
180° 180° 0 180°
(a) All seasons (b) Summer (c) Autumn
5.6 erosive wave energy are clearly important for
48 coastal vulnerability assessments.
4.0
5 5 3.2 DISCUSSION
« N 2.4 The available directional data in the case
16 study region only totals 16 years, and there-
fore cannot be considered as fully repre-
08 sentative of the wave climate (WASA Group
180° 180° 0 1998). Nevertheless, while cognisant of the
(d) Spring (¢) Winter limitations in the short data record, several

key features are already clearly evident.
Firstly there is no evidence of significant
northeasterly wave energy, with the excep-
tion of locally generated wind waves in
Durban. It therefore seems apparent that
tropical cyclones contribute very little to
northeasterly storm waves outside of sum-
mer. It is expected that only cyclones enter-
ing the Mozambique Channel are capable of
producing storm waves from the northeast
and will generally only contribute to east-
south-easterly wave energy, as is evident
from Figure 13. It must be remembered
that, due to wave refraction, many of the
waves measured as east-south-east may be
east-north-east deep-water waves. These
waves, particularly in summer and autumn,
may be evidence of tropical cyclones. The
majority of waves, including the largest
energy contributions, come from the
southeast and seem to be associated with a
combination of cold fronts and cut-off lows.
The determination of wave origins can only
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Figure 12 Directional wave spectra of the three largest wave events recorded in Richards Bay during the past decade. The dates of the recordings are
indicated below the plots, as well as the significant wave heights (Hs), the peak period (Tp) and the peak direction (Dir)
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Figure 13 Tropical cyclone tracks (eye of cyclones) in the western Indian Ocean between 1985 and
2005 (adapted from Wikimedia Commons)

be achieved by investigating the forcing
mechanisms.

Secondly, the wave energy spectra show
some seasonal variations. Summer storm
waves are produced in the south-southeast
and the east-southeast. The occurrence of
the east-south-easterly component domi-
nates in summer, even with the prevalence
of strong northeasterly winds and tropical
storms in the same season. The contribution
of the two storm components changes in
autumn and the south-south-easterly com-
ponent dominates. This is due to storms that
move up the coast from the south. The effect
of these storms becomes even more preva-
lent in winter, where storm swells are only
evident from the south-southeast. Winter
also contains the most wave energy. Spring
shows signs of the transition from winter to
summer, with evidence of a bimodal energy
distribution occurring.

In order to fully analyse these spectra,
the wind and swell components should be
partitioned and analysed separately. Once
this partitioning has been performed, the
associated spectra may be linked more
directly to meteorological forcing, such as
circulation patterns associated with sea level
pressures. This may also be the only way to
clearly identify and fully evaluate cyclone
contributions.

Many coastal regions around the world
are facing the prospect of increasing
vulnerability to erosion and episodic storm
damage due to climate change and associated
sea level rise. Planning for this requires
developing improved models of the wave
climate that can incorporate climate change
impacts — examples are given by Callaghan

et al (2008), and Corbella and Stretch (2012b,
2013). Directional wave spectra contain
information that should improve the realism
of these models by providing greater detail
concerning the wave characteristics that

are important for specific applications and
contexts. Furthermore, directional data

can facilitate the linking of wave events

to their meteorological forcing. Weather
systems such as tropical cyclones and other
important wave generating circulation
patterns are expected to be affected by
climate change. Therefore, linking them

to location-specific wave characteristics

is helpful in developing fidelity in wave
simulation models.

CONCLUSION

In this paper we have presented a formal
analysis of directional wave spectra data from
the east coast of South Africa. Measurements
from two locations about 160 km apart were
analysed and found to be generally similar,
but with some differences in the directional
energy distribution — the Durban data has
more northeasterly energy than Richards

Bay. Various spreading functions have been
investigated, and the Cosine-2s and Gaussian
distributions produce similar results and

are representative of directional spreading
along the east coast of South Africa. There is
evidence of seasonality in the directional wave
spectra. Summer and spring have the least
energy and the most directional variability,
while winter has the most energy with the
majority of it focused from the southeast.
There is no clear evidence of tropical cyclones
contributing significant northeasterly

wave energy. For design and vulnerability
considerations the southeasterly wave energy
is the most important.
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