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Abstract. Sandy shorelines are dynamic with constant energy source for erosion in the coastal zone, while erosion
changes that can cause hazards in developed areas. Thee to an increase in water level is a well-developed concept
causes of change may be either natural or anthropogeni¢Bruun 1962. Zhang et al(2004 analyzed the recovery of
This paper evaluates evidence for shoreline changes and thetine US east coast barrier beaches and found that the beaches
causative factors using a case study on the east coast of Soutbcovered to their long-term trend positions after storms re-
Africa. Beach morphology trends were found to be location-gardless of storm severity. It was concluded that storm events
specific, but overall the beaches show a receding trend. lare not responsible for long-term coastal erositivang et al.
was hypothesized that wave, tide, sea level and wind trend§2004) stated that, since no evidence has been given to show
as well as anthropogenic influences are causative factorsignificant increases in storminess and since human interfer-
and their contributions to shoreline changes were evaluatecence is neither worldwide in extent nor uniform regionally,
Maximum significant wave heights, average wave direction,sea level rise is the most plausible contributor. It is worth
peak period and storm event frequencies all show weak innoting that this statement may not consider dams and sed-
creasing trends, but only the increases in peak period an@ment mining on rivers that are arguably a worldwide hu-
wave direction are statistically significant. The chronic beachman interference and contribute to long-term coastal erosion.
erosion cannot be attributed to wave climate changes sinc&ingh(1997 has previously analysed beach profile data from
they are still too small to explain the observations. Instead,Trinidad and Tobago in an attempt to identify climate- related
the impacts of sea level rise and reductions in the supply othanges. Wave data were not considered, 3ingh (1997
beach sediments are suggested as the main causative factoidentified significant erosion. Since anthropogenic impacts
The analysis also identifies a trend in the frequency of seversuch as sediment mining are not an issue in Trinidad, it was
erosion events due to storms that coincide with a 4.5-yr ex-speculated that the erosion was from sea level rise.
treme tide cycle, which demonstrates the potential impact of Rivers play an important role in sediment supply and have
future sea level rise. been estimated to supply 80% of the global beach sedi-
ment GESAMP, 1994). Reduction in sediment yield from
rivers may be natural and anthropogenic. River sediments
are exported to the sea almost exclusively during large floods
1 Introduction (Rovira et al, 2005 Hsu et al, 2004, and so steady erosion
trends may exist between these episodic flood events. An-
Shoreline erosion has long been a concern to enginkers (  thropogenic impacts on fluvial yield have become a global
mont, 1954. Long-term erosion of a coastline has three main cgncern, and sediment mining and damming of rivers have
causes: sea level rise (eMdather 2008 Han et al, 2010, been identified as significant impacts. Recent examples of
meteorological changeRouault et al.2009 2010 thatmay  rejated international research inclutiguete et al.(2009;

result in wave climate changes, and a reduction in sedimentjang(2011); Dai et al.(2008; Dang et al(2010.
supply. Woodroffe (2003 identified waves as the principal
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In March 2007, the KwaZulu-Natal coastline on the east
coast of South Africa suffered severe erosion due to an ex-
treme storm event. This event stimulated local debate on
whether the wave climate on the east coast of South Africa
had changed causing more serious wave impacts more often.
Changing wave climates have been investigated by numerous  NAMIBIA
authors. In the Northern HemispheWdang and Swai{2001,

2002 andWang et al (20043 found that between 1958 and
1997 changes did occur in winter and autumn significant
wave heightsWang et al(2004h found that, in the past half
century, the changes feature a significant increase in the num-
ber of strong winter and spring cyclones over the North Pa-
cific, and of strong autumn and winter cyclones in the North
Atlantic. Analysis of a 45-yr high resolution hindcast for the
North Sea byweisse and Stawa(2004) showed that storm
activity and extreme wave heights had increased from about
1960 onwardsKeim et al.(2004 concluded from their study

of global climate models and empirical records that the past
two decades have shown a decrease in the frequency of tropi-
cal storms but that there is a strong suggestion of an increase \Ces ORTH
in the frequency of very strong (extreme) storrf@mar coasT
and Allan(2008 analysed 30 yr of records from three wave
buoys in the Atlantic. They found that there has been an in-
crease in the number of occurrences of waves exceeding 3 m,
those generated by hurricanes, and in particular, the most ex-
treme significant wave heights record&tieron et al(2010
analysed wave data from Slangkop in South Africa and found
that significant wave heights of storm events were increasing.
There is uncertainty as to whether the above-mentioned doc-
umented trends are a result of anthropogenic climate change
or are part of natural cycleR(iggiero et al.2010.

Decadal trends in beach morphology need to be consid-
ered in formulating coastal management plans to mitigate
future risks. Through a case study of the east coast of South
Africa, this paper aims to evaluate evidence for (1) trends in
shoreline/beach evolution; (2) changes in wave climate such
as trends in wave parameters and/or the frequency of extreme
events; (3) links between shoreline/beach changes and wave
climate trends or other causative factors.

KwaZulu-
Natal

Richards Bay
Durban

eThekwini Municipality

Fig. 1. A map of the South African coastline showing the location
of the case study site at Durban and Richards Bay and a map of the
2  Methods eThekwini Municipality showing the beach profiles.

2.1 Case study site

rise in sea level combined with possible changes in wave
The city of Durban is a popular tourist destination on the characteristics can cause significant impacts. This has mo-
east coast of South Africa (Fid). Like many coastal cities, tivated further research into the trends of the east coast wave
Durban is concerned about the risks posed by wave and sediimate and erosion of its beach profiles.
iment trends. The eThekwini Municipality (Durban’s local
authority) has adopted a pro-active approach to addressing.2 Beach profile data and analysis
climate change issues and has recently begun to quantify the
potential impactsMather(2007) initiated this process when The Durban Bight (Profiles A—23 in Figda) has histori-
he analysed South African tide gauge recordings from be-<ally suffered from erosion as a result of the adjacent har-
tween 1970 and 2003. He found that sea level rise in Durbatbour activities. Consequentially, the bight has a comprehen-
is 2.7 mmd= 0.05 mm per year at a 95 % confidence level. A sive data set from 1973. As the municipality grew, so did
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2.4 Wave and wind data

1 LENGTH

Rossouw(1984) reviewed all of South Africa’s available
AREA

wave data and concluded that only the wave recording buoy

2= LENGTH ~ VSL (Datawell Waverider Buoy) data were reliable enough to use
Im) for design work. This limited Durban’s wave data set to
om o 18 yr between 1992 and 2009 from two Waverider buoys and

an acoustic doppler current profiler (ADCP). The two Dur-
Fig. 2. Beach profile area (volume per meter) above 1 m chart datumygn \Waveriders have a comprehensive set of data, while the
(CD) (approximately mean sea level, MSL) and beach profile lengthDurban ADCP data have large gaps and are measured at a
atthe 2mand 4m CD contour. shallower water depth than the other instruments (Taple
Diedericks (2009 found that the Richards Bay Waverider
data have a good correlation with Durban’s data. His con-
the monitoring of profiles and some profiles have been in-c|ysjons were verified by finding a Pearson correlation be-
troduced to the monitoring programme as recently as 2007yyeen the Richards Bay data, Durban’s Waveriders and the
The analysis of the profiles was restricted to those with datsapCp. There is a strong correlation between the Waverid-
including or preceding the year 1992. The profiles are meagrs put not the ADCP. The Richards Bay data were therefore
sured at least every three months using a theodolite refergsedin place of the ADCP as well as to supplement any miss-
enced to fixed benchmarks. Profile |engthS were analysed a.hg data_ Since any trends in the Durban data may represent
the 1 m, 2m and 4 m chart datum (CD) contours as they apthe shoaling and refraction effects of waves being recorded
proximate the swash zone. Profile areas (volume per meteth, different water depths, the Richards Bay data were also
and beach volumes were also analysed and were calculatgthalysed to confirm the results of the Durban data. The Dur-
above 1m CD (about mean sea level at this location). Theyan data will be the focus of this paper, and the Richards Bay
definition of profile area or volume per meter and profile gata will only be referred to as required.
|ength are shown in F|Q The beach volume was calculated The Waveriders Samp'e atarate of 10 HZ, and wave statis-
from the profile areas a.nd the diStanceS betWeen the proﬁleﬁcs are Ca|cu|ated at102s interva's_ The maximum wave pa_
using the end areas method. rameters were then extracted at three hour intervals, and the
The available data can be summarized as comprising thregy|jowing parameters were analysed annually and seasonally:
time histories: (1) a time series of profile lengths at the 1 m,The maximum wave heighffmax s the largest wave recorded
2mand 4m CD contour; (2) a time series of profile areas ofip 3 recording period; the significant wave heigiy which
volumes per meter; and (3) a time series of beach volumes. i, deep water is equal todno wheremo is the area un-
der the wave spectrum; the peak perifidis the period at
2.3 Singular spectrum analysis which the maximum energy density occurs and is the inverse
of the peak energy frequengy, T, = 1/fp and the average
Singular spectrum analysis (SSA) was performed on the propeak period and average significant wave height. The aver-
files to filter the data and identify any trends. SSA decom-age wave direction is the azimuth from true north and was
poses a time series into a sum of constituent parts that chaanalyzed as a vector of significant wave height.
acterize variations over different time scales. The reader is Storm events were also analyzed in terms of occurrence,
referred toGolyandina et al(2001) or Hassani(2007) for duration and calm period. A storm event was defined as a
detailed descriptions of SSA. wave event that exceeded a 3.5m significant wave height.
SSA was done on all the profile data from 1973 to 2009 The duration was defined as the time from when the signifi-
and from 1995 to 2009. The beach profiles were grouped int&ant wave heights exceeded the 3.5m threshold until the sig-
blocks based on their position and data record. Four blocksificant wave heights fell below this threshold for at least
were created: B—F; 1-18; 19-23; BR6-BR9 (see BligThe two weeks. The two week interval is intended to ensure inde-
end areas method was then used to create block volumes. pendent consecutive storm events and is similar to that used
single slowly varying eigenvector was used to approximatein previous work (e.gCallaghan et a|2008. The Spearman
the volume time series trends. autocorrelation coefficient dffs shows a decay to low values
SSA was also used to gauge the appropriateness of infef~< 0.1) within two weeks, which supports the assumption
ring a cause and effect relationship between sea storm trendbat the selected storm events are statistically independent.
and erosion trends. Wave height and tidal trends were comThe calm period was defined as the time between consecu-
pared to the four block volumes, and Kendatfiscorrelation  tive storm events.
coefficients were used to identify their association. Finally, A linear regression analysis was performed on the wave
SSA was used to analyze the trends in local wind speed datdata to evaluate trends.
for the period 1995 to 2009 and to assess any influence on Wind measurements at 20 min intervals from the Dur-
erosion trends. ban port were obtained for the years 1995 and 2009. The
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Fig. 3. Locations of beach profiles and wave recording instruments. Coordinate system: Lo 31 W&384files A to 23 of the Durban
Bight and the Durban Waverider Budly) Profiles BR6 to BR10 of the Durban Bluff Beaches and the Durban ADCP.

Table 1. Historical wave recording instruments, their operating pe- 3 Results
riods and water depth.
3.1 Beach profile trends

Instrument Period of operation  Depth (m)

Durban Waverider 1992-2001 42 The profile trends were extracted from the beach volume time
Durban ADCP 2002—2006 15 series using SSA. The trends were limited to a single slowly
Durban Waverider 2007—-2009 30 varying eigenvector. Figurd shows the time series for the
Richards Bay Waverider 1992-2009 22 block volumes of B-F, 1-18, 19-23 and BR6-BR9. Figlire

illustrates that beaches have been eroding over the 37 yr pe-
riod in an approximately linear manner. Blocks B—F, 1-18
and 19-23 have more erratic beach volumes relative to BR6—

measurements were at elevations between 80m and 90 BR9- This is because they are more strongly influenced by
above sea level. The data were corrected for altitude using® Sand bypass scheme and the beach profile evolution is
a 1/7-th power law approximation for the velocity profile. Unnatural.

Wind data were analysed similarly to the wave data using a o
threshold value of 14 nT<. 3.2 Quantifying long-term trends

Following the results of the singular spectrum analysis, it was
evident that the long-term trends could be approximated by
a linear trend. Long-term beach profile trends were therefore
analyzed using linear regression. Figérehows the results

of the long-term analysis of profile volumes per meter from
1973/1988 to 2009. Figusimilarly shows the results from
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Fig. 4. Singular spectrum analysis of beach volume blocks showing the original time series by the solid line and the reconstructed time series
shown by the dashed line. Each data point represents a 3 month infaj\Bliock volume B—F(b) Block volume 1-18(c) Block volume
19-23,(d) Block volume BR6—BR9 (refer to Fig).

1995 to 2009. The majority of the central beach profiles (4 to

8
18) have been increasing over the past 37 yr (B)g.This i, T I
is expected as it is an area intensely managed by the eThek% 2 T Ta_n_ 00l an. i A |
wini Municipality in an attempt to mitigate the erosion poten- g > |* I "I T NALII INNRRRELS I |‘| 1" || 1
tial developed by the harbour breakwaters and maintenance? i
dredging. The Vetch’s Bight (19 to 23) and the majority of g_l'fj |

12

the Bluff beaches (BR6 to BR10) have been receding over 2 .. neveonwag
the years (Figs5 and6). )

Table 2 shows the percentage of profiles with regards
to volume and length that have increasing or decreasingg s profile volume per meter annual rate of change (1973/1988—
trends. The percentage of statistically significant trends isxopg).
also shown. Statistically significant trends are defined as
trends whose 95 % confidence intervals have the same signs.
Over 37yr, the length of the 2m and 4 m CD contours hasmeter and volume measurements are therefore more appro-
been increasing for almost 60 % of the profiles (TaBle  priate for quantifying long-term erosion trends.
However, over the same time period, almost 60 % of the pro- The 15yr of data show approximately 70 % of the profiles
file areas and 100 % of the beach volumes have been decreat® be decreasing in terms of length and area.
ing. This implies that the 2m and 4 m CD contours describe
profile shape changes but not losses or gains. The volume per
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Table 2. Type of trend experienced by the beach length at the 2m and 4 m CD contour, volume per meter and volume during the period of
1973/1988 to 2009 and the beach length at the 1 m CD contour and volume per meter during the period of 1995 to 2009. The percentage of
data contributing to the type of trend is shown as well as the percentage of statistically significant data.

Trend Increase Decrease
Time Period Measurement Data (%) Statistically Significant (%) Data (%) Statistically Significant (%)
Length (2m CD) 59 90 41 79
Length (4 m CD) 56 84 44 80
1973/1988-2009 \ /i me per meter 33 91 67 77
Volume 0 NA 100 100
g Length (1 m CD) 27 25 73 53
1995-2009 Volume per meter 30 46 70 58
s beaches of sediment. The remaining profile losses cannot be
§ 10 attributed to beach structures. They could be the result of a
§ 5 reduction in sediment supply to the beaches or a result of
<o I | | increased frequency and or intensity of storms. The potential
5 ° contribution of these three factors is discussed in Sebto
50 Sect.3.8

-20

3.3 Wave parameter trends
Profile
Tables3 and4 show the annual rate of change of wave pa-
Fig. 6. Profile volume per meter annual rate of change (1995-2009fameters over the past 18 yr for Durban and Richards Bay
respectively. Wave directions were only measured at Durban
after 2002 while Richards Bay has wave direction data from
3.2.1 Beach gains 1997 onwards.
Table 3 shows that the maximunifmax has been slowly
From Fig.6, it can be seen that the beaches have had sigincreasing in each season except for spring which has not
nificant gains from profiles G to 4 in descending order. Thisexperienced a change. The maxim#fg also shows an in-
is a result of stormwater outfalls stretching across the shorecreasing trend in all seasons except spring where it has been
line. Profile 4 marks the location of the Bay of Plenty groyne. decreasing. AveragHs shows virtually no annual change.
Profile 1 corresponds to Somtseu Road stormwater outfall, The maximumT, behaves similarly to the maximuis.
and profile G is Argyle Road stormwater outfall. Profile BR9 Average wave direction is increasing in all the seasons except
and BR10 are the only profiles in the Bluff region that have winter where it is slowly decreasing.
accreted, which is also a result of stormwater outfalls. Un- The 95 % confidence intervals in Tatdshow that the ma-
like the semi-permeable Bay of Plenty groyne which is de-jority of the calculated trends are not statistically significant.
signed to retard the littoral transport, the stormwater outfallsThe only exceptions are the increasing trends in average and
are intended only for discharging stormwater into the oceanmaximum7j, and in the average wave direction.
However, the large concrete stormwater outfalls intercept the Richards Bay data (Tabk) show somewhat different re-
littoral transport and trap sand on their up-drift sides. Thissults to the Durban data. In this case, the only statistically
causes accretion on the up-drift beaches but consequentiallgignificant trends are in autumn and show a decrease in the

starves down-drift beaches and induces erosion. maximumT, and an increase in the averafje Furthermore,
the average autumn wave direction is decreasing, which con-
3.2.2 Beach losses trasts with increases in the other seasons, but the latter are
not statistically significant at the 95 % confidence level.
Other than isolated gains, Figs.and 6 show that most of The limitations of short duration data are illustrated by

the profiles have lost sediment. It is no surprise that, northconsidering the effects of the 2007 storm event. The storm
of the groyne field (G and 4), there is a high loss rate whichoccurred in March and therefore affects the results for the
decreases gradually until it becomes a gain at profile CDautumn season in particular, but also affects those for the
As previously explained, this happens because the groynedata set as a whole. For Durban, without the 2007 event, the
trap sediment on their up-drift side and starve the down-driftautumn season showed a decreasing trend in maxi#gm
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8 113 the 95 % confidence level. The Richards Bay results are sim-
ilar.

112

111

o

3.5 Link between sea storms and erosion trends
11

o

B 2 2

- 109 Figure 8a—d compares the SSA-filtered significant wave
height trends to the volume trends in blocks B-F; 1-18;
19-23 and BR6-BR9. Tablé gives the Kendall'stg cor-
relation coefficients (with corresponding p-values) between
wave heights and beach volumes. The correlation coefficients
for the first three blocks are small and negative, but not sta-
tistically significant at a 95 % confidence level. However, the
correlations for block BR6—BR9 are larger and statistically

Fig. 7. Frequency of events exceeding 3.5 m shown by the columnSignificant. A negative correlation is expected because wave

chart and simulated highest astronomical tides of each year relativ@€ight is a driver for erosion that requces beach volumes (e.g.
to mean sea level shown by the dashed line. Woodroffe 2003. However, the profiles north of the harbour

entrance are strongly influenced by the sand bypass system.
The trends in erosion for blocks B-F; 1-18; 19-23 are bet-

This single storm event was large enough to change the trender explained by variations in the sediment supply from the
and similarly for the combined all season results. In the cas&and-pumping scheme, as discussed further in Set.

of Richards Bay, the 2007 event did not affect the trends of

the combined seasons but did affect the autumn trend. Thes&6 Link between water levels and erosion trends

results, taken together with the inconsistencies between the

two locations, indicate that trends in the wave parametersigure 9 shows the tide trends and the four block volume
cannot yet be deduced with confidence from the availablerends deduced from SSA, while correlation coefficients are
data. A much longer data record is required to balance ougompiled in Table’. The plots show a distinctive dip in beach

the effects of extreme events such as the 2007 storm event.volumes during the peak in tidal trend. Blocks B—F and 1-18
have been recorded over two tidal peaks and have the largest

3.4 Storm trends correlation coefficients with a mean ef0.25 and with p-
values less than.002 (Table7). A significant negative cor-
All the storm events, as per the definition in Se&tt, were  relation is again expected because higher water levels extend
extracted from the data to determine if there had been an inthe onshore penetration of wave energy. Blocks 19-23 and
creasing trend in the frequency and duration and a decreasingR6—BR9 are only recorded over one peak of the tidal trend,
trend in the calm period of these storm events. Figlgleows  and both of these blocks have weaker correlations with the
the frequency of events exceeding dgof 3.5 m. tidal trend that are not statistically significant at the 95%
The data show an increasing trend in the frequency ofconfidence level. The weaker correlation at block 19-23 may
events exceeding 3.5m at a rate ddTb+ 0.16 events per be related to effects of the sand bypass system, while blocks
year which is not statistically significant at the 95 % con- BR6—BR9 have a weak correlation because they are domi-
fidence level. There does however seem to be a four yeanated by chronic erosion.
cycle in which a multitude of events occurs within a year, The Bruun rule Bruun, 1962 provides a simple relation-
namely 1993, 1997, 2001 and 2006. This cycle is similarship between sea level rise and profile retreat, although it is
to the time of the lunar perigee coinciding with either the not always appropriately applied (see €goper and Pilkey
March or September equinox, a 4.5yr extreme tide cycle2004). In the present study, it was used to identify and eval-
(Pugh 1987. The tide levels shown in Figli were simu-  uate the contribution of sea level rise to the observed chronic
lated from the general astronomical tide formula using the 8erosion. Closure depths were calculated for profiles C, D, F
most relevant astronomical constituents. Since both tidal levand 13 (Fig.3), and the Bruun rule was applied to them. A
els and storm frequency are associated with erosion, the odinear sea level rise of 0.0027 myrwas assumed based on
currence of the two mechanisms simultaneously is a signifithe estimate byviather(2007). Table8 shows a comparison
cant erosion concern. The cycle is not as clear in the Richardbetween measured volume changes and those estimated by
Bay data and is not evident in the wind data. Tabkhows  the Bruun rule. The average measured loss in profile volume
the trend in storm frequency, duration and calm period. Theis 1.97 ¥ m~1yr—1 with an estimated average loss due to
storm events and wind data show a decreasing trend in durasea level rise of 2.06 fmn—1yr—1. Profile D has a measured
tion and calm period. The smaller the calm period, the lessannual gain and, if we remove it from the average, the mea-
time the beaches have to recover from storm events. Howsured volume increases to 2.74m~1yr—1. Taken together
ever, once again the trends are not statistically significant atvith the correlation between tide levels and erosion, these
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Table 3. Annual rate of change of Durban’s wave parameters. The bracketed values are the 95 % confidence intervals.

Parameter All seasons Summer Autumn Winter Spring
Maximum Hmax (M) 0.04 (-0.09;0.17) 0.0440.09;0.16) 0.0940.12;0.30)  0.07+0.06; 0.19) 0.040.11; 0.11)
Maximum Hs (m) 0.03 (-0.08;0.14) 0.0340.03;0.08) 0.0440.11;0.19)  0.01£0.06;0.07) —0.01 (~0.08; 0.06)
AverageHs (m) —0.01 (-0.02;0.01) 0.00€0.02;0.01) 0.00£0.05;0.04)  0.00€0.03;0.02) —0.01 (-0.02; 0.00)
Maximum Ty, () 0.14 (0.05;0.22) 0.10{0.08;0.27) 0.1440.02; 0.31) 0.17 (0.08;0.26)  0.130.02; 0.28)
AverageTp (S) 0.07 (0.02; 0.13) 0.06 (0.03; 0.09) 0.26 (0.03; 0.49) 0-10.03; 0.24)  0.04+0.002; 0.09)
Average Direction (Deg.) 0.91(0.12; 1.7) 3.53.8; 11) 0.714£2.5;3.9) —0.06 (-0.53;0.41) 0.2540.67;1.2)

Table 4. Annual rate of change of Richards Bay’s wave parameters. The bracketed values are the 95 % confidence intervals.

Parameter All seasons Summer Autumn Winter Spring
Maximum Hmax (m) 0.08 (-0.05; 0.21) —0.01 (-0.12; 0.09) 0.0640.14; 0.26) 0.0140.09; 0.10) 0.0840.11; 0.11)
Maximum Hs (m) 0.07 (-0.04; 0.17) 0.0140.04; 0.06) 0.0440.09; 0.18) —0.00 (-0.05; 0.05) 0.06 (0.01; 0.12)
AverageHs (m) —0.00 (-0.01; 0.01) —0.00(-0.01;0.01) —0.00 (-0.02;0.01) —0.00 (-0.02; 0.01) 0.0040.01; 0.01)
MaximumTp (s) —0.05 (-0.25; 0.15) —0.22 (-0.46; 0.03) —0.22 (-0.39;—0.05) 0.01 ¢0.18; 0.21) 0.0240.22; 0.26)
AverageTyp (s) 0.02 (-0.00; 0.05) 0.0140.05; 0.06) 0.05 (0.01; 0.08) 0.040.01;0.08) —0.01 (-0.09;0.07)

Average Direction (Deg.) 0.0710.15; 0.28) 0.1840.49;0.84) —0.75(1.12;—-0.37) 0.16 ¢0.49; 0.80) —0.02 (—0.58; 0.54)

Table 5. Annual rate of change of storm attributes with 95 % confi-
dence bounds.

Table 7.Kendall'stg correlation coefficients and corresponding p-

Storm attribute Annual rate of change ’
values between tide levels and beach volumes.

Frequency (no.) 0.01510.14;0.18)

Duration (h) —0.44 (—2.15;1.27) Correlation variables Kendall'ss p-value
Calm period (h) —284(—150;93) -
Volume B—F : tide level —-0.15 4% 1073
Volume 1-18 : tide level —034 77x10712
Volume 19-23 : tide level -0.11 0.056
Table 6.Kendall'stg correlation coefficients and corresponding p- ~ Volume BR6-BR9 : tide level —-0.099 0.10

values between significant wave heights and beach volumes.

Correlation variables Kendall'ss p-value
(Volumes B-F) :Hs -0.13 0.063
(Volumes 1-18) Hs —0.059 0.38
(Volumes 19-23) Hs -0.13 0.052
(Volumes BR6-BR9) Hs —032 13x10°6

Table 8. Comparison of measured annual erosion volumes
(m3 m~1) and estimated annual erosion volumes mT1) calcu-
lated from the Bruun rule using a sea level rise of 0.0027Tﬁyr

results suggest that sea level rise is contributing significantly

) ; fil Measured erosion  Estimated erosion
to chronic erosion. Profile

(m3m=tyr=h)  (m3m~lyrh

3.7 Link between wind and erosion c 0.95 151
D —-0.34 1.99

The wind data show a strong seasonal trend in which high F >.66 2.62
13 1.62 2.12

wind speeds are experienced from August to December. The
majority of the wind in all seasons is from the northeast Average 1.97 2.06
and southwest, and there is no evidence of directional trends
or associated erosion consequences. Fidreshows the

seasonal trends in the wind speed and its relationship with
erosion. There is no correlation between wind and erosion
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Fig. 8. The relationship between the significant wave height trends (shown by the solid line) and the beach volume trends (shown by the
dotted line) for the blockéa) B—F, (b) 1-18,(c) 19-23,(d) BR6—BR9 (refer to Fig).
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Fig. 9. The relationship between the tidal trends (shown by the solid lines) and the beach volume trends (shown by the dotted lines) for the
blocks(a) B—F, (b) 1-18,(c) 19—-23,(d) BR6—BR9 (refer to Fig3).

evident in Fig.10a. FigurelOb and c have a weak negative shows the more exposed Bluff block, which is expected to be
correlation as a result of a long-term trough in wind speedmore dependent on the wind. The seasonal peaks in wind
coinciding with relatively high beach volumes. Overall, there speed coincide with the troughs in beach volume and ex-
is no clear evidence of significant correlation between windplain the seasonal variations in beach morphology. This is
speed and erosion in Fifj0a—c. On the other hand, Fify0d a significant result since, if seasonal winds can explain beach
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morphology, then long-term wind trends are a plausible con-the general trend. This difference may imply a shift in the
tributor to long-term erosion. However, the available data setwave climate, which is consistent with the findingsvidng
is too short to provide meaningful information on long-term and Swail(2001, 2002; Wang et al.(20043; Dodet et al.

trends. (2010. Rouault et al.(2010 hypothesised that a poleward
shift of westerly winds as well as an increase in the magni-
3.8 Link between sediment supply and erosion tude of the trade winds is causing a warming of the Agulhas

Current system on the east coast of South Afridan et al.
The relationship between sediment supply and erosion wag2010 noted an increase in anomalous south-easterly winds
investigated by considering dredger operations for Durban’from the Southern Hemisphere. These changes in seasonal
sand bypass scheme. Durban’s sand bypass system consigéhd conditions could explain the wave height and direction
of adredged sand trap (Fi8a) south of the harbour entrance trends. Itis also reiterated that, prior to the March 2007 event,
that intercepts sand movements up the coast to prevent shogutumn (responsible for the largest events) was experiencing
ing of the entrance channel. The sand trap is emptied by negative trend iffmax and Hs. Ultimately, the wave data
dredging, and the sediment is then pumped to the northerget at our case study site is still too short to confidently es-
beaches. The Port of Durban regularly empties the sand trapablish any trends. HoweveRuggiero et al(2010, Theron
because excess sand blocks the harbour entrance channel agichl. (2010 andDodet et al (2010 found similar increases
disrupts port activities. The sand trap is not expected to havén wave parameters that were determined to be statistically
a 100 % trapping efficiency, but it is assumed that the pumpedignificant.
volume closely represents the sediment volume entering the Only Durban’s peak period and average wave direction
sand trap and thus approximates the average littoral drift.  showed statistically significant trends for the case study. The

Figure11 shows a time series of the volume of bypassedincrease in wave direction is potentially important. At this lo-
sand and the associated decreasing trend. This means thgdtion, the net littoral transport is from south to north and the
less sediment is being deposited on the beaches and sugverage wave direction is from the south east. The increasing
gests that the littoral transport is decreasing. Although therrend towards a more southerly wave direction implies that
stormwater outfalls are responsible for erosion on up-driftthe littoral drift should be increasing. A simple application
profiles, they cannot be accountable for the net volume losgf the CERC formula$hore protection manuydl984 shows
as the gains should balance the losses. A comparison ahat an annual increase in wave direction 10 translates
Fig. 11 and Fig.8c illustrates the extent that the immedi- into a 1% annual increase in littoral drift. However, there is
ate beach profiles are dependent on the sediment supply. Th increase evident in the measured sand bypass volumes. In
least sediment was bypassed in the years 1996 and 20Q¢pbnjunction with the fact that there has been a net sediment
(Fig. 11), and the corresponding decrease in beach volumgoss over the past 37 yr, this implies that there is sediment
is clearly visible in Fig8c. being removed from the system.

Only limited studies are available on the effects of dams One possible sediment “sink” has been identified as the
and episodic storm events on sediment supply for the studyow-lying concrete stormwater outfalls that trap sediment
area. These are discussed in Séct. movement. Other anthropogenic impacts are dams that trap

sediments in rivers and sand-mining for constructio8IR
(2008 estimated that at least 400 008/annum are mined
4 Discussion from the eThekwini rivers. They further estimated that dams
trap a third of the sediment that should reach the coastline.
Durban’s beach profile records are long enough to confi-Although there are no significant dams on the rivers that flow
dently say that the beaches have been eroding, but there is umto the harbour, all of the sediment deposited in the harbour
certainty concerning the factors that are contributing to thisis removed by maintenance dredging and dumped offshore.
erosion. The cumulative effects of harbour dredging, dams, and sand-

AverageHs shows virtually no change, a result consistent mining result in a 63 % reduction in the total fluvial yield into
with the findings oPerrie et al(2004), while all the other pa-  the area north of the harbou€§IR, 2008.
rameters showed increases when considering the entire data The Richards Bay data on the other hand showed a statis-
set. The maximuntls, maximumHmaxand maximuniy are  tically significant decrease in autumn wave direction, which
increasing in all seasons except spring. An increase in wavenay eventually have an important impact on Richards Bay’s
period is a concern as it has been shown to increase erosiagand bypass scheme. In this case, the CERC formula trans-
(van Gent et a).2008 van Thiel de Vries et al2008. The lates the trend into a 0.3 % annual decrease in littoral drift.
fact that large events are getting larger is consistent with re- Large episodic flood events also contribute major sediment
cent findings elsewherdérrie et al.2004 Lambert 2004 inputs to the sediment budget, because they erode accumu-
Knutson and Tuley&@004 Weisse and Stawar2004). Con- lated sediments from river€GIR 2008. The Mgeni River
sidering that spring is responsible for some of the largest hisis located immediately north of profile A (Fi®). Cooper
torical storm events, it is surprising that it is moving against et al.(2002 found that the Mgeni coastline had been steadily
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Fig. 10.The relationship between the wind trends (shown by the solid lines) and the beach volume trends (shown by the dotted lines) for the
blocks(a) B-F, (b) 1-18,(c) 19-23,(d) BR6—BR9 (refer to Fig3).

4 450 worked back during calm conditions, the shorter the calm pe-
§ 400 A riod between storms means consecutive storms could be ex-
_E 2?,3 ’\‘ ‘}[\"PA[-\ /\ A perienced before the beaches have fully recovered. Durban’s
£ 20 = NS . T data show a decrease in storm duration and so is unlikely to
§ e ~ - be contributing to erosion. However, there was an increase
= w0 ¥ = 68475 + 347499 \ / in storm frequency and a corresponding decrease in average
g 2 ‘ - ‘ i calm period. Storm events, as per the definition, were found
g % % g % % % g, % § § % g g § g g g % § g % to be increasing at 1.5 events per 100yr._Th|s_ slight increase

Year in wave events may be related to the minor increase in cy-

clone days that has been reportedNdgvume et al (2009
Fig. 11. Annual volumes pumped by the sand bypass scheme. Thén the south-west Indian Ocean. The increase in frequency
solid hor.izontal line s_hows_ the average annual volume while thejs consistent with observations elsewherekynar and Al-
dashed line shows a fitted linear trend. lan (2008; Keim et al.(2004; Seymour(2002; Weisse and

Stawarz2004) and is possibly contributing to beach erosion.

The limited 13 yr of wind data were unable to provide statisti-
eroding after 1931 but that following a large flood in 1987 the cally significant long-term trends but did provide an explana-
shoreline accreted and continued to do so for at least anothajon for seasonal trends in beach morphology. The fact that
three years, re-establishing the shoreline further seaward thapind has a seasonal effect on the beaches implies that any
that of 1931. The steady erosion between major flood eventgong-term trend in wind conditions will have a consequence
in 1917 and 1987 is consistent with the slow overall retreaton beach morphology. It was found that a number of storm
of the coastline since the 1987 floddnmouth et al(2010,  events coincided with a 4.5yr extreme tidal cycle. The co-
based on 2005/2006 measurements, reported that there wasidence of these two erosion mechanisms compounds the
more sediment present within the Mgeni Estuary than priorerosions effects and is a demonstration of potential future sea
to the 1987 flood. The KwaZulu-Natal coastline may require level rise impactsChini et al, 2010. However, as with most
another major flood event to flush these sediments and babf the wave parameters at this location, none of the changes
ance the current sediment deficit. in storm attributes are statistically significant and, apart from

Increases in storm frequency and intensity are potentiathe results being consistent with other literature, their inter-

contributors to beach erosion: the more storms or the longepretation remains speculative.
their duration, the more erosion is likely to occur. Since sed-
iment moves offshore during storm events and is then slowly
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