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Grand Circulation Process of Beach Cusp and its Seasonal Variation at the
Mang-Bang Beach from the Perspective of Trapped Mode Edge Waves
as the Driving Mechanism of Beach Cusp Formation
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Abstract : Using the measured data of waves and shore-line, we reviewed the grand circulation process and seasonal
variation of beach cusp at the Mang-Bang beach from the perspective of trapped mode Edge waves known as the driv-
ing mechanism of beach cusp. In order to track the temporal and spatial variation trends of beach cusp, we quantify the
beach cusp in terms of its wave length and amplitude detected by threshold crossing method. In doing so, we also uti-
lize the spectral analysis method and its associated spectral mean sand wave number. From repeated period of conver-
gence and ensuing splitting of sand waves detected from the yearly time series of spectral mean sand wave number of
beach cusp, it is shown that the grand circulation process of beach cusp at Mang-Bang beach are occurring twice from
2017. 4. 26 to 2018. 4. 20. For the case of beach area, it increased by 14,142 m” during this period, and the shore-line
advanced by 18 m at the northen and southern parts of the Mang-Bang beach whereas the shore-line advanced by
2.4 m at the central parts of Mang-Bang beach. It is also worthy of note that the beach area rapidly increased by
30,345 m’ from 2017.11.26. to 2017.12.22. which can be attributed to the nature of coming waves. During this period,
mild swells of long period were prevailing, and their angle of attack were next to zero. These characteristics of waves
imply that the main transport mode of sediment would be the cross-shore. Considering the facts that self-healing
capacity of natural beaches is realized via the cross-shore sediment once temporarily eroded. it can be easily deduced
that the sediment carried by the boundary layer streaming toward the shore under mild swells which normally incident
toward the Mang-Bang beach makes the beach area rapidly increase from 2017.11.26. to 2017.12.22.

Keywords : beach cusp, wave by wave analysis, spectral analysis, trapped mode Edge waves, spectral mean sand
wave number, reflective beach, erosive beach
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Fig. 1. Offshore dependence of profiles of Eckart type edge waves
of modes n=0, 1, 2, and 3 in terms of the non-dimensional
variable y = w'x/gtan/3.
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(a) in case of stable standing waves in the foreshore due
to near-perfect reflection

(b) in case of un-stable standing waves in the foreshore
leading to the formation of the trapped mode edge waves

Fig. 2. Schematic sketch of edge waves due to the unstability of
standing waves and local coordinate system.
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Table 2. List of minimum beach width ,,,,

BN

MOde n Komin
0 -
1 6.5
2 21.0
3 43.5

Table 3. Maximum Edge wave periods 7,,,,. for each mode and var-

max

ious offshore depth with beach face slope of = 6° [from

Guza(1974)]
Mode n h,=1m h,=2m h,=3m
0 439s 634s 77.8s
1 75s 10.6s 13.0s
2 42s 59s 72s
3 29s 4.1s 50s
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Fig. 3. A diagram in wave number, frequency space illustrating the
four components that satisfy the resonance condition in Eq.
(3), where the dispersion relation, @ = + Jg—}z, is represented
by trumpet shaped surface in three-dimensional spaces fol-
lowing Phillips [1980].
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Fig. 4. Schematic sketch of the interaction of synchronous edge
wave with beach cusp.
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(a) Snapshot of the Mang-Bang beach and its beach cusp

“Survey site IV

(b) Location of wave gauge and shoreline survey site, and
the definition sketch of global co-ordinate system
[NV — ST and local coordinate system [x — )]

Fig. 5. Layout of the Mang-Bang beach and its beach cusp, the
location of wave gauge and survey site, and the definition
sketch of global co-ordinate system [N —.S] and local coor-
dinate system [x —y] (from Google Earth).
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Fig. 6. Measured beach profiles across the shore of Mang-Bang and
the location of survey site.

Table 4. Classification of wave breaker in terms of iribarren NO. &

Breaker type £
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Fig. 8. Vector plot of wave period with its corresponding wave ray
[modified from Cho et al. (2019)].
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Fig. 9. Quarterly wave rose [modified from Cho et al. (2019)].
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Fig. 10. Yearly variation of the measured shoreline at Mang-Bang beach from 2017.3.11 to 2018.3.14. in the global co-ordinate system.
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Fig. 12. Evolution of beach cusp along the shore in local co-ordinates from 2017.3.11 to 2018.3.14.
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Fig. 13. Evolution of beach cusp along the shore in local co-ordinates from 2017.3.11 to 2018.3.14.

Table 5. List of number of observed beach cusp, mean length of
beach cusp g4, mean height of beach cusp g4,

Date N OTE L ml g ml A )
2017.03.11 14 304 143 17.5
2017.04.05 11 365 12.4 133
2017.05.21 13 326 9.7 9.5
2017.06.08 14 295 11.4 17.9
2017.07.17 14 306 10.8 16.2
2017.10.26 10 371 10.9 124
2017.11.07 10 388 10.9 134
2017.11.26 18 233 12.5 13.7
2017.12.22 17 247 9.7 11.7
2018.01.22 13 294 114 12.2
2018.03.14 9 455 16.6 122
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Appendix A.

Table Al. List of coefficients p, from quadratic regression [p.x° +

px+psl.

Date D D Ds
2017.03.11 0.00002902 -0.126042 153.48348
2017.04.05 0.00002952 -0.127808 154.41162
2017.05.21 0.00002992 —0.128590 153.67191
2017.06.08 0.00002949 -0.126907 152.61330
2017.07.17 0.00002963 -0.126962 151.20560
2017.10.26 0.00002951 -0.125457 148.26483
2017.11.07 0.00002952 -0.126054 150.57584
2017.11.26 0.00002936 -0.126741 153.51692
2017.12.22 0.00002929 -0.126975 156.47872
2018.01.22 0.00003040 —0.131467 159.14908
2018.03.14 0.00003002 -0.130311 160.66421
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