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Fig. 1 Study area and the sketch of the route of typhoon Tapah (a), the typical profile settings and the wave observation station (b),

and the model topo-bathymetry input (c)
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The background maps in (a) and (b) are from Google satellite images
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Fig. 4 Temporal variation of depth in the nearshore of Dongsha beach obtained from Station B

P v % T €L R 0 I 582 20 501 S DRI A/ DN 10 I 3 B, 200 €5 S 52 X O 5 DX i i ] 5

The dark blue and light blue shadow areas show the time span of spring tide and the neap tide, respectively. The red shadow area shows

the time span when typhoon affected the study area

T/m
w
T

EeLield

&
[oemmRARR AN AN

b

/m

AR

®o

0
2019-09-13 2019-09-16

8]

2019-09-19

2019-09-22 2019-09-25

i 1]

TR/ T T 393 DA A 9 B SO A A0 e e 1] ) 2% Ak

Fig. 5 The temporal variation of the significant wave heights in the nearshore of Dongsha beach during a spring—neap cycle
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Table 3 Profile volumetric changes of Dongsha beach

under the impact of typhoon Tapah (m*/m)
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Fig. 6 Typical profile changes of Dongsha beach under the impact of typhoon Tapah
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Fig. 10 Changes of beach profile with different sediment grain sizes obtained by XBeach-1D simulation under the condition of storm with

significant wave height of 4 m and the tide level of 2.50 m
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Fig. 11

XBeach-1D simulation results of the profile changes under the influence of the different placement in the offshore direction

of the borrowed sediment (Ds;=0.20 mm)
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topographical change stopping point (d) obtained from XBeach-1D simulation under different case settings
ST 15 DX 388 A7 208000 e AL 28 490, W € BT DX SR W2 2L, € B 0 IX S 0 AR R AR 2H 42 001, K (A 15 X B i e SR 4 2L 48 001 . S T 3
B SRR TR T B0 WF MR e a3, HE 2R i Sk R B L fa B s

Red shaded area is significant wave height group, blue shaded area is tide level group, green shaded area is sediment grain size group, gray shaded area is beach

nourishment group. The solid arrows of different colors indicate significant change trend, while dotted arrows show weak change trend

TP IR KR 5 AR U0 g W 1 s T T 28 A8 ko 1 s 15
B[V S0, 3 T A [ PR 2850 T v g ) o X
Wi JO7 ) 5 M), ARAS AN B4,

XBeach-1D %% 4 “Surfbeat 15 X G 1R 4 Hb A5 81 45
Vit WEAE 5 KR T (1% U e ST TR S AR
SRR AN BB 2 HT B I 0~ 150 m Fi6 36 3k 0] 17 TE 245728
k., T XBeach £ %1 A] 757 %8 B9 52 1 400 m, 7R V0 165 Wt

F T A 15 A8 T2 e R8s Y T A 3 A ) L R
MR R B IA R A ML, AR DY o B AL 16 T
— M F) i FE L TR A

i 1o B AN R SR A B, A
DURRMIPRLAR K 10 SR 4 24 2 0F JXU 28 T T W ) T 25
AR A SR, AT RS e A ) ) T e S R R
A o A B S AT XA AR R R Y XL A



82

MHEEd 4745

(] 4 21 b 0 0 AR AR BB R W AR 25 B o MUBRSRAETR, AN IR B 4% R R (A 28 0] 1 e 1)
AN WERESR I UM TE B R 07 ) B RO RO AR AR R T O/ INR B A R > > TR
X R AR R R, SICR PR R GIR L, A ki, S e T 2 AR A T b ) A A
T R AP R SR A0 b R A L SR R R AR AR .

SE WK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Qi Hongshuai, Cai Feng, Lei Gang, et al. The response of three main beach types to tropical storms in South China[J]. Marine Geology,
2010, 275(1/4): 244-254.

B, R, BEARMS, A5 S U R g st & XUPE 8 0 AR ek R A Y —— LA IR R 41 (0], Y TR, 2017, 35(3):
89-98.

Li Shushi, Dai Zhijun, Ge Zhenpeng, et al. Sediment dynamic processes of macro-tidal beach in response to Typhoon Rammasun action:
A case study of Yintan, Beihai[J]. The Ocean Engineering, 2017, 35(3): 89-98.

RO, ISR, TP U, S WL R GO B 2R v g E T PR X < R AT A ) 197 K K2 S K B[], 9 RS A, 2018, 40(9):
137-147.

Guo Junli, Shi Liangiang, Tong Xiaoling, et al. The response to tropical storm Nakri and the restoration of Dongsha Beach in Zhujiajian
Island, Zhejiang Province[J]. Haiyang Xuebao, 2018, 40(9): 137-147.

SR g, ZREnE. TR M B RIS 1720 5 5K (R55) BINARLBETE[T]. BalFdETEAA, 2019, 38(1): 96-104.

Zhu Shibing, Li Zhigiang. Study on beach response to Typhoon Khanun (No. 1720) along southern Leizhou Peninsula[J]. Journal of
Tropical Oceanography, 2019, 38(1): 96—104.

HGEZE, PR, TR A A ) T RS A R A D], A B, 2001, 21(3): 266-269.

Dai Zhijun, Chen Zishen, Zhang Qingling. An analysis on temporal variation process of a wave-dominated beach profile between head-
lands[J]. Tropical Geography, 2001, 21(3): 266—269

SRR BN, TRBEEE, A5 B XSRS A U O MRS R R AT ], VR TR, 2006, 24(1): 98—109.

Cai Feng, Lei Gang, Su Xianze, et al. Study on process response of Fujian beach geomorphology to typhoon Aere[J]. The Ocean Engin-
eering, 2006, 24(1): 98—109.

VR %, 4555, i, 55, 6 UM T I ) 0 e )28 (b2 S BT (0], PRl 2 4Rk, 2009, 28(6): 1-6.

Chen Zishen, Wang Yangsheng, Huang Dequan, et al. Analysis on temporal change of foreshore profile under tropical storms[J]. Journal
of Tropical Oceanography, 2009, 28(6): 1-6.

Coco G, Sénéchal N, Rejas A, et al. Beach response to a sequence of extreme storms[J]. Geomorphology, 2014, 204: 493—-501.

Masselink G, Short A D. The effect of tide range on beach morphodynamics and morphology: a conceptual beach model[J]. Journal of
Coastal Research, 1993, 9(3): 785-800.

Jackson N L, Nordstrom K F, Farrell E J. Longshore sediment transport and foreshore change in the swash zone of an estuarine beach[J].
Marine Geology, 2017, 386: 88—97.

FE R, T A, U, 2. TS W TR TR R IR ST e R [I]. IR DRl (A AR, 2019, 47(6): 769-777.
Kuang Cuiping, Dong Zhichao, Gu Jie, et al. Influence of beach nourishment project on water exchange in headland-bay coast[J]. Journal
of Tongji University (Natural Science), 2019, 47(6): 769—777.

SR, SRR, TS, 25 AR TRRND 7 6 M) A IR BOLSHIT LAY, PR, 2021, 43(11): 136-145.

Liang Bingchen, Zhu Meixi, Qu Zhipeng, et al. Comparative analysis on numerical simulation of the impacts of different beach nourish-
ment schemes on beach profile[J]. Haiyang Xuebao, 2021, 43(11): 136—145.

Anthony E J, Aagaard T. The lower shoreface: morphodynamics and sediment connectivity with the upper shoreface and beach[J]. Earth-
Science Reviews, 2020, 210: 103334,

Valiente N G, Masselink G, Scott T, et al. Role of waves and tides on depth of closure and potential for headland bypassing[J]. Marine
Geology, 2019, 407: 60-75.

R, e, A3, 55, TREFRAPIEMEXT <8037 XU B IR A BRBIFSE (1], i ad A, 2019, 38(1): 102-114.

Zhu Lei, Yang Yanxiong, Yang Wen, et al. Study on the response process of nourished beach to “803” storm surge[J]. Marine Science
Bulletin, 2019, 38(1): 102—-114.

JEl T, AT, AREE, S5, “[RIHL & WU T U RTVS VDR 2 350R 5 s B WFAE [J]. 22440, 2024, 43(3): 554-564.
Zhou Yingtao, He Junbiao, Zhu Yu, et al. Recovery efficiency and leading factor of sandy beach in Pugian Bay after Typhoon
Kompasu[J]. Journal of Applied Oceanography, 2024, 43(3): 554—564.

Guo Junli, Shi Liangiang, Pan Shungqi, et al. Monitoring and evaluation of sand nourishments on an embayed beach exposed to frequent
storms in eastern China[J]. Ocean & Coastal Management, 2020, 195: 105284.

WSS, S04, IR TR, S INESR IS R LA A S S RS TR —— AW M B R R AR ).
o R PR 24 4], 2018, 37(2): 185—-193.

Cao Huimei, Cai Feng, Su Xianze, et al. Study on the plan of dynamic equilibrium shoreline for beach nourishment and restoration: tak-


https://doi.org/10.1016/j.margeo.2010.06.005
https://doi.org/10.1016/j.geomorph.2013.08.028
https://doi.org/jstor.org/stable/4298129
https://doi.org/jstor.org/stable/4298129
https://doi.org/10.1016/j.margeo.2017.02.017
https://doi.org/10.1016/j.earscirev.2020.103334
https://doi.org/10.1016/j.earscirev.2020.103334
https://doi.org/10.1016/j.earscirev.2020.103334
https://doi.org/10.1016/j.margeo.2018.10.009
https://doi.org/10.1016/j.margeo.2018.10.009

2 SRR T AR A ) TRT X X £ ) 7 - B 7 WL R (A AL 83
ing the plan of the beach nourishment in Yanting Bay, Cangnan County, Zhejiang Province as an example[J]. Journal of Applied Oceano-
graphy, 2018, 37(2): 185—193.

[19] Guo Junli, Shi Liangiang, Chen Shenliang, et al. Sand-mud transition dynamics at embayed beaches during a typhoon season in eastern
China[J]. Marine Geology, 2021, 441: 106633.

(201 SKEAPH. SR8 I GBI A JR VPR SE (D). 13 SRR, 2013,
Zhang Zhaoyang. Study on tidal current and sediment characteristics of Zhujiajian Island offshore area[D]. Shanghai: East China Normal
University, 2013.

(21] E/NBH. M WS GF 2 ): SRS BB IM]. Jba: e Rk, 2014: 371-458.
Xia Xiaoming. Records of Chinese Islands (Zhejiang Volume 2th Fasicule)[M]. Beijing: China Ocean Press, 2014: 371-458.

(22] Ak, mhikam, 2N, 55 WTRZ I ZR U IEMETURR S A sh A5 84k 0], WFFE LT S 45 DU 2033, 2014, 34(1): 37-44.

Cheng Lin, Shi Lianqiang, Xia Xiaoming, et al. Sedimentation and recent morphological changes at Dongsha beach, Zhuajiajian Island,
Zhejiang Province[J]. Marine Geology & Quaternary Geology, 2014, 34(1): 37—44.

[23] Shi Liangiang, Guo Junli, Chen Shenliang, et al. Morphodynamic response of an embayed beach to different typhoon events with vary-
ing intensities[J]. Acta Oceanologica Sinica, 2023, 42(7): 51-63.

(24] SBARW, BFER, FRILR, 5. & XEREKR RS BRI TEME R A R TR AR Sh A8 1], B, 2022, 41(4): 82-96.
Guo Junli, Shi Lianqiang, Chen Shenliang, et al. Dynamic variations of different sedimentary geomorphology of sandy and gravel em-
bayed beaches on the Zhujiajian Island during typhoon season[J]. Journal of Tropical Oceanography, 2022, 41(4): 82—96.

[25] Burvingt O, Masselink G, Scott T, et al. Climate forcing of regionally-coherent extreme storm impact and recovery on embayed
beaches[J]. Marine Geology, 2018, 401: 112—128.

[26] Warner J C, Geyer W R, Lerczak J A. Numerical modeling of an estuary: a comprehensive skill assessment[J]. Journal of Geophysical
Research: Oceans, 2005, 110(C5): C05001.

[27] Paolo B. Wave mechanics for ocean engineering[M]. Elsevier Science, 2000, 183-206.

[28] Pang Wenhong, Dai Zhijun, Ma Binbin, et al. Linkage between turbulent kinetic energy, waves and suspended sediment concentrations in
the nearshore zone[J]. Marine Geology, 2020, 425: 106190.

[29] Jana S. Short-term estimation of beach sedimentation pattern in the mixed-energy environment at Digha coast, India[J]. Journal of Sedi-
mentary Environments, 2022, 7(1): 1-19.

(301 pEsCHs. rhni i EIC AR Sl ) R AR —— LA ALHHRME R FI[D]. L AR, 2021.

Pang Wenhong. Sedimentary dynamic processes in meso-macro tidal beaches: a case study of Yintan Beach in Beihai City[D]. Shanghai:
East China Normal University, 2021.

[31] Komar P D. Beach Processes and Sedimentation[M]. New Jersey: Prentice-Hall, Inc. , 1976.

[32] SRTHTT, £4%, WU, &5 AT SRS £ KU R 9 22 S PR ST ], W24, 2019, 41(7): 103-115.

Shu Fangfang, Cai Feng, Qi Hongshuai, et al. Study on various response to typhoon of nourished beaches with different sediments[J].
Haiyang Xuebao, 2019, 41(7): 103—115.

[33] Seymour R, Guza R T, O’Reilly W, et al. Rapid erosion of a small southern California beach fill[J]. Coastal Engineering, 2005, 52(2):
151-158.

[34] Castelle B, Marieu V, Bujan S, et al. Impact of the winter 20132014 series of severe western Europe storms on a double-barred sandy
coast: beach and dune erosion and megacusp embayments[J]. Geomorphology, 2015, 238: 135-148.

[35] Masselink G, Scott T, Poate T, et al. The extreme 2013/2014 winter storms: hydrodynamic forcing and coastal response along the south-
west coast of England[J]. Earth Surface Processes and Landforms, 2016, 41(3): 378—391.

[36] Loureiro C, Ferreira O, Cooper J A G. Geologically constrained morphological variability and boundary effects on embayed beaches[J].

Marine Geology, 2012, 329-331: 1-15.


https://doi.org/10.1016/j.margeo.2021.106633
https://doi.org/10.1007/s13131-023-2164-z
https://doi.org/10.1016/j.margeo.2018.04.004
https://doi.org/10.1029/2004JC002691
https://doi.org/10.1029/2004JC002691
https://doi.org/10.1016/j.margeo.2020.106190
https://doi.org/10.1007/s43217-021-00081-4
https://doi.org/10.1007/s43217-021-00081-4
https://doi.org/10.1007/s43217-021-00081-4
https://doi.org/10.1016/j.coastaleng.2004.10.003
https://doi.org/10.1016/j.geomorph.2015.03.006
https://doi.org/10.1002/esp.3836
https://doi.org/10.1016/j.margeo.2012.09.010

84 WP 4746

Profile response to storm events of sandy beach: observation and modelling

Guo Junli"?, Chen Shenliang®, Ye Qinghua*, Chang Yang®, Shi Liangiang"?

(1. Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China; 2. Key Laboratory of Ocean Space Re-
source Management Technology, Ministry of Natural Resources, Hangzhou 310012, China; 3. State Key Laboratory of Estuarine and
Coastal Research, East China Normal University, Shanghai 200241, China; 4. Deltares, Delft 2614HV, the Netherlands; 5. School of Hy-
draulic Engineering, Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China)

Abstract: Beach erosion under the influence of frequent and severe storm events is generally increasing. Under-
standing the process of beach profile change under the influence of storm events is essential for the protection of
sandy coast erosion. To clarify the response characteristics of the embayed beach profile to the storm, this study
combined field observation during the typhoon and the XBeach model to reveal the profile morphological changes
of the Dongsha beach in Zhujiajian Island, Zhejiang Province, under the influence of typhoon Tapah, and the influ-
ence of different factors on the beach storm response was discussed. The main results are as follows. Under the in-
fluence of typhoon Tapah, the profile of the Dongsha beach showed a significant pattern of erosion in the upper part
of the profile and accretion in the lower part, and there was almost no change in the topography on the seaward side
of the 400 m offshore (sand-mud transition). The calculation of different storm scenarios shows that the significant
wave height controls the erosion and deposition amplitude of the profile, while the tidal level controls the position
of erosion and deposition on the profile. When the storm wave height is large, the difference in profile changes
caused by different settings of fine to medium sand grain size range is small. The offshore distance of the stop point
of profile change is farther when there is beach nourishment. The results of this study can provide a scientific refer-

ence for the protection of storm erosion in the sandy coast.

Key words: beach storm response; profile change process; typhoon Tapah; XBeach model
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