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Fig. 1 Water depth change in this study area (a) and model mesh diagram (b)
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Fig. 4 Coastal erosion risk prediction model
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Fig. 9 Prediction diagram of coastal erosion risk prediction model

J AR AL
3.000 ———

SR B /m
g 2

1500

1000

2 000

1500

1000

BRI FE B /m

500

2000

1500 |

1000 |

BAEL B /m

500

AR B i e A A o AR e 1 2R AR 1k, MO (=t
Ti) f 2R S e 72 R W\ s 0 2 S BT 11 g g e R 2
Mg R A, TR 24 R R AR B AR TR A5 AN 5 S B R
1 PR 98 1 272 A AR LA ) R A2 A, M 8 FR T
TR ARSI L, T 52 4t DXL Tt 00 A5 24
(1) 2028 4F 2 2k A2 b 45 17 2Rl 20 4R YR s 34— 3,
Xt BRAE TR R A I AR o R flt L AR RIAR RE Y A R
A A A A A Y AT B P T

5 g

51 BEFPEE TS MR
32 KR AT RS BT 1 AR S 32 2 B A = kL

LR
2 000 ——
£
& 1500}
H
£ 1000t
&
B o500t
®
0
2000
£
" L
%1500
§
y 1000
H
"
A P T OO b F D
PP TIPS v
FF I S
hy
SRR O
4000 —
£
g 3000 F g
|
£ 2000F |
2 T
B 1000t
®
SN DI IINIHE SO D D
DRI IJDLX]N
FF I
py

3000

2500

2000

AL B /m

1500

PN
N

5 N
o D D

K10 A

Fig. 10 Diagram of coastal change trends



138

(GRERE T LE

W6 DX, S BET 11 g A= ik XU R Tz deiml 11, LAig
IR 1 0 5t BE 0T 11 ARG A B 5 X 42, %o SR BUAS [) ¥
B 4 48 i J T R DI A 9 AR il XU 43 i) B AT T
T I PR IR A ok XU TS0 S R, Stk A o BE AT T
TR 50%., 59 7% 50%. H IR 2 50% i 55 i % 50%
AN N A 4 A FRARR S . R 11 Z2 Ay 38 My
HEAT U I B 4P I 0 1A A A ) R, A7 00 2 o ]
14 57 055 R i B, T TR RN 55 3 SR AL A 1 Bl B s R IR
ZL IR P RO R TR B Ak
BHYAT 11 L g 20 A5 I 2 (57 47 A 205 % P A 2 7 97 36 Bl 11
AR 5 A BT T A (] (B TR R AR Tl T G
TH IR 0 55 3 R 4G 09 B 37 4 T BR AR 55, 16 12 i [
Fb T TR 5N 55 T R AR B AP B R . RV b,
BEYAT T LA R A9 422 ok 7™ B DX 38 58 A5 DEA 70 R N ], 32
HRTAT T DX I8 A 16 5 o T 559 TR 23 0 55 i S 4 A 1Y)
P TR

150

100

= -100
= WRHS0%
150 — FFRS0%
200 THIRHRS50% + FFHAHS50%
7250 L —?ﬁl’%f]ﬂlﬂ
— 2028
-300 <‘> 3

B11 g B AP 1 sl 4= ok U
Fig. 11  Erosion risk prediction diagram of coastal

protection activities

52 WESREMREE S

MY Ry 20132015 45 EE L Y Bl TR P VD 530, Oy
S T JHL T A L ) B ), AL 2023 AR 5 B IR 1
BT TR RN 3, 5 SR s, TR ORITE R S AR K A v
NG R e S Er = S N (AT N oL T W T E =
S BRAT 1 b R AR R BT R A AR Ak, W 1R T B 52 3]
{2 s/, DU [ A B 1R O 00 K X BB AR fh R A
Ve 2 o XU 00 A AR 0 % ok L 3 I 1140 96 ot 2k
Ak, B 12 B BR AU 3 5 18T R 4 7228 A R e )
. RERR OSBRSS BT C1 b 2 T LR 4R ik, 42 i
K 50~ 100 m, 5 BHIAT 11 1 YR AR a4 el e A WS
A AE — 5 B2 BE AR P 1 5 BE T 11 BRF 30 2 B, 10 B S5 B
Bl R Ry AR ER, & 11 A IR R B
BOR KT a0, Ui R 2 AR BEE i R ER

o B HUGE 5 ST B O 22 g D Je v k4, BRI
SRR, AR SR PRVD LA B SR AF T PR A R A R ik
T B mT LA fd ) 0 1] (4192 £ ok ) v & R A 0T
AR S I 5L A A 98 ey 30 92 B Ry e A B, T
AR, )R T ST MDE sORHOE, IXOR PRGE
AR B, BB 0T 45 285 S PRI A AT 5

150 T ——
100 L — 2028 (W Ed)
— Bi2028 Goi £3)

JRF BB /m

-250 L PR !

&8 N ._g@?@\og\i & X

12 XU SRAR XU 0
Fig. 12 Predicted erosion risk diagram of double-dyke

6 it

AR SC ST BB VT 95 55 B B v 8 19852023 4F il £k
KB IR A B , 455 ERAS BRI T FH
Vg Sl YR A2 AR RRAE o A AT O e VD AR R e
PSR, (8 FH LSTM X a2 2 722 Ak 5 U 1R 1 Ik A2 fb Ay
TEZ (A AR L P R AT HLAR 24 ), M3 T IR AR ol
DRI LA TR I LAz KR TRT RN S BH AT 11 LA R o AT
FEXT G, 38 TR R 55 U R N R0 AR
B B it , TS [ B B TRE R ARl XURS: o 45
T EZELR:

(1) BGF 45 5 2 B LSTM AJ LA 5l 751 000 3z i 01
AL FAE T R AR =20 s AR AR AR Y
LML B A A R 3, REAE I i 17 2 15 152 A2 AR Y
Gk

(2) % 555 BHTAE J52 T A A= ol JRUIS: IX. 347 18 5 B 47 3%
3y, B 4P RCR N i B AR YR A U 2 0 [ L 9 TR 3 5
TR A IHIRR SR . iR E N, H
TR 2T 55 JAE 28 1Y) 7 B0 AL S R B A

()G E g R E 2 AR ER, K5 IEIR
Ko oy FER R, W RO IR E N R . AN ER
XU B X St BH B 2 42 ol ) S e A B

S5 PR B i 5 T ™ 2 A AR TR, AR SCEEST LSTM
IR I T 96 A o DRSS T30, — T T Sy T 2 4 AR Ak
PR —FhoBr By 5k, I3 — 5 T AT DA Sk S BH B AR



6

BEARAE: JET LSTM M At A 2 4Rt XU, TS ASE 280 i34 F 5 % 2 ]

139

i TRRAR S o SRt TAE S I G kil 5
SR BN, R E AN FE 1985 4F LUJS B 5 4R
1AL B Al (220 1 AR S L ); 2 2 By it P
Lo MR B BURA — 5 A, D9 i/ E WA A 52
M), 1R R A i 1A B i F 0 DXl g 5 1) 20 B Y

SE K

PEUD LA A I 4 e R A s AR BT TR R L SR
FRFAE BN 72 2V B0 82 R 56 R 75 2 A, RARTE
K A 20N 2 R 30 T ASE R v 5 A 5 I ] £
IRt —J7 T B e B8 0 FUORG B2, o5 — T T 000 o
A RUBE L B8 4 it XU

(1]

FLIkH, 52 B4, 38, 5. SO = MR Ih I E 5 0 0 SRS A 7T UE R [J]. F AR 2R, 2022, 31(2): 12-25.
Fan Yaoshen, Dou Shentang, Pei Hongyang, et al. Research progress of erosion hazards and coping strategies in mega deltas[J]. Journal
of Natural Disasters, 2022, 31(2): 12-25.

(2] 22, FE2F, IMER, . R R IR F R AAIEM IR S R (1] AARRE MR, 2021, 30(4): 55-63.
Li Ping, Feng Aiping, Sun Huifeng, et al. Research progress and prospect of coastal erosion investigation and evaluation[J]. Journal of
Natural Disasters, 2021, 30(4): 55-63.

(3] SCHEBS, 547, F ik, 55 AL TIBIREORIY I H B 7 R I BULIR SB35l [1]. K327, 2020, 35(1): 138-143.
Wen Shiyong, Wang Zizhu, Wang Tao, et al. Status and trend assessment of coastal erosion at Hainan Province based on remote sensing
technology[J]. Journal of Catastrophology, 2020, 35(1): 138—143.

[4]  HsuJRC, SilvesterR, Xia Yimin. Static equilibrium bays: new relationships[J]. Journal of Waterway, Port, Coastal, and Ocean Engineer-
ing, 1989, 115(3): 285—298.

[5] HsuT W, Jan C D, Wen C C. Modified McCormicks model for equilibrium shorelines behind a detached breakwater[J]. Ocean Engineer-
ing, 2003, 30(15): 1887—-1897.

[6] Gonzéalez M, Medina R. On the applicationof static equilibrium bay formulations to natural and man-made beaches[J]. Coastal Engineer-
ing, 2001, 43(3/4): 209-225.

[7] Kakisina T J, Anggoro S, Hartoko A, et al. NEMOS (Nearshore Modelling of Shoreline Change) model for abrasion mitigation at the
northern coast of Ambon Bay[J]. Aquatic Procedia, 2016, 7: 242—-246.

[8]  Young R S, Pilkey O H, Bush D M, et al. A discussion of the generalized model for simulating shoreline change (GENESIS)[J]. Journal
of Coastal Research, 1995, 11(3): 875-886.

[9] Castelle B, Reniers A, MacMahan J. Bathymetric control of surf zone retention on a rip-channelled beach[J]. Ocean Dynamics, 2014,
64(8): 1221-1231.

[10] Roelvink D, Reniers A, van Dongeren A, et al. Modelling storm impacts on beaches, dunes and barrier islands[J]. Coastal Engineering,
2009, 56(11/12): 1133—1152.

(1] RE =, X, FUOAR, 45, 1986-2019 LFE AR A BIEHD B 2 i 8 A S AR SALHITIST (). E24IR, 2022, 44(7): 82-94.
Zhu Luoyun, Liu Tingting, Fan Renfu, et al. Study on the evolution process and driving mechanism of the sandy shoreline of the Qiwang
Bay ineastern Guangdong from 1986 to 2019[J]. HaiyangXuebao, 2022, 44(7): 82—94.

(12] K&, PN, £, 5. BT XBeach BELN B IRIE B RCRIFN IR ER [7]. M FEEREERLE, 2020, 39(5): 684-693.
Zhu Lei, Sun Jiawen, Wang Hong, et al. Evaluation index of protection effect of breakwaters based on XBeach model[J]. Marine Envir-
onmental Science, 2020, 39(5): 684—693.

(13] TR, SRAMS, RAAR, 4%, 25 T B0t XBeach R IRAET 5 3 oh ISR FRPE O BUELRIT ST [9]. K S0 240158 5 BEE, 2023, 38(3):
495-503.
Yu Hang, Zhang Jianpeng, Chen Genfa, et al. Numerical study of beach profile evolution under waves based on Improved XBeach[J].
Chinese Journal of Hydrodynamics, 2023, 38(3): 495-503.

[14] Zheng Gang, Li Xiaofeng, Zhang Ronghua, et al. Purely satellite data-driven deep learning forecast of complicated tropical instability-
waves[J]. Science Advances, 2020, 6(29): eabal482.

[15] Nieves V, Radin C, Camps-Valls G. Predicting regional coastal sea level changes with machine learning[J]. Scientific Reports, 2021,
11(1): 7650.

[16] Gers F A, Schmidhuber J, Cummins F. Learning to forget: continual prediction with LSTM[J]. Neural Computation, 2000, 12(10):
2451-2471.

[17] Hochreiter S, Schmidhuber J. Long short-term memory[J]. Neural Computation, 1997, 9(8): 1735—1780.

(18] XUEA:, AKWF. IRI P PRI TR LRIA (7], #2253, 2022, 37(11): 2753-2768.
Liu Jianwei, Song Zhiyan. Overview of recurrent neural networks[J]. Control and Decision, 2022, 37(11): 2753-2768.

[19] SR, BTN 2z, THALT. VIR (= e A A o 3 [J]. HUFRAIF ST, 2002, 21(4): 469-478.
Zhang Renshun, Lu Liyun, Wang Yanhong. The mechanism and trend of coastal erosion of Jiangsu Province in China[J]. Geographical
Research, 2002, 21(4): 469—478.

[20]

Zhang Changkuan, YangYaozhong, Tao Jianfeng, et al. Suspended sediment fluxes in the radial sand ridge field of SouthYellow Sea[J].


https://doi.org/10.3969/j.issn.1000-811X.2020.01.025
https://doi.org/10.3969/j.issn.1000-811X.2020.01.025
https://doi.org/10.1061/(ASCE)0733-950X(1989)115:3(285)
https://doi.org/10.1061/(ASCE)0733-950X(1989)115:3(285)
https://doi.org/10.1061/(ASCE)0733-950X(1989)115:3(285)
https://doi.org/10.1016/S0029-8018(03)00042-8
https://doi.org/10.1016/S0029-8018(03)00042-8
https://doi.org/10.1016/S0029-8018(03)00042-8
https://doi.org/10.1016/j.aqpro.2016.07.034
https://doi.org/10.12284/j.issn.0253-4193.2022.7.hyxb202207008
https://doi.org/10.12284/j.issn.0253-4193.2022.7.hyxb202207008
https://doi.org/10.12111/j.mes.20190157
https://doi.org/10.12111/j.mes.20190157
https://doi.org/10.12111/j.mes.20190157
https://doi.org/10.12111/j.mes.20190157
https://doi.org/10.1126/sciadv.aba1482
https://doi.org/10.1038/s41598-021-87460-z
https://doi.org/10.1162/neco.1997.9.8.1735
https://doi.org/10.3321/j.issn:1000-0585.2002.04.009
https://doi.org/10.3321/j.issn:1000-0585.2002.04.009
https://doi.org/10.3321/j.issn:1000-0585.2002.04.009

140 WPE2ER 46 6

Journal of Coastal Research, 2013, 65(spl): 624—629.

(211 SRR, I3RS T = A W e e 8 RO R (R 3% (D). b AR AR R, 2015.
Zhang Lin. The coastal erosion-deposition evolution and controlling factors of the abandoned Yellow River delta in northern Jiangsu
province[D]. Shanghai: East China Normal University, 2015.

(221 XWINEE, BRVE R, S, 2. SRAURE B0 = A A AR e s A (9], HUB), 2014, 69(5): 607-618.
Liu Xiaoxi, Chen Shenliang, Jiang Chao, et al. Vulnerability assessment of coastal erosion along the Abandoned Yellow River Delta of
northern Jiangsu, China[J]. ActaGeographicaSinica, 2014, 69(5): 607-618.

[23] Shi Hongyuan, Cao Xuefeng, Li Qingjie, et al. Evaluating the accuracy of ERAS5 wave reanalysis in the water around China[J]. Journal of
Ocean University of China, 2021, 20(1): 1-9.

(24] K3kt R, SR, 45, & ZR 9 N TR IREVET BT e RS RAE (7] Buiiiigi-=4e, 2022, 41(4): 71-81.
Zhang Daheng, Shi Liangiang, Gong Zhaohui, et al. Evolution characteristics of beach erosion and accretion at the Riyue Bay under the
combined impacts of winter waves and artificial island[J]. Journal of Tropical Oceanography, 2022, 41(4): 71-81.

[25] Bheeroo R A, Chandrasekar N, Kaliraj S, et al. Shoreline change rate and erosion risk assessment along the Trou Aux Biches—Mont
Choisy beach on the northwest coast of Mauritius using GIS-DSAS technique[J]. Environmental Earth Sciences, 2016, 75(5): 444.

(26] BRARTE, Bhsls, By, S5, VL0 WIMER IR A5 5 30 PRV RN C R (7] B RAEA R (B SARAM), 2020, 48(3): 245-251.
Zhang Changkuan, Huang Tingting, Tao Jianfeng, et al. Response relationship of tidal flat profile and dynamic sediment along Jiangsu
Coast[J]. Journal of Hohai University (Natural Sciences), 2020, 48(3): 245—-251.

Research and application of constructing a coastal erosion
risk prediction model based on LSTM

Liang Dong"?, Gao Na', Ying Xiaoming"?, Zhou Zeng’, Shu Xiejun', Xu Wanming', Zhao Mingli"?

(1. South China Sea Development Research Institute, Ministry of Natural Resources, Guangzhou 510300, China; 2. Key Laboratory of Mar-
ine Environmental Survey Technology and Application, Ministry of Natural Resources, Guangzhou 510300, China; 3. Jiangsu Provincial
Key Laboratory of Coastal Ocean Resources Development and Environment Security, Hohai University, Nanjing 210098, China)

Abstract: Shoreline erosion prediction is one of the hot issues in coastal dynamic geomorphology research. Based
on the long short term memory (LSTM), the data of shoreline, water depth, intertidal zone width , and wave and tid-
al current for ERAS5 inversion clollected from 1985 to 2023 near Sheyang County of Jiangsu Province were used to
construct a coastal erosion risk prediction model in this study. The prediction model could accurately predict the
nonlinear/linear change trend of accelerated erosion, stable erosion or coastline sedimentation. The results showed
that the increasing of wave and tidal currents was the main factor of coastal erosion in Sheyang area in recent 20
years under the condition of sand source reduction. Besides, an ideal experiment of coastal protection activities was
conducted by using the prediction model, and the protection effects of coastal reinforcement, wave dissipation and
weak current engineering were discussed. The results showed that the protection effect of coastal reinforcement is
the best, and wave dissipation is better than weak current. The prediction model is reasonable, and has great applica-

tion value and development potential.

Key words: coastal erosion prediction; Sheyang, Jiangsu; LSTM; Nonlinear variation
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