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Abstract

70% of coasts are under erosion worldwide, and 49.5% of sandy coasts in China are
under erosion. Therefore, how to protect coast from erosion effectively, especially on
the sandy coast, has been a hot topic globally. Sandy beaches are usually precious
tourism resources and crucial to the whole coastal tourism industry. However, coastal
sandy beaches are very scarce in Zhejiang Province, where the sandy coasts are prone
to attacked by typhoons, with an average of more than 6 times a year. Under the attacked
by large waves caused by typhoons, the erosion and degradation of the beaches are
serious, thus the natural recovering processes cannot manage to restore. The conflict
between decreasing of beach resources and people’s increasing demands has become
increasingly remarkable in the recent years. This requires us to make more scientific,
rational and sustainable development and utilization of beach resources. To do this, we
need to understand the morphodynamic evolution of Zhoushan’s beaches system,
especially under storm conditions.

In this paper, we used the Argus video image data of 2016, the near-shore wave, tide
level, wind and other dynamic data of Dongsha beach and the surface sediments of the
beach, and then obtained the beach topographic data of Dongsha beach with numerical
simulation and Argus monitoring data. Furthermore, the response characteristics of the

beach to the continuous storms “Malakas” and “Chaba” were analyzed from the aspects

|
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of beach topography, section, intertidal shoreline, beach width (out of water), and
surface sediment characteristics. We discussed the factors affecting the storm's changes
to the beach from the beach's own factors, external dynamic factors, as well as human
activities and other aspects, and finally obtained the following findings:

(1) The average volumetric change after the storm “Malakas” was -73.75 m>/m, while
the average volumetric change after the storm “Chaba” was -54.56 m*/m. The erosion
degree of the beach before and after the continuous storms appeared as follows: straight
zone> the upper shadow zone > the lower shadow zone, and the changes of sections all
showed the basic features of scouring and silting along the boundary line of the multi-
year average sea level in Zhejiang coast. The slope of each section of the beach
generally decreased after the storm occurred.

(2) Intertidal shoreline of the beach retreated by an average of 14.75 m after storm
“Malakas”, and the storm “Chaba” caused the intertidal shoreline retreating landwards
10.91 m (compared with the intertidal shoreline before the two storms). The average
beach width before the two storms was113.06 m, and it changed to 98.31 m after the
first storm, and then changed to 102.15 m after the second storm.

(3) As to lateral variation, sediments with finer grain sizes moved with the water to the
sea due to the sediments sorting by hydrodynamic forces, making the sediments’ grain
size at the higher elevation location of beach and the middle elevation situation of beach
become coarser and the grain size of the low bank become finer. From the longitudinal
point of view, due to the protection of the horns and the effects of sediment
transportation along the coast, the sediments at the lower shadow zone were most stable,
and the hydrodynamic disturbances were prominently present at the straight zone and
the upper shadow zone.

(4) The distribution of different sediment size (gravel, sand, silt, etc) in different parts
makes the geomorphological characteristics different at along the beach profile. During
the storm, the strong hydrodynamic force transported the fine sediment to the sea, and
the coarse-grain gravel occurred in the beach surface. A series of changes in the

composition and distribution of beach sediments resulted in corresponding changes in
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the beach geomorphology (like changes of gravel belt).

(5) Dongsha beach faces southeast and is covered by horns or islands in the north and
south, which makes the southeast direction waves have the greatest impact on the
geomorphological change. The sediments were mainly caused by wind and
hydrodynamic forces escaping the near-shore bedrock and weathering and transport of
the island land rocks. Sediments lost a lot after the storm, but it was difficult to get
supplies. The eastward waves during the two storms directly hit the beach, and the
wind direction increased water level in the sea area near the research area. The
abnormally high water level made the scouring and deposition of the beach section
more obvious, and the cumulative effect of sea level rise would also increase the
typhoon storm surge and coastal erosion. The establishment of the seawall obstructed
the source of sediment and caused the beach to be eroded without supplies from the
hinderland. The water discharged from the drainage outlet increased erosion of the

beach, and the beach nourishment can help the beach recovering to some extent.

Keywords: Argus video monitoring system; Dongsha beach; continuous storms; the

beach response to storm
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1.1 EBEEREAREX

WA, BEZFHEANTRERRNSH, AERXFMERFER, AEXER
H BRI MM RFIH, mE2ERBHREE, mEFE LA RBHR
&, SYTHEERM., FREBN. ESWEAFELNEEW, SR T
FiRERIES. K, £FEF 10%NEREREM (FRERFE, 20100, FEN
H 49.5% MR R F AT RHRE (TR, 2013). Fitt, wflHBHupHEEE
R, $EARDRERNEM, —ELURBEEASMIANR L. WHRES&RA
RIMREAE R BD R IEME, (2020 SR ERLE . RIBEA AR Fr 2R R H a8k
(2004) CHHEMET T NMARIE B E, o] RRATF REMRT A AEEEM
Rl L.

HEPER E RIMRIT R, I, iE. HXRBHEERFSL, HRIRE
MRl FIEERIT. A, FITEWEERIEERR, \BILE 908 TIUE Bk
EHEERE, WIEEMRERAA 64km?, (X L5HEHEHAN 3%, mHFE
SHREFLUES. QILBRMEBHERE—W. HH, ALUBESHXKE=1T24
WM, RINVIAEMRRERESHMX. B, EETHEAMALEHHNE
EHT, fAHlUESERCATEFRMEN, WOEHRHEIEAIRER: R, Wi
BXR—ANZEREWR LT, FHTEET 6 4~ (Fig#H, 2010, #&
REEPIRBIRAMARMPHERL T, EENEMBLEEINTE, BdaRES
EE LK S BR (Brooksetal., 2017). I LIE, #oneSBEM & IEE D
5 AT TF R MR R BB A 75 R B 338K A1 OF JE R R R Y I At R AN
EhnkLE. A ARSI RF FEMTIR, BN BT E B B EIR.
A, BATE RTERANT A LB I RER LR, R RERNRR
FHER. BETR, XAEORRES 9 EZRIEE .

BT Argus WAER A R SRR IR B ST, EEE. Mo HFEI
MM SRR, R ERR KSR TR RE RN, i, 518k,
Argus PSR G TE EAMNEMT AR AE] Tz M. T, ALAHT
PR KRB RDEMESE, FIH 2016 FERTIREE Argus TR MR . R
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e 5 7K 3 71 s UL KR 3R SR LR AR » R\ TT R Mg T 128 582 X2 1) Wi i,
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BELREMR T —EETHERLRDN Argus BEEN RS . ERHRIERIL—E
EE R Lo ENEIRRAE LU RS RR L RRBFE NG
EE R TR e Sl g s ) R, d i o PR g AT Ab B SR W 5 0 e v
B E EHAE, TSI M SR SER R 4R DA R RO B A, 2 &
G X BRI, . AeETHERN ., FOREBRGEHrHK (B
1-1).
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B -7 7/
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AW ERE 8 W %
— FOLORFEE
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Figure 1-1 The composition of Argus system
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MILET 1992 F, HFEREROEGHNRENAR CXEGRBREGEN
640x480 18 &, SLHLTH NI T DOS #1E R4 28 4K Argus Wl RZ KA Unix
BIERS, LREBRN 640X480 BEMERRER A F=M Argus W RS
FH Linux #IERSE, i£F 1024x768 BENEEHFEL, XEFTHELH
FALAHE, 3 H Xt AT N B 3h B AR ML R 4 GRETF M3k F H, 2006
XML ES #5&R, 2016).

B HATALE, BAEEE. MEKR. 2. HE, BT, Hi=, XkE
SEFRERTEAA Argus WSL, SEEEL MBI EW 030 /15 &3 3
¥, 2015 £ 5 A, BEREFR/E BFERAMFEERTALRRRSHERY
IR T KFEEE Argus WAL, BER LG Y REERT PR TIEHR
KEAEER R BT, PEMFEERE S8 B BT B 1T U F i
XE&EWHEBRHEERM, Hh BRMERFAODBEFXEXREATRZIEALE
SRR Argus MG, TR, Argus MAKMAZEEACEEKBEREZ
%, BRBBEEELZRBRMIEER. Argus WHARSAEBREEN TREZRHY
HIRE TRERIMNA, TEARE:

(1) EEREEMEMTENEST, HHEBENR S ESRERRERT
e i) R

(2) ETEEMAFMHFRRE, MiTHERE TREEFYT R, H
B IR MR SRS R AL

(3) EEREKE, WEEZEME: HEABHRAFENRALME, B2
AT EHEEF;

(4) EEEREREE, LUMHERESMIER. PR, BHEKIES
e e s
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(5) WEAETHEER, FA Argus REMNENESHEEE, BERE
BEIRE.

EREM RS, BETRNRZCEEAREEDFRIE, BIRFHE, K
BREHT B U LKA, RAFENE, BTN A TR AT RSN
MBERAITIETE FH5b, ELE. KNGS PRGNS E R T 8550
RIEEE, KRG IIHIR R R IME S TS TR E.

122 Argus fFEMX AR S ERAR
HATE T Argus MUEG FERRENNREDE AL, TEGFEEEA
R R R IR S 4 ST EERBHMN AR (R 1-1. R 1-2) .

R 1-1 2T Argus YLERERKIHEEPERT B4 KRR I LA 5T

Table 1-1 Research on beach response to single storm based on Argus video

image
SCERRVE REHE BB YRB LK RERESHHE
Aarninkof et al. (2003) 1 g3 iibeogis
Harley et al. (2009) 1 (—&%)D Bt s A
Bramato et al. (2010) 1 WERRE S b
Alegriaetal. (2011) 1 BRA M FEHR
Sancho etal. (2012, 2013) 1 W b i
Poate etal. (2014, 2015) 1 bR FHA
Scott et al. (2015) 1 BRA M FHRY
Archetti et al. (2015) 1 (—&F]D W FEH

Masselink et al. (2015, 2016) 1 A FEA
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R 1-2 ZT Argus YU BB RIHRHMERS 1 52 X2 B IR LA T
Table 1-2 Research on beach response to continuous storms based on Argus

video image

SCHR YR REHE R ETFK REBHREESE

Yoonetal. (2007) 5 B R e 2R I
Alegria etal. (2008) 9 BRA M FHER
Ojeda et al. (2008) 25 W R 5 7Y
Splinter etal. (2011) A g3 Ry
Ranasinghe etal. (2012) 24,17 Wi Y
Gervais etal. (2013,2015) 8 Wi YR
Balouin etal. (2013) A B YAy
Karunarathna et al. (2014) A 27 s 7Y
Cocoetal. (2014) 4 g FER
Angnuureng et al. (2015) 83 Wi YR

(1) HREXT A KU Y e L

AR T AR MR AN KR M RRRAE , 228 113 A (R R B e it 4T
THR, BEDRER. DIRRESRERNERAME (R 1-1),

Hebx FRORERNTE, ANERKTFERSLEE, FEEPERSERNFE
EREM, FEWRES RS MBS BT 5 F, Aarninkofetal. (2003) 7E FG 3
] Barcelona F1 Bogatell, [ fRLZRMBEE R ITHERBTREBEIBNELRT
th, BRHE—KRES, BLERBTJLTK: Sanchoetal. (2012,2013) XfFaEE
FEED G E =AU R M BB IR & T X KR M R AEEAT TR AT,
B AR EASAE B R R RGEAT 04T, STH T ARG E — B A F SR AL
BRRBENESR; Harleyetal. (2009) ) 2004~2008 48] 1) Argus B3R,
B9 7 BRKH T 4 B SRR S B 45 Collaroy-Narrabeen Xt — R 5| 8N KRB FHH)
MR, 4T T MR NN, R ZELE BRAREEHRT THER. N FE
RIMGMRI R BN R, 0 Archetti 2 (2011,2015,2016) AEKFITE BT
JLEB Y Jesolo EEME NG, I /il R LA B RBURIFIEZ R KRR, IR T —
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FAM 3 MEZRBHRIMSERELME, KMATLY ERFE, 7LD X
FHA R A 2R B ThaR

EE SR FEA MR AEMEN KRBT H, FELKEAREENIRAME
BRF. tean: Alegriaetal. (2011) fEBNMUSREEEIE KER, S T RE TS
#8 Slapton Sands Bk A M T X X (IR BIRFAE; Poateetal. (2014,2015) AR T
FLE 7474 Loe Bar, Slapton Sands 1 Chesil =AM ER MGG MR AERZN
RN, SERAN: EESREFMS THHRMNE -8, FHERE—NEA
A SERURRED 1.5m FIRMEL. RBEHRSENRNARALE, BF
S RS A RN B A 3 T #81T 17m; Masselink et al. (2015, 2016)
3 3 [ 78 B R g AT T RBRBNR T, 18T i MR R E RS S R IR
| A% == 75 g 5 G ME RS XU A B ) R SR R R R MBI, 8 R R I I (e 1 JR A0 i
777 1] A DR B A A 15 T A% == T B Vi 52 A ML B0 R il 7 3 B HH A 2 K B = TR A
k.

KT WERR G TUEME KE K MR T8>, Bramato etal. (20100 BAF T
FEHET RS RGME Carchuna £ —XRBEHE . EPREEEBREZFTH
WE SRR, BT METTRR YA AL i R &AL E 55 R IE KEAT S AR,
RIS HF MR 4 2 L Ik R XA AR R AL

(2) HgMERELE R M B
TR, WX ELXNRNENGIET BELHXE, FIAHE, B EEN
F RN R LR AN M BE E 3R Ak 3 T g MR S AL KR B R S Mg MR IR SRR
MR AR AR 2, WM FRES BE, WIRKES, HIKEN
BRMFERY (K 12).
FENMNEERBEREFR FERDIGT RS XFR Z, Ranasinghe et al.
(012X L7347 T 288 Palm g MEMIL K 3 %5 44 Duck #2452 A2 (W 7,
BUTIERAESKENERE (Tmr), SRERSEXHMEMRK Tmr L85 &
10 H; Balouinetal. (2013) F|fH Argus BEEIE 7T T EE Sete MR LTI
WARHE SR B WIS HE R BB RS, 45 RR Y, XTME-E& R R,
FHERZRREN, FESENEAPLUIRE XM AR ERIME, KEH
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A BB —#% & 10-20 KX; Angnuureng et al. (2015) XFv%:E 7GR #EH Bisscarrosse #
FEREAT T KIE 6 SEHIRSIWH, AT BAFFIIRBIGEHATIT. SRE
0. RE&SE 9 RIEMBMAKEIIRNZ RS, REENRIMKELEFIINEN
BRI EAE), TS BB IE D, TR FIRIRIIR T,
BohEER AL KERERN, W APILUEREFA. 15k, Splinteretal. (2011)
BT R T 35 4 08 5 Vi T AE X 9 1) 00 3 35 3R A X 8% 5 g M AR TR 2
32, Gervaisetal. (2013,2015) HARTT 7 REF MY A E RV N MR
W . v M D Pk 2 38

X FURE R RS M, Ojeda et al. (2008) FIAMMBNEARHFRT
2001~2006 S FEPE T BEE D BEHE N A TR FHEMHEX 25 MRBEHRB)IHER
MR, M THEEKUHE . K TYIE RS R LR B KR R R
Karunarathna et al. (2014) $37id 18 7R H775 BU/R LM Narrabeen #3# R,
B E ST RBERKIMEL H5R T EMEZAN REAMULZ B ER
Hh BN IR SR, R X2 0 IRV 5 Kk 523 B2 2 1R F e [ V) R o 2 o R 4
H.

e FEAP R MR ELXRMWMJTE, Cocoetal. (2014) FFHIIF
T EHHE R EKIRIESYE . MMEGREE, TR TEEE/RLZEE Truc
Vert #EMETERE M R ) X RB BRI SAFAE, Lok RIR TR MiE
FEEARRR AL RT B B AR IRAFAE . B E S BRI XK B IR R R R
(BARREH A KRR AT RBCKBIRBERHR TR T Puigetal. (2016 B
AT 1956-2010 4F 8] QX FGHEF PG AF Cadiz ¥ 4 AN RIS 8 T b B Z Rk
Mg (FANTERE, AMESED MmiBRLTHNEm, NEETFE5ELEL
RIS TR A FEMERERIFIERE, RBXNTHEERERAYWERE.

TERZRE LT M Sk KB S IR FT 7, Yoon etal. (2007) $% (Al FF 515t
HENES G ERRBHANREETLHT T ELDT, KRBEKRELNZILYS
BREERRERE X R

KTFWERRA M. BRA WXL X R0 S AR IR, UK Alegria et
al. (2008) FIFH Argus G EHER RTK GPS Bz &3, @dHeREE
B, R T 9 X BIERKHME = g 8R4 M Slapton Sands ¥E
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B R B A2 IR b T i B R IR AR FR IR I B K B 42 57 A RTK GPS 31
LEFRBRRZEKNER, SRENERIRENT 021 m.

1.3 Bl R SRAY N R/ SRR

(5] — g PHEXT 7S (7 IRV 1 i JRL AR AE R A (R 1) A [ MMt [ — SRR B i L 7 A
[ [E A2 — MBI 5 HT R BT S TR YURR A R e BT SR M PR R KB L
R, 3FHF BTSRRI BN (R 1-3),

TEURYS B P X R NA B IR SO, BEES (2001) MTEREMOK
WER ] o P PO R T 34T T B R, KOV WERI T IR M E B3 R R R,

B RCTR 2 F EOE A G  EL B B B RN 7 BR4E5% (2004) DA Ui
BRI T REEM A, BT T R SHERT3E MBI Mt & R« 5
AE” KA EMPAFIE; FRIFEE (2005) MRS H FYEEHITAE, 2
TN & RN, KRR IR EMEER A B EEH, A
KRB VIR S R = UTRR 0 RARFEAR L BRT 2% (2000) FIFH & R “IREL & ”
MFE” HINEREBLENHEEIE, 50T IR ERENE T iR E AR
FEBE R B R ARHE, X2 G, THES (2015) XETIHLMERE,
FIFRBARG T HERRT 0709 S &R “Fi” HW T EILESERERTRBE
REH TR

B UYL B i et R R R L4, EHER I WA, FE AR
W BT % (1995) 4347 T B FKRERIEE XS 8616 5 & REI AR AF1E,
RV EHMAR T RGERRMRTE;: ZRE (2008) XTHHH THRE
RIS AL, WUl RE M 0418 5 & X UR R4 R UM R E
FRERMN, SRR\ EMEMUNE B ERFE, B SRR
R B NREY: Yu et al. (2013) BFR T HEMFHMER (—AHI
T — A RIERD) X6 BB, BRNE (2017) @ LgHRMEE
B E R T Ish TR R, KB E RAER B Al 3 B Ay
HEF M.
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& 1-3 [ P HHEXT R X LR FOXT B

Table 1-3 Comparison of various domestic beach responses to storms

SCHERKIR =5 BITRER K RBREESH
BRT%, 1995 8616 5 Wb T
BEES, 2001 9904. 9905. 9908 = gt e s 7
BES, 2002 9914 5 &R gt (g
BH%, 2004 AR Wi WEF 5 7
BE%, 2006 R B i gy 7
BB, 2006 ZF Wi YR
BE%, 2006 pra il Wb g FEA
B%, 2008 ZFH BRigH e 75 7
BT %, 2009 Rk, 8 B R i Lbegic)
PR, 2012 &I W B e 5 R
Yuetal, 2013 L2y 34 Wb I g I IR
BEHIRE, 2014 i wb i M s A
FHAAS, 2015 0312 & R EMR T
T&HE%, 2015 0709 5 Wb IR g e 5 7
HRdE%%, 2016 B Wb ey 2
L%, 2016 KA — 2T R b i Wep 5 %Y
ER%, 2017 RO #EhY B i e 5 7
R, 2017 BT R YA

Z: 38 Dk, EE W R g

1.3.1 FHFERBE
TR, BEERRRKSHANES, EUXAENEENEHE - MEA R
M B4 (Dinuetal,,2017), RERZELXRE. BaiEAXN TELEXROT AR
D, GBS (2016) FIHSWMTE A ENEMHITIE 8 F (FEL) W
SR, 25638 /NEFV/INB R T 43 81 7 v 2R i e T v K SR T 3R AR A B
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EHRER, FRR\ERKAPZTHFIEZETFRBHERARLBKOKEH.
FERE (2017) WEAHTT 1409 SER “BY@” T 1415 SR “HEES” Bt
B S Mg W T R R B UTRRE R, RIVES: & RS FEE R 2 IR i ii
B5R, MR A0 SR RV R SR SY .

FEHEHE R M B 7 TH ST E WL I MR B AR 2D, SkEWHSE (1987) LASFIL
FERAARRRE A, PR T ORRIEEE S X SR AR R GURRERIE, 5
AHRRBIREFEERN. A4, BEEHIE 2014 AT ER “BE” HE
WA MR R
14 RXEETE

WAL EbR: FIH 2016 4F Argus RERNEEE . RIVEHITFKIR. 5%
KB A HE AR MEE R B TUR YA R, BB BERINS Argus N AR IE
PETH RO, BETANEMERLSR . BIT . EMRRLE . BN . RETTRYR R
G 07 T ST ZR U0 e o 5 X P L8

HRAE:

(1) MR . BREXTIELR KRN B

XTHEHERY 15 SR E7E PR MBI R Al G BB TR, FHE&RIE
MEBERINRE. WE, S ARRERINTERES K MRRFE: XA R R R AR
B S MR R R REAT 40T, FFTH B RR R A S R it 8 /K T 1 5

(2) FEMEDTR S5 0] 7 48 R AR () W Y

FH Argus SAMBRAECKRIBRE BUR, 2047 B IRRR BT S IS [F 3R AL e 5R
ks SIS RRRTE VIR A ] R E 2 BARHIE, R EEUTIR
Xof 45 IR P e L A A

(3) HEPREXT R BRI L F) S he R R

MM, BASE SERURKR, MW, K, BFEEAENE
E RS g r R
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BB R HEARREME 12 B, BARBRABRERULERRRE
I BB IR ER Y B . Argus BREIE, A5 H Delft3D ALK G MERTVRIR 1T
by BE. BURFR B IMNBIRESR IR il 7%, @t iw KR, B4,
BB RKIREIE, FA Delfi3D IEXMRRIMRIEML A IRNEE. T/EHIR
BB IR B A0 55 A — NIRRTV SR 21T X HUATE . BB AL. BUR BRI
FDM MW FIH SN Argus $3E FELAE Argus /KSR EER. 2F8
ITEGRLE . KULIRI. MHEHMEEELRIE. MRETE, ThEERBE

Mg T MRS R R R R, RA/HER.

$ 4 35
]
L4
Wi b 3 &
|
Y + *
Delft3Difi i | & T bR o T8 e A
FASTEE X S D i AV KA
y |
K i1 4% 4 L , *
A 1] 47 o -
Y | vl
fiy b, JE 44 )
I VR 25 48l
v
1 B HE 4 b
I

B 1-2 FFREARRRL

Figure 1-2 Technology route
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2018 SR AREEF AR B T X SRt

FEWRXEHRA

2.1 HERHA

RERGRALTHEALRS, M FALBESHAREREE, HRS 20t
T FIm R RIRERR, K 144 km, BT 9.1 km, FEEER 62.2 km?, #E
K 792km, UUEE. A, BRERE. SHMSRZIERFKLRZHE
DL A RS IRMRIE, FE/BER: EREE, NEHH, LBEER, £
MK, tHRRE, BRETRLEE, RRED.

RIGHEEMAL LA LT RERBIRI (B 2-1), 2K 1440 m, &
#1250 m, TEEARE, MAEITILS, dtEFREL. RPERVRIER, BNE
M2 NNE-SSW E[A], B R M ANEd, BEAIRSEIEM, wMEHHT
RS AT, LBPE, BENERRAYEEA (E/0H, 2014).

E 21"40'0°E 0'0"E 1 0'0"E 40'0°E
1 1 1 1
L A
~ A
z % i %% 7
. 2 A %
; Lot % o
C ’ 1 \JQ: ‘) A Oo
i "
24 ! i
= o
; ? %
& /
P
7y %04
#i
000
Z {
- L]
o M~ > 000
| i
2y \o°°
i \ 009
/“"?
w ; ° \rgus W3 25 67 8 =
0, ¢ 0 25 50 km ko 0 250 500 m
\ o LR R 2 o |

B 2-1 $FR XK Argus IS 47 B 7R &

Figure 2-1 Location of the study area and Argus observation station
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2.2 W R bR BT AR 4SE

RIVEMFTERRFRBEMT BT XAEEE S, EANRILEE L
— 4y, HURHETR TR, EattE@EBEFBANET. HRmENE
ReAT I, )51 B AR 45%, DOERCFECAE, ERWEE. A8 (BAa0) KE
M AR BRI S A . RPEMHHEN A RSN, ERAE
100~200 m, ERRZIAFE /MK S, BRFR, WEEFFEYE. s
BENFEEK TR, FH0LE R N R R (E 2-2),

RFRBAENAREREORDE, RY. @Y. TV, BEY. 50, Mg
AVEER BTG, M. RXRBRBHERIIAD I TFERZEN
2.06~2.51 9, R AK; 471 R%0.49~0.63, SriktiF; FIARYHIIREHE S
M2 R, SR ER: BSESMIEEN 1.46~2.58, EFEREMARAIR
B RRRBIEBRBYETERGKIO, REARDHTIEHGATE L. B
R . SRR AR HIE R MHE R TR IRLAR L AN R K, TR R e R 2
AR 6.6  (HHMED), HIBRE RINEUIRRY PR 2P H B LA MaA (&
B E, 2014; FKEAMESE, 2012). HAXEMIEEEED S ELAES. EFRK,
K25 0.6~1.4kg/m*, EZEHN 0.024~0.098 kg/m>. BIVHIFERZEL T 2.5~5.2
um Z &, WHRERREZH (RIE5, 2014),

2.3 BRI

RFR B HERBORE T 0.5 m, RAKE 42 m, FFHEAL 36
s, % A P A4 515 0.3~0.6 m F12.6~4.5s 2 [A], XFERTH=E,
wEmad. Rk, R, KIRSEFE 8~10 A, URRNE, BRtLL5—E
RIELBl. s b, FERFKRIEREAN D ITKIEMRIT, STE & RAKREISA
BRI 226 m, AR 2.6s.

RFRE B, MW IENN: B RS TERERE, BB
o B RIEE K, b Hue/Hve 29 0.03, ¥ X (8% 8 T IE M 2 0
KR, BAE—N K H A HILF R & AR EE, A HEMERSMER.
BN SEENW, “FIHEIZE 2.5~2.8 m, BAEIZE 4.79m (BRiEES, 1982),
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2018 FER R FEW T AR X B 7L X SR

A

N

122°24'E 122°25'E 122:26'E 122‘1’27'E
l -

Bl 2-2 FRyDigsE R LM Kt iR s (B BREAK, 2014)
Figure 2-2 Geological and geomorphological map of Dongsha beach and its
vicinity (modified from Cheng Lin et al., 2014)

24 Rt SimFbEK

KA X FHRENFE A ML, dEFEIb R A E, BImES A
11.2%- 10.7%F01 8.8%. FHRE LA T MEK, 7 6.4m/s, HIKAEE IR
6.1 m/s FIdb[F] . FEZAREE M AT 6 m/s. ARXIEJBERHERSEX, KXE. XEF
B EMET RN XA HZETT R R S8 R RS m TR, JbEX
EEREK, BRXESHEE. £EFEITRENNW. NNW, EZHTXA
A SSE. SE.

KFRJEFIRIE 164 C, —HHZEPHREN 6 ChEA, \AX
BEIE 268 CTo RRXRBWENMETHBUMBLESE, SFEREATHN
WMARENRNTE. F—AWNERKE3-6 HNENAEN, BKHEEE, R
HREMAY, EEREWHAKENHIN. FERKERN 200~500 mm, HEWNEH
25%~34%; HFREAREKEN 150~400 mm, HFEFENH 20%~28%, F—PMHREM
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2018 FER H RFEM LM Tt 5L X AR 1

B E G EEM I EER 40%~50%. B MWERLE 8 ANEXANS 9 A MK
M, AWEE 220~500mm, HEWER 20%~28.5%. MEREKEEERHLER
65%~70%, BtEAREKATERILE RS, FURMAKREE. FHEKHE (HBEKE>O.1
mm) A 150 RESR, BKEYLL3~6 A 8~9 HARKS, L7 AR 10 HESH
A2 AAmd (EFKEH RS ZIEBEFAA, 2012).

2.5 BRKRERR

H 1949 £ 2016 £, HLEILE 43 MEXRER (B 2-3). BRHTIAX
4y & RAETG LA 7 AR RS M T I6 7 RS S NI TLIR T, GVE WL “ 8
R K. BREILH & RNEE HER A%, 2P, £ 21 e+
BERATLHE RBERE, X 121, SETPHER 1.2 1. X 68 4 REMIIT
16 R FE AR A RBR G K, 20 850G XMEH 74%, Rk, EEH
KON E K. 79 ARG RERMITLRZMZET, 4485 3%, K
t 7 AH 134, 8 AF 184, 10 HLRWREH & RBFER (GRS, 2009).

10 T
8 "
6 -
4 -
/\-
27 A A A AVYUA N
\ A A/ \ //’ \\ 2 s Vala VaVaV, \ /o , \ A jv 4
0 - \%—Lw\~ e N AL NAL Y Y M N Y \ ¥ VV A\
1950 1956 1960 1965 1970 1975 1980 1985 1980 1995 2000 2006 2010 2015
14
Kl 2-3 Sme BB BRI & RERR A (RS REE, 2009; & XERASLR &K A
R4

Figure 2-3 Inter-year distribution of typhoons affecting and launching Zhejiang (Xu

etal.,, 2009; Typhoon Path Real-time Publishing System)

16



2018 FEHUR L E AL . AR S 4012

BIBERFEANSLE
3. MR ‘TR M YEE” 8

2016 FEBEH & REMATL, HEEZI X8 RER WA EHI %,
MRS “GHE” AR “BEH” (EABEERN KA RS :
http:/typhoon.zjwater.gov.cn), [, Z<SCALIX BN XUFRTF R HEMEXT X2 1 B2 Y BF
o

2016 2E% 16 SRR “S#¥£79 A 13 H 2 REAILKFEESER (B
WE 3-1), FOALFIRS 13.6°, HRE 139.5°, FLEKASNA 18 m/s, BENTT
FATEIREE . U/NET 15~20 A BIEE AL mIE T M85, B4R e
H3%. 9 A 14 H 8 B, SBEFE NEAFHBRBI A, 9 A 15 H 20 B FHA
AR, LR AREE 42ms, 9H 17 B 22 BIFGEERETTRIER, BX
A EdbILFEE IR AR A . 9 A 18 H 12 B, RERHEN“THF” LHEREX,
“H 210, RECEREX, “SER” g8EmARILTmEs, T9H19H 23
WAEERAREILSER, AREREAER, M/EBHEEE 20 HEHT.

2016 £ 18 S XE “IBE” 9 A 28 H 2 MAEFILAPEBHAER (BER
B 3-1), L FALs 14.6°, HRE 150°, FOBKXASIA 18 m/is, BEHTTHA
[[F. TG /N 15~25 A BRGEBE R AL RE T |50, SRR AKEE, 2
10 A 1 H S B AL AEMERNE, EBIIRETREAKIESE, £10A2H8
I FH 4R HHBIR A R, OB K RGEIX 52 mis. 10 A 4 HOR, 17 RBRERER “E
B A, FaketmdtBsn, £ 9 RMALAFE 60 m/s HIRGEFMEHITLR
HigEid., 10 H4 H 17N AG “BE” 5ALFSHMEEREME, 10 A 4H 20
i AR R & KPR 3R & T BT R BRI AL 785, 10 4 5H 5
RS EGHERAEGR, B 1 BEEERRGTRAR, MEZHHET (8
P& 12 LR AT &: http:/typhoon.zjwater.gov.cn ).
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120°0'0"E 125°0'0"E 130°00"E 135°0'0"E
1 1 1 1

30°0'0"N

o6

"R 7R 1T

25°0°0"N

# Z /
. 0 250 500 km
\ : L L J

Bl 3-1 R “O#R7, “BE” KEE

Figure 3-1 The route of storm “Malakas” and “Chaba”

3.2 Argus PUSRE &R FKEY

B 2015 5 5 A KFEEE Argus SIAURIN R4t (B 3-2) £ LTARRER
ML NG, SRS 7M. o BORESEM IR BE SR, aiEmnE
1& (snap-shot image ), if $3J I {& (time-exposure image )« 77 £ & (variance image) ,
BI&R 7 HE Ry 2448%2048. AT 5T 3 ZE ) F % B PR 4500 B 359 BB A g ME R B 1
ROTMEBEEEFE 2016 £9 A 16 H-9 A 21 H (AR “S#FE” §1/5)
LLR 2016 F 10 H 4 H-10 A 5 H (KB “EBE” §i/E) rEGLLHTESEM S
PrabEE.
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B 3-2 Argus A~ = B

Figure 3-2 Argus station

3.3 LReE R R EBRKIE
Argus FTREREBR 4N FIEER, MRbErEMERE =48 . SZ4R,

IRl b 75 B — 4 P T MR 3R AT — R IR e LUE 4. SR, 9 7 BRI~ i
1§ 5 SEPRE M ELXT N, TEE RN E ZAIAL BN R KR, BVBEIT A bRk
Bk BUF AR A, 2006). X ARSI #5 B O B 25 LA BB AS X o
WG RS PR R B A R S 47 st AT B RIS AE R B4, X W] LU

SEEE ALK (u,v) FIESEABRR (x,y,2) ZIAHIXTRI K AR R (B 3-3), Argus
RET OB T AN K Z (Holland et al., 1997). E{GRIE ST FARR
2 HXARETBRENME (X Yo z0)s BREE  (SHBEYUKTFRE s B
$4H%, Lippmann and Holman, 1989;Aarninkhof, 2003) A =MREHLAE (i
T, T @ MRS o) BT AX=ASERENN. AF . oMo 5il
R IFEE X T z MR . KFJ7 R EAX T xy T LA BT AR X
FHU P LA e . bR R VAT B LA F R R (x,y,2) B (u, v)
iok: 8
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— L1X+L2y+L32+L4 (ﬁ 3_1 )
L9x+L10y+L112+1

_ L5x+L6y+L7Z+L8 (j_:t‘; 3-2)
L9x+L10y+L112+1

B Li~Ly BN REE (1, 9, 05 X, Vo, 2o ) HIRMHERBH £H. XA
ARFECET DL A& BLE I O 0 MG AL ST tH SRALARIREL K — R P S % A (KA
HuTE 4] 5 (Ground Control Points), 5 GCP) RHiE. N T KB BIFFHEHT
FERMEIEH] A, 2015 4 5 H 2380 H RTK GPS W& 7 M E E i\ S 425
R A UL R PR _E R Hl A (K 3-4a). Wi EIGRIES LRSS, BiE
JEH 6 MRELMEGHTEGU-EAERE, REEENERRETH
B (& 3-4b. & 3-4c),

(xc,yc,zc)

3-3 bR F B R E A (Aarninkhof,2003)

Fig 3-3 Schematic diagram of coordinate conversion principle (Aarninkhof, 2003)
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2018 S R F 22 AR 3C HAmARI S A 7R

K34 (a) Cl BB keRER SMERER (RS iR ER Y EREE
B, VORME LRSS (b) A (o) RIIEM 2016 9 A 16 HHIE R
KSR ]

Figure 3-4 (a)Schematic diagram of camera C1 control point measurement before
installation (The circle dot is the outline control point around the beach, and V is the
control point on the beach), (b) Panorama view of Dongsha beach on September 16,

2016 (c) plan view of Dongsha beach on September 16, 2016

3.4 18827 B IR E
3.4.1 IBM L{ERE

TEFIF Argus REEE L MER HUT T & 56 BARBUG M & NI ZI KLk,
TR it Argus B4 Y IBM CInetertidal Beach Mapper) 52 A A5 3K AT,
HTERmME 3-5 Fin. IBM MAEREEESHAMERL: KIALIRHERA
AKIDL R (B 3-6), IBM /KR IRMEE F 8 ZRE R ERHGEEREY
TRFSEEE R X 4 TR RFBE R RE. ROUMEGER UL RGB 784,
H MR E RO E N S8R (RGB) EEKIES. 28T RGB
FRIAGHEE TREMZEREE, XH18 RGB BIREMGE B EE B
iR A LR HE YA BTRR R, R IBM MR X N IR R SR il oAb
AR (. W) MIEEE(Z M) hsv (“Hue Saturation Value”) & 25[d] (B
3-7), hsv BB LL RGB R T EH & 7K (Russ, 1995). BETEENT 0
1 ZIE, WO (=0 256, mE. g6 (AiR=05). Hf. 6
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FEXREZIE (BiF=1), WTEEMAE, MAESENTF oM 1 20E, F
T (4. g B MREE 5. RO, B KAME 1. AREERRES
FEZR, WENTOM1 2F, 0 RFEE, 1 KKRAE.

= Argus Planview Processor B 1BM Result Window [version 1.0] - o IEN°
File Image Waterine Tools User

08 00 09.CST. 2016, zhoushan. c2, tinex. jpg Psi applied to ROI Discimination Ory - Wet

Dismiss
NSmoot 2 =
HobsDr 0,323 -
STDv 0252 e
yRange 1117
0 Accept

1474070409, Sat. Sep. 17
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& 3-5 IBM FLH T A 5 1

Figure 3-5 Working interface of IBM module
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Figure 3-6 Working principle of IBM module
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2018 FE R R AR T BRI S 4

IBM /KB £k iR 5 B Se B AEY4BRIX (Region Of Interest, ROI) WiHITIR R 58E
ERFE, SRIETE M7 (A chxf iX LR E AT 7726, BEMX RIR R R BB AT
TR LAERR S, FFE 0 A0 | Z A BEAT 4 LACE TR AR IR R B 2 (M AR
EoE, FEVEARATIR A WL SCER (Aarninkhof, 2003), fEHAFER,

BT Argus RGH 1 IBM EE BEMNN S EGHIRAKERWME, Fit
IBM 5 F2 M B4 00 25056 F8 72 T 5 B B) P9 32 i 7K G 2R Bk i) o B A BT B 3L AR

(Janssen, 1997), RUEAGZ, RAEBGRAEIEAK, 851 E K BIEKMIERIRG % .
KN mERE (RIAKAD Zo (R3-3 ) ZBHEIKAL Z=Zeer LA EHJEW B AZiger R
B 5] I 7K ALAZ storm BA KRB RIGIKAZ wing BIFE R BT, AAF -

Zy = Zyes + DZyige + Dstorm + BZying (3-3)

AZsiorm B FRSERRBE 7RI XI5 72 A6 [ F 357K AL R R TE BBk, 1T AZwing U2 7K
LR R B 2 8 4 B ZE K 4 BRI R 77 51 FEA R 3R KA BT ki 2k
A o R B U K P FE B A I 3 SRR B [X 10 ke P fG 0 2 7K A7 B 48 LA B AZ g FO
AZsorm FITIBRE . WNRE AHMERIKMEIE, AZise FAZgom 10T LA
WHRRBEEA I E K (Aaminkhof,2003).

K 3-7 hsv 525 [8] (Aarninkhof, 2003)

Figure 3-7 hsv color space (Aarninkhof, 2003)
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3.4.2 BUREBIR

AT IRE IBM R E TR ENEMRATEREE, ROTEILEME T HA
PEAREEAT BRI, anl 2-1 B, Hoob 1HE AR A B (122.5° E,29.8°
N), 2HFFRHEEAIE N (122.46° E, 29.86° N). R & HATKEARZEE WM, /5
FHATRE—NH (2016 7 A 6 H~2016 F£8 A 7 H) HIZH Wil . /R
1 28 5 PR 0 75 2% 2 S #h &AL (AWAC, B 3-8a), 45/ SRR AL
RESHEMRERME, BRRFEME: 2Hz, BILK/D: 0.4~2m, JFFIRZE:
+2° , EEiRE: £0.15%, Bl &G 0.0~10.0 m, & W E7EF: 0~360° .
WG SR AR R, BB REROE, % BRI ES4E B 1 2 & (R A R &
FEER, TEXAEHRNFRHRMER, BIRMERABRBBHER AWAC £
& (P 3-8b)s

AL BE SRR B VR T 15 (29.93° N,122.3° E, BEAFACIX 4 12.83 km).

xR

$= 54 AT
i

K 3-8 (a) AELZEBBIRAIEMEN, (b) BEBPHE AWAC £
Figure 3-8 (a)Acoustic Doppler Wave Profile Velocimeter, (b) Self-releasing
anti-drag base of AWAC
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343 RRABZFRDERMDEHENRA. BRS5HM

W& “TE&7 REMEEREEANRIL. R, RE (B39, BKKEH
#1124, FIBAY 834s, RRKERIKE 24 m CRIAKR), KAET 2016 59
A 20 H 88, FHERES 1.6 mi N “S¥R” RAHRESFHRER 5.24
m/s (B 3-10), MEHKMEN 11.3m/s, RET 20169 5 18 H 6B, AE“L
7 R E R ER R, FF BRI AT A X REER R R
A PR M A R KA 270 em (B 3-11), HILRTAN 9 A 19 H 23 &F, H
£ 9 A 20 H 2IE K XBIE/KEN 67 om.

KRB “BW” RAEWETHREEL 551 mis, RERAEN 11ms, BRETF
2016 £ 10 A 4 H 14 B, RFE “EBE” WM FEXEAdbmArEibm, “ e
RAEREMFER AR, K, sRKRAEAR 134s, FHKEAR 98 s,
BRAEREE 3 m (RAR), B4ET 2016 F10 A 4 H 198, FHEREF
1.97 m, M HEHEMEMT TR S OR#I 62 221 em, HIRAE 10 A 4 H 11 &,
CRE” RAEHAE R KR BEEIKE S 51 em.
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Figure 3-9 Wave conditions during storms (a. Effective wave heights during the
storm "Malakas"; b. Effective wave heights during the storm "Chaba"; c. wave
direction occurrence frequency during storms; d. The average effective wave heights

of various directions during storms)
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Figure 3-13 Wind conditions during storms
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3.4.4 BRERIEBIRERL

Argus 7KIB %1t BB R o 35 B M AT K CLEUR R RSN, TOHEMERT IS /K AL
R AL R MRS OB ERN AR, HRBRMNEERXAILE
T PSR A B AL B o e T SR RTVR A TR B, B R BRAT TR E iRk
DX 6 YR 4R SR 3 (14 B SR SR HE B AT VR O TR o AR R B 48 SR A T 52
P, IRATHE B A3 37 L #4038 5 (B I R) BB 5 SR gk AT 0 LRI o SR K iR 15
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(1) EESHEE

AR LN THEIRIEFR OKIRAL 20 m) B HIR KR G SN IREEE il
F&M, GEHEKE. BER. URREREEE, RAELME (B 3-12),
2237 Delft3D SWAN SRR, AT E R IEMER SIVERIR . 28 IRIER OK
BRARL 16 m) TERE AL E R (87,48), RIDUEMERT T BORSIETERAR H f AL
BR (36,47). ERFHHETLETE 29.75°~30°N 1 122.2°~122.9°E 2 [d], FEH,
FERF R B R A MK K/NZI: 100 mx100 m; [HEFRRIEEZE 2016
F5 A 4 HBBEE, 19 kX2 KA BB 4 38 2016 £9 A 16 H-9 A 21 H.
10 H 4 H-10 A 5 H, ZR&EEEHEUNEERREN 2016 F 5 A 4 H 00:00
£ 2016 F 10 H 6 H 23:00, &/ A HE—RKIRY; EEMEEFERETKE
AL T KRR AR | SRR A R B RFE LA S B TR G5 . TR BB R &
(Komen et al.,1994) ZHHI %,
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Figure 3-12 Wave computing grid

(2) BIRFEIIE

BT AR YDA [ )9 NNE-SSW, TR RIBRABIR 2 i mBGi &%, Kt
ZrFaIER (225°~315°) KIREILESAE, RERFFS LB, MEER LR S
IR R, (BT R BUHE X b B FRAT 14 8 1 A0 {f 78 o) () B 5 SRHEBRTE 0 AT 251
SR SRS RS B 3-13 FRom, AR R0 e R ik Ve ) A S s
BHAREA B, MXRED BN 18.87%H 11.79% (&R AEBRWT IR S
MXHRZE ). BRSNS Q#EIRIFID T 2016 7 H 6 H 15 B
Z 2016 458 A 7 H 9 B XWM IR ML IR B, 2 0 55 Jy[R] i 18] B 12 U 3 3% VR AR
BitHEER.
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B R KIRBE B M SR LB Ak 2SR T E T E,
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(b) MPMEHEHHIRE

EBATEIEERA F, BT BARN ARHRIEAKE L AR IR B AR SR
FREH, BEKRNETEFE—EHIRE. WNBEEL S FIRERBEINRES
ERRERZ —.

REBRELE, HEE LT, BIE SHUENSEGT, REME UES
HOYE B 2 N ELx Ja SEEE AL B B RE A K

3.5 W ARESRES
FIF Argus FUAREMR IS I RS 1 iBathy BB AT LIRS 8 METHI (7 0 7 5
W, HPTRANIEMIT A Matlab L1 E, IR TMAE 3-14 Fim.
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Figure 3-14 Working interface of iBathy module

NTRAEET iBathy #H{EFTHREERIRE, FAUEA RTK GPS F 2016 4
5 A 4 BXRIDEEME AT T — XIS Eh, SLERIE AE 41 DMEEH AL
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¥ RTK GPS MEE T8I & K Argus MRS HEE 25 5 b 5t B2 s e AR 1T B
5, ROEAMAMREN 15%HRELMWHME 03 m LT (B 3-16), 6 M&
B3k (C1~C6) RETFHMEAN 0.145 m, /NTHAEN ARG BB IR E R KA
0.25m, 51R % & & o 70 A tb BB A 21 (Holland et al., 1997; Harley et al., 2007,
Holman et al., 2007; Siegle et al., 2007; Ruggiero and List, 2009; Alegria and Masselink,
2010; Archetti and Romagnoli, 2011; Archetti et al., 2015). FAT@# T L P2 5
Z A SERBE 5 Argus B3R H G HIP S FEE RN B FHEEEIRE (K 3-27),
BUHTPHEEREFHEN 1173 m (GIREEE), REELZEEPE0~10m,
RENMIE AGFTEE (0.5~20 m) W (Aaminkhof, 2003). RZESH EIH LT
HIEE. B Argus ML BE BRI, A AT ENRZEM/D: R AH] S IR E R
MK, FHEESREBK.
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3.6 BEE AR BEREMVNEEWETR

T 60 4 0 A AR A A B R T U 0 T8 4 4 R 1 S T 90 46 8 (Hamm et al,
2003), Feiz1 T oy U8 I 7E M 12 320 B RT3 A0 B 7 B AR A 2 Ao B A A C PR
3-18), LA AV Mg MEAR AR A0 40 B3 0 T £ b RS 0

i AR AL B

3-18 WiREITEFEHE

Figure 3-18 Calculation of scour volume

B TR AR E RS NB AT RSN, BEINERERAE Xnd),
WP 3-19, Xma BIRLTFIERKALEAE H & BEAL I g 4 BAD S (R K AL LA R 1Y
FIRIE H AR S E 2 2 8] B8 2 3 I b BT AR R AR B 2 (Hamm et
al,,2003). EITKHHMMEGEN 5158, JATTUBNBREMCE, FRE
HE AL A B A L.
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Figure 3-19 Intertidal shoreline
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Figure 3-20 Section Settings
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3.1 REMBPIRESNE SRR

AT SR DEMERRI G R BV, BA19 5T 2016 9 A
10 H. 2016 % 10 A 10 #4T 7 BRVIRYIFE . £, FE. ikt
WEBT 9 &RAEWTE (B 2-1), 8 RTK GPS & EEMER PR IR FREAL B FiFr—
B, GEAWESS B EM. . R ARAE S R RREERE &R A
#, BEE 3~5 cm MREVIRMRAFERLE, MEEELRZHTUE.

EENLAES, FRIUEED R AITAKENR. B ERES, 2B
AT T 24 h, BETEMTFAHMERR, XA SFY-D FHESHALHHHE
G R AGH AT RLEE 7347

R BRSO K/, B H O ERFRE:

& = —log,D/ (log,2) (X 3-4)
Hh D AUBRYRIBRER, 8408 mm. RI\EET-KEAR (Folk and

Ward, 1957) 1HEEBIBEFHRE (M), ik EE (8). WA (Sk) fig
Ij‘LE (Kg)y i_'_ﬁ/L\\ﬁjE‘J:

_ (P16+P50+Pg4)

M, - (= 3-5)
§ = Pgs—P16 + Pg5—Ps (3£ 3-6)
4 6.6
s - Sttt setette gy,
o5~ (R 3-8

9 244 (Py5—dys)
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KA OEFE R, NAC/4BRRIHITIHE. SHNESHNSRHIER
®o

£ 3-1 REESHAESFHR (Folk and ward, 1957)
Table 3-1 Particle size parameters and their hierarchical descriptions (Folk and
ward, 1957)
Tk R Stk fmASE 5E Mk e 2518 5E PR

<0.35 SFEIREF -1.00~-0.30 R S <0.67 REF
0.35~0.50 ipriyiy -0.30~-0.10 ikl 0.67~0.90 A
0.50~1.00 gipriaik -0.10~0.10 IERFFR 0.90~1.11 %
1.00~2.00 ik BE 0.10~0.30 1E1R 1.11~1.50 BR

2.00~4.00 ik E 0.30~1.00 2 IE R 1.50~3.00 BAER

>4.00 SikERRE - - >3.00 wER
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Figure 4-1 Topography of Dongsha beach on September 16, 2016
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Figure 4-2 Topography of Dongsha beach on September 17, 2016
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Figure 4-6 Topography of Dongsha beach on September 21, 2016
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W ER B A AR, BB T . 2016 £ 9 A 18 HAF X HEA 7 RB“ SR
f-L&REX, WE 4-9 (b) Fiw, EBSHEAREIRM, 15 MEHE A
Y B H-22.03 m¥/m, DA FIRAEREBE M ELRMRMNE, TIRAE
R RMARER . 2016 F9 A 19H, X “T¥&” J)5, HEEXZTEM
(72 E 3, BT AR L BRI FMEN-73.75 m*/m, P ERERMEEHILE
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Figure 4-9 Single-width volume change of various sections during storms
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(1) U R B

W2 “DER7 SREEME LI AERE GBI 1~5) &5 8 REaRLl
EHIEEBEKIKN-120.5m*/m. -108.3 m*/m. -98.9m*/m. -79.9 m*/m. -39.7 m*/m
(R 4-1), HUATR, BAEFEEMBEZHET, SEFERN (ZIEARFH
fir B 12 hFERE B 55 (Aagaard et al., 2005; Puigetal.,2016)) T HWIR A A —F.
MEANEITEIHIR S AR E (B 4-10), BREIE 1 LASh, 08 Al mg B i AR 4k
FERWAZFFIEFE LEZEM, IR . R, S5mKEm
WA E, Heb, HIE 1 R2mERN R E I B s A% H A s .

41 NREAEMERAHRRRUE
Table 4-1 Single-width volumetric change of each section after storms

AT E (m¥/m)

hva
A B YR PR

1 -120.5 -108.5
2 -108.3 -76.7
3 -98.9 -38.3
4 -79.9 2.1
5 -39.7 -46.6
6 -85.7 -101.9
7 -90.4 -116.1
8 983 99.7
9 -45.58 -53.77
10 -79.25 423
11 -69.04 -10.74
12 -118.84 -36.25
13 -39.81 217
14 29.58 21.6
15 2.43 -46.3

FiE -73.75 -54.56
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Figure 4-10 Sections of the upper shadow zone
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R8T 5 LU AR B PR IR K (R 4-2), REATHN 1/69, 56
—XRE “DER” TFTN1/99, FERRARE “EBE” SENERNR 1/103,
KRG &LIEEEYEMTEN#E,
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Table 4-2 Slope of each section of the beach before and after the storm

B
I T
T B IRAEG BIRRNERSE
1 1765 1/75 1/97
2 1/69 1/97 1/101
3 1/64 1/109 1/125
4 1/67 1/105 1/97
5 1/69 1/116 1/97
6 1/67 1/94 1/104
7 1/61 1/95 17103
8 1/57 1/85 1/118
9 1/53 1/85 1/101
10 1/60 1/70 1/93
11 1/64 1/82 1/106
12 1/64 1/82 1/112
13 1/64 1/61 1/111
14 1/60 1/81 1/105
15 1/84 1/104 1/108
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Figure 4-12 Sections of the lower shadow zone
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Figure 4-13 Changes in the position of the intertidal shoreline before and after storms

HEMEMET 0 FE R RADEMER SN BB —, #EMIREFEEFHTH
e IE 2w MO EAL I METH B BE AR AL A L Mg M3 F SRR MR E (2
H#E5E, 2000; Williamsetal,, 1992). ATHAGE, &L LUHEMEERL N T it
SR KA (BRI LM FH o Eas L.

M1 4-3 AR, FECE KB R B BAORE T, LI BB TR,
TURfIERBIRZ, BLRBR/N. RBRAER, HWMHFLME %A 113.06 m,
FE—RNBREREMETEEAN 9831 m, FRREREFEENNE N
102.15m. MPIIRRBERERNZUREE LF, B -XKRBREREER L
K, ZEREBBIERBEIRE, B8 KR BHREM T EHE KRR, HE
FERBNT B

52



2018 F R R RFM L F A3 R T S 5 DXL ) W 7 AR ALE

& 4-3 RBHE MR ERN

Table 4-3 Changes in beach width during storms

BAERAE (m)
HITH

09/16 09/17 09/18 09/19 09/20 09/21 10/04 10/05
1 156.00 148.77 141.92 131.90 153.53 161.04 134.31 137.94
2 145.13 149.71 132.64 123.47 151.43 150.41 129.79 136.05
3 127.84 134.14 125.04 108.05 134.61 128.14 120.18 122.09
4 117.02 119.10 116.29 101.03 125.06 120.61 117.43 113.97
5 107.67 111.23 106.81 99.73 116.88 111.30 98.36 106.95
6 105.33 105.10 94.71 88.18 99.73 103.25 84.94 93.39

7 110.52 110.60  103.39 92.44 107.62  104.11 87.31 90.66
8 113.76 114.14  109.29 94.10 10540 102.86 93.81 95.22
9 107.33 104.70  112.21 98.22 108.13  106.76 96.58 101.78
10 102.36 98.04 89.89 86.52 97.46 102.67 93.90 93.28
11 100.74  103.02 96.16 86.94 111.70 94.62 98.60 98.80
12 100.64  106.29 95.41 76.87 101.57  100.47 93.39 87.66
13 93.50 101.48 95.69 85.53 91.26 95.11 89.16 87.07
14 94.81 101.18 92.30 88.90 86.97 95.32 90.49 88.02
15 113.22 116.13 118.03 112.74 10734 117.26 103.96 104.44

¥E 113.06 11491 108.65 98.31 11325 11293  102.15 103.82
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4.2 FERETURR M 5 e 4 X 2R A i) R
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A 4-15~4-20 i, RBHIKRAE, EHRMBEHBRAETHERZWL, #Fa
WHIELTAEE. Cl. C2 BEKLFESWME GEMREEE) £REINERM
LEMMEE BEEERE AR HE, E —XRREEME L HR T KERM
RREAIMBRE, MAHEEFE %, BETAEK: FRAREMEEE—
KR ERERERAL, (EHEE _ERRRA AR (& 4-15~E 4-16). KEH] C3.
C4. CS BBLBEHEMMEELLTHENRAHE, £ —RKXAREINRABAIEK
BAPENE (CSIRATHRAHBRAREE), BMEETHEERTHEE: &
TR G R B HIL T BRI KB . C6 AR s AL H M X2
IR A EERPEFIREERITL, £—RRBEMHEHI T RENATRERA
PARD ERHBRIRRA . B - RXSEEMEHERENA, HBNRaEE.

EMERA T RES KRB 2IUH LT RAE: W& BF, KREBE MR
A, BRI A EA AR, FREHMRATESRER SRS . £
WM L, BREAERBRHEBENRAEAR, KRERTEHE 2 I LA
BALBRE. EiExgs.
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Bl 4-15 C1 $ZE L REATE snap BB (a AREAT, b AXRE “B¥R" /5, ¢
ARRE “EBE” f&: AT HIXBARAT)
Figure 4-15 Snap images before and after storms of camera C1 (a is the image before
the two storm, b is the image after the storm “Malakas”, ¢ represents the image after

the storm “Chaba”; the area in the red line is the gravel belt)
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& 4-16 C2 H1& KL X B A /5 snap EE

Figure 4-16 Snap images before and after storms of camera C2
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i 4-17 C3 15 kAR ATF snap ElE

Figure 4-17 Snap images before and after storms of camera C3
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4-18 C4 1%k X Z A /5 snap EE

Figure 4-18 Snap images before and after storms of camera C4
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Bl 4-19 C5 &R LK E A G snap BIE

Figure 4-19 Snap images before and after storms of camera C5
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Figure 4-20 Snap images before and after storms of camera C6
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4.2.2 BMEREITRIRLEFFIEXT K2R 806 B

TR IR A T S TR FKB) 1 %A 56, TIRB IR A8 F 51 &K
PRI RAE, B, xHEMERETTIRYRL R AE 23t 4T 43 4 7T LASE 7 sth 3
BEMET R R B ER I « A 0BT XT M2 AT L X E S MR BIE 1T &
¥, BHEUTER (B4-21, R4-4):

R 4-4 R GEEAREALITIRYHEHI S BST
Table 4-4 Distribution of components in sediments in different parts of the beach

before and after storms

Bk (%) B (%) wE (%) L (%

KA E
RZEH REBE RXBH XBE XEiT KBE KRBl REHE

JbEEHE  0.02 50.86 99.98  49.14 0 0 0 0
ek 035 1824  99.65 81.76 0 0 0 0
JLEEHE 0.29 28.15  99.71  71.85 0 0 0 0
hEREME 2605 5028  73.95  49.72 0 0 0 0
hES 0 18.56 100  81.44 0 0 0 0
PERIEME 024 0 99.76  54.06 0 45.94 0 0
MEEE 071 1.04 9928  98.96 0.01 0 0 0
EEsH® 021 058 9979  99.42 0 0 0 0
7 AR R HE 0 0 100 99.97 0 0.03 0 0

(1) EBARETIRME A )
BRI X B R BN AA . PR AER, EARNE (THE
K NRFEBNAFESRIGHFAE) THRMPREHA > EEHERIRN,

61



2018 Fr FUNF I LA T T 5 X 1 ) B AR AE

MEE EE, RERTMARVEMRARMKAE S TE AV D8R, TRBRE
B EE . BRTIRYMEAS & BEMA LS AEURIS: RBATREE
FERMEAL B ML, KB JE R AN B SR MR P I S5 KRB
RO A SBRERAHE, MARETHRIRMNBAES SERRRN;
R S g PR BRI TR M 1 & B 45.94%, T HoAth 2 B A LA A i o
ERXRBAEHILF AN . BERETIRYE A0 5 BEYN R LS REUR
A RBREMEILI. FHMEHNSHSEMU, REEILHEMH A
EERS. BREENE, XNENGEENIEAHESHr SBRURA, W
MR R TTR M A 2 A 2O A B 1AL

(2) HERZRFIRE

BB RS S5 1 R R AE TURR DAL BE AR AL 16 B8 B A, ISR HARLE A
MEEES, RBTIRNRNTFEs6, BARE LR (EFMMAKRE,
1994) ., EERERTRNMERNFHRAENPERRZ S HN146 oF11.49 ¢, HEE
RSB MEMRN PR EMPERZS A N1.3 0F11.87 9, REFEMEUIR
YFRANPENEEREE, REREWRHBAKRETH, AR5 RE
&, RBLKTRYREEM, PRRZ, KMENKAERM, BHH 8RS
REBENHEE; NAMLEE, RETH R EMNAES AR —, ERERITRYN
Wz AR /N, TREREILEM PRk 2 X FrEE.

(3) 4riftt

TIR B 3 P BRI S04, T2 STTIRERR VIR . 4L
REZ RV R REOR0.59, EEXRERTFIHTIEREON.29, TR
Y ERERELE. R b, RBEFESERESRRIEMERLT, M
Rz, BMRSEERE. EAR L, REREMN, BEIRYNSEEEER
AK: RBRER, BRENIEHNPHSERE, TBMEERSIEHENET. 7
S S T ITRAB 2 A BRI RIS B, TR AN, 4% RECR/,
ik (E4-22).
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(4) AT

AT T MRAE S AR AR TEMITR N RS BE LR
BN RFREPIRES (RSIEEFE-0.5~02 1), HHR 3 A2 AT MR i B
Ry A 85 R BRI WS A MEANHE (RSEESDE-2~
0.5Z[8]), UMM MR/ EMASS, HpdtiHMmbiEAEE, MBK
HEENME 55 TEMMN . REBAIREKZRSRAL, KE/G RS2 E
o R —k.

e 25 I SR TR ER B 2R R BB B R . EIEAE A, WA TTRYE L
MRIFEERBE ST RESUE, & RIE SR SRR E. KERTHERETTIRYR
WESEEPES~ZIE, BIAREBCER BT FRIES, KRG TIRY &
SEEPEI2ZE, EETR. MBAYRESERZ LSRRI KE
ESFERSBRAHE: RBFILHAFIMETIIRYIESEE, FMIMMESEN
AKX EMFA LR R URIA: RBRTE - RN IS E BB —;
A2 EUTRIZ R MR, SEMGMERRYIESTUEE, [RMERIESEN
I,

KR AL S ST LA R I, KR M 52 E R i B BT
PRI AR B R E, MRS G HARMAE, IR 2
I BRI AR R E BRRE
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Figure 4-21 Changes of sediment characteristics before and after storm
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Figure 4-22 The correlation between the average particle size and the sorting

coefficient
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5.1 EERRIER THMENEZLHREE R4

5HARFRE G MEAR L (GR 5-1), ZRYDIEWERTH A AR () K2 “ )
7 FRRE CEBE” MNEREENRIZ. EiTx EEATR A MR E— R
FMMNAR, BT RXEHNEHEEMEX 9916 56 RMAFMR ., T #gH
A TR &R IR HKIARRMRRL, X5 B M A B BT 25 R Hg R L /Y
KA —AEEZWEAER. AR, BRSNS RIS A R XS R0 R 1~
AR, REFFTFRIDEEENSRE “SER” RE “BE” fIARMN SR H
UESE T IR — A, X UL X B B SRR | BR AR SR 4R AR LU Bl IO AT SR IR IR S B AL
R 7 REEMERR A S — PN EERER . MRS FIAN LT
RKEET, BFARUBR - NMEBRKEEER. o, BRI RERE
W BEERIE, ANIXTHEFERAE D E GRS R ISR R MK,
ANBEFTERAZ TR/ B, TEHRIMTEZENERE ZFEER CF
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ESERERER T R LR EmaE &S

& 5-1 5 HMBF R X R MR LR

Table 5-1 Comparison with other study areas of erosion

EF 25 ¥ BRRE = B CHR
(m*m)

I NN 22 183.4 8616 5 BRT%, 1995
ITREREM 85.2 8616 5 Brr%, 1995
AR iR 40~130 9914 5 BEE, 2002
[tk 553 A £, 2004
B B BT g 78.4 3R BB, 2006
B H & TR 64.49 Pl £ES, 2006
WL 5 1L B 49.6 e BEHIEE, 2014
¥ [H Slapton #Ff 40 SR EL TR S Alegria et al., 2010
% [E Delaware J7§H 14.68 +HMAFERRE Roberts et al., 2013
% E Truc vert ¥ 25 K [E] R 5 KR Coco et al., 2014

EE K B i 36.3 F&X, Sandy  Nelson and Hapke et al., 2015

FHAENEE 98.2 KR &5 &R, HEE, 2016
BEBAR=ZEER 41 BT ERE, 2017
F LR 73.75 g+ A3
FHLRY R 54.56 B AL

511 BEEFEXR

RPigm R R BB IR R, T EEME, —EXHT, §RIRKR
§5A R Hh SR R SR ZUFE FE B ME— R E R R, 5 B M AR S M T R E AR
(385, 2008). RYEMFELKMEER SSW-NNE, 5HEREETTH KX
REZERTERNKE SEE. ZAPDEREOHRARRE, e AsE HiE

Hie, X ERARE IR H SRR R K.

B 5-1 T, RIVEEMNSERNER SREFREEEERZT, REUKRY
BIEMRILIBSTERS. NKIRE, RVBERLTRESEEZD, BT
SEPMRETER S TETE SHREN, BENUIARRESFERS/D, BIREH
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Figure 5-1 Parabola simulation results at Dongsha Beach
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TR N T TR, I AR AR R E ., BhAh, IRG MR R
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55 L BT A A B K B E RV 2 R AE X, IR AU 2 A R BT E 5 2003),
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FF 52 DX BT I 3877 A B 7K BRI, 7K S5 8 v 5 79 g T PO b R SR S SE A
HE.

W-FE BT RN R & AR E MR R, 2016 4 9 AGHL
IR T RS RS (B 5-2), KB “G¥R7 mlriLiiE
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BIKMSMESERSHEINE (EREHER, 2016), EXATRERRNE
“TER” EABRTREBEMERZ—,
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Figure 5-2 The mean sea level of Zhejiang Province(quoted from 2016 China Sea

Level Bulletin)
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Figure 5-3 Drainage outlets on Dongsha beach (under normal condition)
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Figure 5-4 Photo of the camera C4 on September 29, 2016
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M, RAMEREZM: NF EE, RIRAKNERFERSERERYDKIENE, BT
I £ E R BT R R, HERBMN LIRAERBRZ K NN EE.

(4) BRA . B RFIRMERRIRA A RHS &8N 2 EEES
ISR AE & 5, KB A (B] 33K Bl J) AE 4RkL Je v [l Mg iz . R B A
TE T B, YU — R 512540 51 AR METHT $h 35 CUnBRAa 77 A 285 ) AUAR R B 4L

(5) RS OHEMARRE, EIuERASMESIER, XEFKRERIRY
HingrE g X, KR EERE TR K xR 58 8l LA K& 5
HABRN, &z, RBHREEREDRARZERAEBRING . FIRXERAE
6 R[] 25 9 B A AF 0 X B A 4= A 48 /K B KU TeD , 7KL I S 38 v {18 g e 1 T
PP IRBRINEMA R, BFELANERREESME SRR ERNEREE .
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FIERE

7.1 FFERYEIRE

SR AEGITER 2014 SRR XER “IREF] 7 B (FRTEE, 2018)
FALL (R 5-2), 12 Argus PSR Ml 2R 40 8% 5%t O R AN AT LA 0 XA
A ST R AR AL, JE AT DA S UV M MR R R BN R A0 L . RAM
RAPEETTUBRBEINER “S¥F7 SRR @8 RAEHEE RN
B MR B SR A SR B, B X SRR 7T DA XU A 30 ) M 1
PRI FE

B, BXBIFF, RAFELT EE:

(1) FEMKERK, B Argus I35 BHT B ST AL R & BR % 0 ik
KRB ERERBRESTUS . FIHERREXE 14.5cm, XMHEERBH
RMFERERTTR, EWRETER TF# &0 TR/ RIER.

(OBEMPIRER 5 LFRIIRFE — IR E, HERH/KLLRENITE,
BT FETRETHESERE;

(3) MBI REMEHARRIERKKETE B, ERNELERE—
ERIRE. RS, B-RRBERERE, REFHKE—RKRBEME ZRXE
BRI ZESR .

(4) FWITEERZEN TRMEEZICRRNIITER EEHN, B
SR EN R KRR RIRARN, BREZERNERERN TR EEIT.
R 5-2 PN T VR TE AR YD v ) LA X L
Table 5-2 The application of two methods on Dongsha Beach

¥l GPS RTK Argus FLAEME iz
i [Tk 12 15
W BTN 6 x
G AR KBRS RBEANLE
RBRER SR X2 wmEM. HEER
FHREFRIRRNE -6.12 m¥/m -73.75 m*m. -54.56 m¥m

AR ~0.8 cm ~14.5 cm
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7.2 RKWWRRE

(1) BB REE_ERBE, % Argus RGUE R EBOE . PraRBE g Bk,
AW RBAT T RARBHAMT . A T EINvE it R R v MR 30 ) Hu 5
HALRE, EESEMAY, HRIFIH Argus BIGEIE#TRYDEREFERMZT
SRR R R I T

(2) WNTRRE R, ASTRMNOERBFFIA 7ML, m
BADKTHRERE, BR, XTEEHMRRIEHEEAN RGXS KRR T NFFE.
R, RSB A, vHRIFI A Argus BIGBIEBEATIE K T U RIS KT A,
CUSE 2T T AR AR VDM A (D MR D2 AR ALE

(3) AERERANMERELRREN TRWERELNEE, TRIERA
AEERL L, W BRI REAVBIRNR N, BT & E R BRI TR
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