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Field Observation of Morphological Response to Storm Waves and Sensitivity
Analysis of XBeach Model at Beach and Crescentic Bar
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St AT FAEHNIL S Fto] %*ﬁi} EAo] WMEE = Ee BT ANkl Sk $E7) hAyst
AThEF 2m). o]} T2 AEFHA FFuFoE st A Fwislel 7t iT(NE E AR oHlES] 4gks melshr]
8l FE AP aiHle] Fa) mojo] da] AMEE XBeachS AREEIITE AR XBeach $AIROE Sl HA
Aerzd AT 3ol ule} Alerido] AAEglon, o2 RE] REE A AL ghe FA Rl FEsIsiT)
e Qo ® AR TR, A Yl EF APE A5 A Akms)t HA9] Alg ghs EEsh Ay, sliokd Rt
o] 2 9l ¥z wEIR(BSS =0.77(34 ©ha), 0.87@E A chH )} siekdyl sFeldt Aok AlFEY] dAS TR e
2 RISt 7F g3 Hdl Al T Al X 2ol WA BHE olF WE 9 XAzt E4A9, QAL
ko] o3 ALl Aol et JIe vX= Zo® Rt BEeh, fojukan A7) ohde} 1ukeke] )&%
AlRE B BAE olse] wodt @Qlow vkt Hrt '5?]‘“} wds A3 Ui gk (inner surfzone)2] <3
sh 3 At Ale] wERe] FEEE 94| 5 fleiMe MR B Rgo] Hadhe At

A0 EE F2, 59 AT, A B, ook AR

Abstract : Crescentic sand bar in the coastal zone of eastern Korea is a common morphological feature and the
rhythmic patterns exist constantly except for high wave energy events. However, four consecutive typhoons that
directly and indirectly affected the East Sea of Korea from September to October in 2019 impacted the formation
of longshore uniform sand bar and overall shoreline retreats (approx. 2 m) although repetitive erosion and accre-
tion patterns exist near the shoreline. Widely used XBeach to predict storm erosions in the beach is utilized to
investigate the morphological response to a series of storms and each storm impact (NE-E wave incidence). Sev-
eral calibration processes for improved XBeach modeling are conducted by recently reported calibration methods
and the optimal calibration set obtained is applied to the numerical simulation. Using observed wave, tide, and pre
& post-storm bathymetries data with optimal calibration set for XBeach input, XBeach successfully reproduces
erosion and accretion patterns near MSL (BSS = 0.77 (Erosion profile), 0.87 (Accretion profile)) and observed the
formation of the longshore uniform sandbar. As a result of analysis of simulated total sediment transport vectors
and bed level changes at each storm peak Hs, the incident wave direction contributes considerable impact to the
behavior of crescentic sandbar. Moreover, not only the wave height but also storm duration affects the magnitude
of the sediment transport. However, model results suggest that additional calibration processes are needed to pre-
dict the exact crest position of bar and bed level changes across the inner surfzone.

Keywords : storm erosion, crescentic sandbar, numerical simulation, longshore uniform bar
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Fallke] tiatd Ll (nearshore) A8 5421 3 A=
SlIQF Bk o2t A MAIR o2 Fxeta glow, 747} o}
£ A& & (straight, pocket beach) 541 4! FX(tidal range,
0~4.5 m)2] A]-37H2] 2~AIYE 7FtH(van Enckevort et al.,
2004). AldF-e] Mk} Fslstal 2x1e] 9 E54dE
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Q1 aupow Qg o] A FWste}l 5 ATE A
A5 542 YERY AL Qlth(Athanasiou, 2017).
o7 3Y AlE 9 olluA] A E9E SIS
o] PO R HE HE 3= I (Van de Lageweg et
al,, 2013)7 &3 A2] AP A Wgide] 7118k dRl =3
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Castelle et al., 2010). 3FA oA 52 dFS F12A]
7= vhar, 9 9 AP 50 vheke eAaso] e &
ZstA #-g-star A2 54o] Zshr]
AT 9 I= sk snhAzke] Yest didqtgo] ofHot. ot
AR, g3k o] A o7 2| &4]]]

i ol

~—

R}
NN
r K

= e

AN

R
o X r
=

oo o2
1

5=
B

N
°
TN
filo
o)
i
N
jall
1
o
:Oé
M
1%
_O|L
N
>
rlr
o fol

i
ol

Razak et al., 2014; Smit et al., 2010)7} &3] Y& 11
At

A7)0k =2 28 XBeach(Roelvink et al., 2009)= ©7],
B FFAPIAl Befelnle] rejshA] W A3 WelE Ko
st71 S8l ke IR Po R 42K SNl (Dissipative
Beach)oll A 2] =3] Eolo] 2488 Fof 7AE| A, JkAL
& 3|4l (Reflecitve Beach) & "9} sz} -2 =718 il
(Intermediate Beach)®] 5.9] &87}s/d T3t tofst A+&
3l 171 2 H(Orzech et al., 2011; Pender and Karunarathna,
2013; Razak et al., 2014; Vousdoukas et al., 2012; Chang
et al., 2017; Son et al.,, 2017). Orzech et al.(2011)2] <A
o= XBeach X 2% Ay} vt e RUEY #5AE
ko] vwE T3, B2 1.6 mo] 3L At E O = FjQbAle
271072 YAk vhgo] AujERl el 53 Alegl
4 Megacusp®] $IXI& Hellad, 7] A2, sart
SNl ATS Fhi= Ao R B HUh kAT 23 A}
T7F F e Ak EAbel & S v a2y
APAO R QAR ThE QIsh e a1EEA] ¢kt Razak
et al.(2014) Ao A= XBeach 2 El-S E3f 28 sfjwl %
oA AgAT-e] ASAEEFH dolxl A} FAFSHA

HAzpo] F-2] iRl =3 9 el el whE il e
Z7(Wright and Short, 1984)2 A 34 07 B9 a3 A7k
o o7 wAslE XYPAFE Bl QLo 7 AMSs
SHA| S 712t} Chang et al.(2017)2] AA-oll4 = XBeachs
Fall AT FEEAA wEE Sl 4 sl %
FIel tigk A FWstE 1o iR, 2] JEgte
Z AR 7 AR B35 A9k AA| ZF0io] AR A
719ke] 7HAo] A FZFuk -5 IS AAnTF Al &
of A Ko Asoll thet A5o] F-=3}T}. Son et al.(2017)
3} Do and Y00(2020)2] AT-ollA w7 A2, ZbzF 53 A}
T7F FEHAA g FEliqh AR s S-2vkete] o
¥4 7= 8l (embayed beach)Q! a2l dHo Y F
>3] gk X F W3S XBeachE E3l 535159 Son
et al.2017) A= #3950 = A3 longshore uniform
bar®] S & A3} S, Do and Yo0o(2020) 114
© A= To] Ak v sl 7] 23] B
AT Tl whel A &Rist Rkgo] delA = As #5A|
o} fFrAFHAl Bt ot 7 74| ATtellA] ZlgsE =] 1
o BT v ZFupgel mE g aFito] aielE it

3 A7=9] ASAEEA D Y AlgellM e A EY
Aib= ot B aE A, o)A 0w B Apn Y

HE9 & ARSSte] ARH O ER, 2 Al
= £ A 9 &8ate] A5H ZF 5
oMe] &3 Al W} 17 QIS Sk FEe] wh
S A o]E 913l 20194 92, 102 Wlsfof &
Ao R P + 4719 HFNo.13 Lingling, No.17
Tapah, No.18 Mitag, No.19 Hagibis) -3 54 #Z2 A]
YRR 2017 3YFE] oF 3470 LRt =4 ARme} v]a
Askelct. s, Wik S ] Al A 9 glE Al g5 lE
¥} A} o] F 7RO AFMIES A $18l 2013 1€
B oF 67t I5% 5 St AIRFE T ARSE LT v
o g 3 WA 79 gk Akg s} v A A SEAE

[e]

= XBeach ALY YHARRE ARSI 5 AV Al <}
APl 9O R QIg 59 Alte) Rbeh T Q19 siql
A o] A -E A Ads A Bl

2 97 X|% U BEXIE

2.1 CH{ Akl

2 ATelME AAS1ARI ko] AlstalolHA] &3 At
ek I w AFA] W S S dido R | 95 E
A RAy AFE s W dHS 5O R RE Pt
ok 41.6%= 71217 F(quasi) A /Y FFoE H&
LA FE v sHFe] YEAt Afolell f1A]ske] FhA)
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Fig. 1. Maengbang beach with crescentic bar and observation points, W1 and WINK (from Google Earth).
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Fig. 2. Left: Significant wave height, peak period, peak direction (based on shore normal direction), and alongshore component of the wave
energy flux at WINK (AWAC, Fig. 1) during Nov, 2013~Sep, 2019, Right upper panel: Wave rose (Apr~Sep), Right lower panel:
Wave rose (Oct~Mar) with a red arrow that indicates average shore normal direction (41.6°).



= jepol W Sl 55 A 2|9

A (AWAC whHet A= 95 315 Ak5 Al A 2 B(WINK)
ol #5(Fig. 1) € WY A= Fojuar, Fr], A
3F, 2] vlaF(alongshore) 3 oL x| &2~ (Van de Lageweg
et al, 2013) ¥ dhed Aw) = FA A AnkE 02 Sf9kal 2
Z}yo 2 QASIA|RE A2 © 2 SHA|(NE-E, lower wave energy)
9} EA(N-NE, higher wave energy)2 5742 X.91t}(Fig.
2). 3 W RO s ouA) Feao] gt g9 g 4
7L NW H]—?S]:J,]_ SE Hhsk_J oﬂqx] = EJ/\_J _Or/q] @E% 14_
ERle] SIANE-E 7190) % SAI(N-NE 7190) Q14 3
g1 3710l weh §A1R 3719} wake AR ) v
5l share] 2719 AAS NW W) QISHEAEH), SE
H}gko] Lo‘_}4/\}(£74])7]. HHE 3 5= Ald A E4 (Cho
and Kim, 2019y 7AW {FZQ1 BlF 0% ke ARl
2 SPehs 10kl 8 8 ek oA FE AR QI A
Qb FAbel] W ks n|HZ o E AR HT
2019 H“ﬁﬂ BE 2971 & pefuetel A A ow o
FE 3l B2 TR 2 3 sl 20199 94, 10
2 Ao A2 v 09 HE R QIS 9 5
| 3Ho}/\1 /‘70 1:ﬂ—t>‘]:(41 60) 7= %# /\]./Hgi O‘J/\].
she 2ot Jrja o $40= YAksH EERY 2
7HA & -8 5 9AtK(Table 1, Fig. 3). 2019\ 9 Ej¥
Lingling?} Tapah?} -¢-2jubet A, alist s WisFsisls
w E, ENE #A22] stgfo] JAskSlaL, 108 BiS Mitag}

W3} ¥ 7= 4 XBeach B2 771 E 4 449

Hagibis7} -7-2vhet Faliet 2 o2 55 slisk 5 W
gk A] NE, ENE A2 9] slgto] A|uljz] o = vihtaliol 3
]ﬁ‘ﬂr B Lingling 57 #2719t 940 hpa, 2] 3

L)

F4 47 m/s(KMA, 3 7183 713)02 AlE 7
eutel Msielel 9L Fglort Hshdow WY
5 918l Fig 19 W1 < HeNe] Hr) 4] shart=

AFF71 7.19%, 1 m o)732] &) vhar AEA11¢ 12/\]7 o
2 HlaA w2 v s 7R shgo) Qiakelglt). Bl Tapah
Z7FUGE A Hdl folstas 452 m, FFF71 10.19%,
2m o FrofFaL AEARE 48Rk o = 1O VIRE 5 TH
=2 Azt Akl o BlE Mitago] W52 A F Tl
o 9kil= 3.76 m, 7771 1073, 2 m o1 fro]uka )
LA ZF TIA PO R 71 A A 7RS 7EAL et ol 42718 v
gke] ko] §laksllth. Bl Hagibis®] 784 U 55

slek -2E Ui SHAARE A5 vk A7lel njel o

T
el
=

2m,

O

Ul FFE& 573k SSHS(Saffir-Simpson Hurricane Scale)
& 557 9 e D70] ok 1400 kmell Eah= 273

S(KMA, 3= 717%) o= dhile Fafqh =3k &= vl
At Hagibis7} 5 @A Aol F-2)9kal= 4.24 m, 37
F7] 10.54%, 2 m ©)% 2] 3kaL A EAZE oF 67472
NE-ENE A9 a13}go] 9-Alekgivt. B3t 4709] EfjF A7
ol B W AL v eluA F¥ A 24 P (Fig. 2) ©]
23 d&A Q] ZEnle}to 7 Q) W oFo] B3k ¢QliA}

e L

Table 1. Typhoons that impact to maengbang beach during Sep~Oct in 2019 and characteristics at each storm peak Hs

Characteristics at each storm peak Hs

Typhoon Name

Duration (hours)

Date Hs (m) Tp (s) Dp (deg.N) Water level (DL, m)
Lingling (No. 13) 2019-09-07 14:00 1.72 7.19 98.34 (E) 0.43 12 (Hs> 1 m)
Tapah (No. 17) 2019-09-23 08:00 4.52 10.19 69.06 (ENE) 0.14 49 Hs>2m)
Mitag (No. 18) 2019-10-05 12:00 3.76 10.70 42.13 (NE) 0.34 77 (Hs 22 m)
Hagibis (No. 19) 2019-10-12 22:00 424 10.54 53.44 (NE-ENE) 0.05 67 (Hs =2 m)
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Fig. 3. Left: Significant wave height, peak period at W1 and WINK (AWAC, Fig. 1), and peak direction at W1 included four series of
typhoons (Lingling, Tapah, Mitag, Hagibis), Right: Tracks of four typhoons.
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7} WhA s 71 o 7 AL g E T (Fig. 4d). 3= 2 ~4i7k= ‘5&7&4 APAA] 3k 542 W
&3 AR ke 9 5 Ale] A2 WsAo] A

2.3 SAR= a17] wlizell, W S o] 53 Ae] AT 1% Q1 &)
S8l S A 532 RTK-GNSSSE 3178 GNSS, W1 WHe-9] a3t o5& Sjeiadis I, <igk BAF 2 &
4158247 (AquaRuler 2008, MIDAS)7F A2Hel AR 2817 7]Ql TALo| % wal vEdjok sk Rl o2 sukE),

2 g0 om Ak 215 MSL(-) 25 mE s 9]

7154 MSL(+) 6 m7HA] AR AT, 2017 395-E] 2019 3. XBeach x| 28 QladX|=2 AU H2HA

g 124 7]}—X] ok 347H 2 Zo} x]sﬂg 22134-4 _,_/E % @J,]_

MSL(- ) 10m 258] A= A9 doubA] garor 3.1 XBeach £X|23 Q&K=

= EHO] & 1 % (depth of closure)> =3 MSL(-) 10 m XBeach 222 elF7} 722 w3 Ale] A G o5
<ol FAE Aom st A #573sqke] Hat 317] A3l & 3714 9] 4 (Stationary, Surfbeat, Non-hydrostatic

'/F J%_TL/\L 443 Fig. 4a8} 3Fo] 58 AbF7F 2154 0 mode)S 74|11 §lt}. o1& 71eks] Advgshd, Stationary mode

= e (Fig. 4oy = 20 AlREY 5 Al 91x9h A = g ¥y A Al 3k ol A W 2] (Deltares, 2018)

o] sk el X FE v HHEE= jeS Heltk 2019 < o] &3z AHOE ALt 7|7k wEA N, 3k Al 3

H 92-10¢ 4709 HE H2019¢ 8€ 299) F(2019 el A1 Ue AES daksks d sAlz)

109 30Y) =4#8 vlw A3} MSL(-) 3~MSL(-) 5m & Surfbeat mode:= ©]23F &S s3] sl w5142 A
Ao Ze7F MSL(-) 5~MSL(-) 7m% o] % ¥ & wo] 5 2 g U A Y AS A7) gk v)aAY A

Ao 2m 7 S7FsIl oM 7| RdTA 0% fAEd & WS Sl sfAlste] 2HtiellA e A eE W Rejolss
] Al Bl APY § Sk} 338 longshore uniform AUsHA Z2olst=d 8-S 7FA 1L 3t} Non-hydrostaic
sandbars 33 TH(Fig. 4b, d). ¥R) o2}, X &4 0= vt mode= 2] A Fuprof] il Bl R A W AS A
¥ 5 AR A @A 543 Avk il Eef A &5t Ao Rols W A PSS A 5 QIEE vl
O] HHFA Q1 AL B F AMY §- 4 AR dSE AT H A, TRl AARAIZEC 2 @15t A Hofl= 3

&
Elovation (m)

5

o - N
A2, (Moasurod)
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Fig. 4. (a) Maengbang beach with Crescentic bar and (b) longshore uniform bar due to series of storms (from Google Earth), (c) Mean Topog-
raphy, and (d) Elevation difference (AZ,) of measured and simulated bed level between Aug 29 and Oct 30 in 2019, which denotes
positive value (accretion) and negative value (erosion).
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Fig. 5. Curvilinear & non-equidistance grid for XBeach modelling (from Google Earth).

7F Sl Aow dEA Qith 2 AgellA= delA At
ko) Zho] 2019el] ALA 072 U5k el gl oJst A3
315 1o5b7] 98] Surfbeat ModeE AFE-3151.0H, 0] 5 ]
g ¥ 2312 vha3t 2ol AT

FA 2ee] ol wt AA RO E AWAC(Fig. 1, W1)
o] F-o)ukal(Hs), H571(Tp), ¥F3H(Dp) ¥ directional
spreading(s) AtRE ©]-8-3}%1 01 2%} JONSWAP ~FE
92 Agalo] B1F A set W, 9, A, 2eolE w
AFASS BoJeiit). T8ar, FEOE sk 9] A5t
M o® Qg sl WiES wEsh] g sl 579 21
& SEAl) Falg 29 BEs ARGINE 257-
022 AH8SI5ITh 2449 AR AR AR A &
& 919 3499 7P AAFig 9E Agsiom, 4%
4 37]}; oﬂo}/\% /\;d H]—?S]:oi _,_Ei ‘ﬂoﬂoﬂ/\i ok 7~12 m,
S e @ AN} 2 Bask At e

EH Ao 1.5~6.0 m= TAIEICH Skl Hay Wk
/\]-o]—ﬂ] Q JJFA]x]Oﬂ(ugHLsHB:])oﬂ}ﬂ‘:_ ok 18 m, ugtﬂ—

Eﬂtﬂ = gatsliRiel ] oF 38 mo] Azt S T =
T3k 0 F 210(cross-shore) x 306(alongshore) ZJ‘.XFE—
Tdstel W s (R 253 gtk s ks =)
B et sty AR AL HE A 5
P2 7S AL shel o ol x1;<1 ) —(SHO]-EEoﬂ 3k

o
=

JAES

=1 o

S RS 7‘%410] 0101‘/]'7\] qu' = z(non—erodlble layer)#
2 7

XBeachX 1.23.5527 versions A}%o}eigni Tx] 71]*&/\]7&
< £9°]7] MPI(openmpi)E AHE-3t0] 3671 =8 WH%)
A3ttt

32 ASEY MR

XBeach®} -2 ARt AW s} wdle ujigo] Hfup 9 1
gfolgoll st viAYFE olel e F-=How s threl A
Y215 7L e o]z Qlato] tire] BY s 2
E gtk 2%7] XBeach 71 Alel] Xﬂ"}% AT w
Zol 28t W54 (barrier island) &2 5
Holet. 2% Qlal, siWl st M= E]B‘H WFo Rl B
ol s} A FWsIE IF ek SAE 7 AL 3loH o=
aldsty] Sl vheret AR o] Ji Bl 48w it
(Do et al., 2018; Elsayed and Oumeraci, 2017; McCall et
al., 2010). Orzech et al.(2011)2] Aol A= H 2 <] wiziA
T S Slal AlFE de g AR Ak A el
OJEsh= YAl A3 2EQ H(Trial and error)S ARESFSICE.
T3k XBeach?] E 4= o] W29 equilibrium sediment
concentration?} ¥H1¥E 734 [Soulsby-Van Rijn 2] (Soulsby,
1997)7} Van Thiel-Van Rijn(van Rijn, 2007)]& H]w3}]
ARe] Ao] 53 Alg=9) dllot WM AR A] At
© AL #S5AEE EUE A9l De Vet.2014)
2] FElS- 5 A HAfef 7|HlEte] RElo] HE TS skAkA]
171 913 Eafjo] 22 gl whE A= W¥ (dilatancy),
FAF 2o wE 2y Ak JAEE O oSk (fallvelred),
A7l e Bl o]-s-2] Wk QFd/d Wt (bdslpeftdir,
bdslpeffiniyE 1128 = Q= A== A8sialon, o
o¥et 5 1l 4G Hstel] $A 20 PR HFIA
Passeri et al.(2018) AF-ol|A = ET oA 2] B o]F W

A3} o5 TS Fsl] Hlall AF o] SAdel wef wf

ZHAI(C, chezy coefficient)E 223t WS Fall T4

oL

r N



452 Y - =71
FHle) g pAstelen, v Algs Wiz E v
gAY AqelME AR o ARE AL Q= FAI0]

THDe Vet, 2014; Orzech et al., 2011).

FHtolls Bfjolsel AR A oR Gake vX= o WY
9 oo oS FEeE P77 HE Res 7R
= AR A=A o7 S35 1 QtkDaly et al., 2012;
Roelvink et al., 2018). ©]& 7+2Fs] A 3hH, XBeachX 4
Az doflA igte] HjukE o5k $18) ARS-ElR= roelvink93
23k W9 2] (Roelvink, 1993)2 2jutol] o] 3t wadol)#] A&
~H(dissipation)yS F3t7] 913l =12 go] Hukd &=
<= AT (gamma, p) #4774, FHaL v]E o] &sto] AH
Ao w2 A skelct. shA L, o]9f 2 WH 2 bar-trough
system¥} o] F25] F4lo] ST} Hi= A ellx AA 29t
o oJgt 24k W el niste] HAg 7= Ao Bl
glom, ol Hekelr] Q&) A=) iy 2 A
T} FAnlel wet Aok YA §-7E binary $EO.%2 A7ds)
3 T2510] 353 7 o] =& advective-deterministic St
Hwo] it W mdle] A gwo] whukel Fubidte] vhal
9} o]Z It Wl Fo] HFEE FIAIZTHDaly et al.,
2012). =3, T7)1Ad g ES 2ol8h] £138l XBeachell
A AR EE 22k 9H ofyA] WA SAR1 multi-dirdt 1
ERE 228 A7 A5 rgdlelxe] HeFo] £
st Bolsh= Aoz dHAHA, ol F sidst] 2,
stationary 2271 3fel] 3t 93RS WA 2P s & 1k W
A& ARESH= single-dir 5410] AFEE $tHRoelvink et al.,
2018). ©]i= kA A3t daly 2922} A AR2 o w2 Aot
o} @uto] sha W {58 U YeshA AR shs 2o
2 UERsTE webs] Al el dst AR AE EUlE 2
Aol A 8] A 2ol Al 22 oha 2 Zth(Fig. 6).

De vet.(2014)°|4 AF% dilitancy, fallvelred, bdslpeffdir,
bdslpeffini 417} Soulsby2]-& A-&-3to] ¥ A& o]l&< 7
Absl, WA single-dir?t multi-dir 78] 37 5} 2Fg2] 719
1o Aeg vlasisitt ol HA o A BA s 37
A8l AFAG gamma(y), FFY 7 (D50), vFE wREHAISE(C,
chezy coefficient) ZF7+2] w7HG GJ3S FA8H0 0, F-
A o2 AR o] A 2ol AR #017] £
3l morfac(morphological acceleration factor, A& ¥H3} 7}
%3} Al s A4S ATk AR-E TS #k
< A A w5 AHE FEl AEE A, A A}
AR ES 712 A kS ARESISITE. XBeach
x| 5.2 Az}e] w2 7= BSS(Brier Skill Score, 2)(1),
van Rijn et al., 2003)° 73k gke] H2lol wef 1.0-0.8
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(Poor), <0(Bad)Z -FA}. z, ., 2, 0 2, o= 22 FA &
o], %5, Z71H5H bed level 7= 2vlshy Az, &= IS5
¥ bed level®] @2H= SJv]sht & A-ollA= BSS AT A
AHEA] FUTE Al B Al BSSt= 2 ol|A] 9] Eo]

(e}
s

Comparison of each option (multi-dir and single-dir)
for wave action balance equation

L

Comparison of each breaker formulation -
(Daly and roelvink93) 1

1

1

| I

Calibration of D50, C (chezy coefficient), and y (gamma)
with morfac (morphological acceleration factor) sensitivity test
to reduce computational time

)

I Optimal parameter set

le==n

q Flow of calibration proccess [:> BSS evaluation

Fig. 6. Flow chart of calibration processes.
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Table 2. Settings of XBeach Parameters for calibration processes
Sum of total
>
Calibration ~ Simulation " &V CNer&Y Wave £ D50 C P BS$20.3
case time balance equation breaking (morfac)  (mm) (chzey (gamma) (total number

(Deltares, 2018) formula coefficient) & of profiles,

BSS >0.3)

1 63 days Single-dir 24.54 (38)

2 option Daly 40 27.58 (46)

3 (Orezch et al., 2011) 06 30.21 (57)

4 Roelvinkd3 o ' 13.34 (21)

0.4 Varying
> 63 days (Passeri et al., 2018) 30.10 G55)
(except for Multi-dir

6 40 36.49 (66

7 fs=0sm option 25 29.02 (57;
Daly 07 020D

8 1 38.87 (70)

9 0 0.65 40 6.16 (9)

10 0.4 0.65 31.63 (55)
3} % BSS @9l A= 3042 28] 24 Aotk o2 Bl dir 4% Daly A% A4S ALgelele ) A gus 5

=, Case 2~107H49] F8g+ AFRA oAM= 0.5 0142
b 21V 7] Boeof 11wt

WA Fig. 69 flow chart oAl et F714] 315 oy
g2l 54 (single-dir and multi-dir) 2 3} W 7F
(daly and roevink93)?] =X 50| A5 B33t} Single-
dir?} multi-dir 341 (Case 29} 3) A Al & BSS 2] x}o]
= 2.63°% 1]shy, single-dir AREA] 2|ty oA 2] | g
2 (longshore uniform bar A44)0] FA4E 7} == HdS 1
St} Daly A3} AFg 248 ARE-8191S w(Case 3) roelvink93
AHg 2 (Case 4)H.t} & BSS o] 16.87 712 roelvink93

2 2o JEdo]l g% Hold Ao

AR afA ol ] el 97 alell wht vhEAl (9]
s Alssl, seaward-ﬁmng)ﬁ}t 23} 2] A R dleA]
© 1Y YAz 7HYsitt. o]of] ARRARES oW FUYA
D50y 22 JEgro = ARgsh= Aol AFeA 5 At
of o] B 3ke 7RIt ole] thsh 7|2AtEE Alwe] %’4
3 2 Ao M o e upE mdlo] v
AT} Fig. 7 20193 7€ 209, vihlali o] S4F 12><4(A01~
LO01, MSL(#) 0 m), 3’ 367 (A02~L04, Z}Z} MSL(-) 3,
6, 9 m) & 48712] oA A E A2 AL FAAIE
e, B g FH(A01~L01) Hit T3UES oF
0.65 mm* coarse sand, FA| 5 (A01~L04)NA <] F
93742 oF 0.4 MmO E medium sandZE A H AT} 5=

x| B Al = 7R T4 B5F nEst 49 04 mm S

2 fkec)

A4S AH83191 S w424 MSL(-) 3~MSL(-) 5 m %
o] FA& 3 (Fig. 4dys 27kt ope} B sl H
o] ®a] o]E3} 712 QI3 A& Alo] IE ) Ha §E
S AP Saleich. meba] 2 AR eel A muld-
A04(0.32)
™ ®A03(0.233) ©B04(0.263)
€04(0.302)
B ©B03(0.212) ® D04(0.277)
A02(0.329) ©C03(0.232) S Ens(0230) ®F04 (0.
©D03(0.237)
B OEOIO281) groi
©802(0291), $C02(0.291) o 1) 0267
B © A01(0.822) ER® F02 (0.
©B01(0.916)
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| 1 | |

T T T 1
k 7 09
- 08
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L01 (0.483) |
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Fig. 7. Median grain size (unit: mm) observed on 29 Jul, 2019 at each point (A01~L04, total 48 points) and contour plot (29 Aug, 2019).
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RS A3 w(Case 6) 0.65 mm 54317 (Case 9)
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3Hols o el 912 2 o]y 1= Qs 3
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of wheba] npe mpEA 7L oh=w R S 2 22o] bar-
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Ast HopAlGE APYshs Blo] TQstE R, ATl =
vt vpE Aol Aok AleE &8st AR X8
ok RIS A A, e AlG gro] ARTFE Hgtel 9
Sk 9k oA Aato] AA] dofut HnkA o7 MSL F-+
oA FAo] vl A WA sHAlE Il i akA] S15 0w B
2 olso] B Wol vhAsI), wek vl e} H4=oellA
o] mpet wpE Al gho] AMGFF Aoz 22 7l
A2 BAE o)go] U &s] dolvl= BEFS ®ByloH,
A=A 7L 0.72 vket vRRAISE 40 m*/sY W) BSS #40]
¥ A elth, ApE o7 3 APEA] QAR = vt
FO R st 33 At vk = st F EA] |t

Lingling (Hs =1.72 m, Tp=7.19 s, Dp = 98.34°(E))

(103 m2s)|

K —>Sediment P

AZ, (Computed)

T2 BoJEr] g8 2 Aol = multi-dir 34, daly 2
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AHg-&F3A T

o
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AT 338 A AR TEH A A
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Z 13 74 MSL(-) 2 m oujellA 2] 9l g #o] niny
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Fig. 8. Cummulative elevation differences (AZ,) of typhoon periods during each maximum significant wave height (positive - accretion, neg-
ative - erosion) and direction of sediment transport (black arrow) with magnitude (size of arrows, unit: m’/s) : contour line (initial

bathymetry).
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Fig. 9. BSS values of each beach profile in a numerical grid (Top panel), Elevation difference of pre & post-storm bathymetries (observed -
middle panel, computed - bottom panel with representative eroding and accreting profile).
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