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Abstract

China is one of the most severely affected countries by coastal erosion. About 70% of the sandy
beaches and most of muddy tidal flat in open water regions are erode. Coastal erosion results in the
width of beach being narrowed, bathing beach destruction, coast-protection facilities and roads
collapse, and wetland deterioration. These destructions bring many losses to the local people.
However, previous coastal erosion studies focused on the hazard of erosion and paid less attention to
the risk of erosion. Therefore, it’s necessary to study the mechanism of coastal erosion and build the
coastal erosion risk assessment system for the effective coastal management. On the basis of the
existed researches, this paper builds the coastal erosion risk assessment index system which contains
hazard index system and vulnerability index system. The index system is expected to provide a
practical theoretical basis for coastal erosion risk assessment.

Keywords: Coastal erosion, risk assessment, index

PR Rk E MR AR I R

BENEE Y SCiE B %, AR Y, eIt
1. b RN SR 0 R FE SAEH S E A seit =, Jbat 100871
2. EZF SRS, T KIE 116023

WE

RE R Rk F R B EK L —, 4 70% PR THEMER CHE 73 AL T T e 7K ) e ot
WM BR . R RS . IR RIS SRIBEIERSE, SR XKL
7oy MNVETRE SR . DAERIBTT E SR R R I R MU PPl A BT e i
RUUBIE FUIE A WARE P AME L5 T AT AR 55 . R0 4 I R R thk F Y
WA RN, RAEGRERAEGE, @R RME R TR R, iR RImRK
B PP AR A A A SCE BT KB A SCHR, SRR ORAT 7005 6 R AR 2 4L Wit
FRAR ko T RS VA FERR A 2 o SRR R P 035 BOR IR 7 (KGR PR AR DLBOR KA Sy R PSR b o
FKefdug: WER R, KR, fehrE R

" BIAfEH, E-mail: dzzhao@nmemc.gov.cn
FEEUH: EFREFERLSTEGERERN. FES5m; EXREARREESTIH (NO.41271102,
40830746)

Published by Atlantis Press
Copyright: the authors
146


mailto:dzzhao@nmemc.gov.cn

15]

#2121 (coastal erosion) FE7EHFVES)
JIEHT, S350 5 28 n) 1T 72 5l 8]y
VR AN R R T ik i AR e R
R AR A FE E AR R R R hE R T
s )7 SR AR P LS B AR R )
B, A TR R, R
WA A ) T AR B FS e (19508 2
D AR (1950s-1970s) — i
R (1970s 2 7)) Mk @t iel. gt
290 70% [ 5T g HEAN CES 2 Ak T I R 7K
SR Ve S B A5 B I R
FRER BRI EENETT RN 46%,
ORI RN 49%, RN E (BFEEE )
N 44%, FEHEVL A CRLIRHER ) y 21%,
R MRS AR B HhER
g WRIBIESE, SR AR
W0 P SR Ok o DME I AR ph 7 vh 2 2Rk
FHRE ARSI AR 3N, B2
B, HEEOE R TR, R emibiliR
R E R R fEANLE, kA
AR S AE T, AL AR ok o T RS A
KR, SRS AAEEE X,

Hl, gaRkZH 7R BREH TilRR
ThBLRE 181 e PR 2 4 19290y T SR Sk T 43
IO AR 78 M T XU ST MR £ oA
JRAZ T A 7T, anak e RS e YA 73R
T = A INAEE T B R . SRR T 4
9 RS R RAER T, S = AP R Rl
K, VAR A A FR AL, TR A
AT ERIISAEAEE, oA i 12 h
RFAR G AT AL, FRHEHATF S
. P RARRE. Ak E. BRA
FEERME R, B RIRARE . FE AL
NIR R 5 R AN L M0 R R SRR E N
PP S, KRR E R . K
K . NRMER T, DelRD LA
M Kane 551 AR T ok = 3 AT KU PEAS
B TS 1L ANEREER (EREREO
6 MESEPFER GRRKRMIFZIEED
FIFabrfk &, X EFRPREAT 0, mAK
FIMBCF I 7R AT 276 P 25 B RS
">, Dommguez i@ LIk 4E 1956, 1977,

[

1984, 1989, 1992, 1994, 2001 %% 7 ¥,
ST PR HE S VR R S Pt . T STiE I R I
A%, FWIRE SR LB, HK,
Yt R F A 2Ty MUK T
WX, FEERX, KAKX, BAX; &5,
CRA TR E BRI il R R A
SEWHR I SHE, 5k A TR,

SR, X L XU P4k 22 ) 28 T~ — 5
T, B0 EE Bk R T R R, sl
AR RAKH) S A5 EEN T, Dom fguez (I
FEBIRGEEHRE T Ak 8, HEGE
B PEAASRR B8 g 5B R 26 f iR M 8, KF
FEHABAH IR 28 o AR SCINLRE T REEUR R+
(PR DL AR RAR I By 45k, i 1R
I P o i U (=R N NP s B s S
T REMISCHR, FEHUHE S FE 5 e e bn
ZH T LA -

2 g R R MR F XAl PR

AN [R] 1) 538 6 9¢ 3 AU IR IR A 3R Ak
A EMZES. IPCC IR TE X2 K
O A 2 L0 7R g A R e 7 E ) S AR
61, Crichton 42 th KUK E e T 3 ANH 2 3K
G T W rER RN, Bea E 5 HUK
R o R T RS AR 52 0 ) o AL,
BT DA 7 sUFRaE, 5 35 AU e A% O
(118 SCRIA:

R=f(H,V)

X, RNEEREIE; H AR
Rk B R R AN, Bl V
RAKRAR G A, B 5 i 7RI AR AR Tl XU
(1) &P LR B B A2 R T AR R

TR ARk ¢ 25 XU H8 1 R AR b o 36 R
A T e R T R AR A AR RO M i
ARl A T PEAR R YRR, R R AR
¢ 55 S VAl 8 bR A F R ELRR I R 4R Tl ok
e 6 BE PEAS $ bR 5 2K 0 A 5 1 B VA A
bro WAL, MR EAR T HAR R,
A — 2 HIRFR I R E R — MRS 5L
RIS, e 2 AR At AR R R ) Ak AL
FEVEAG RSN, S8 a5 FE i R A B R 1
JiT o ¥ R 5T ) AN [ R A T R AR T 23 A A

W

Published by Atlantis Press
Copyright: the authors

147



JIIAE . RS EEAIERFRA B, A
[l i R R, Tl AR P AT REVEAS —FF,
e R A A U AR T s TRl A R
FRRRRAR LR 730 W (BR) B 2
R IR PG RE . AR R . N LR
FERRE, Bk, DI R AR Mk W
s FLUAR FRIRD IR R i o e R LR Tk e
175 o FEAHE R IR RN o IV A
BURMAIE . N TR BIEARIFIE. £
RS PPk SRR Y, PP HR b E 2 Rl 7 2R
FIAN T T 22 53 o AL, 78 RSt 5
RS PG, AR VPSR AR 2Rk
XA — A 2 AT 73 3 VAl

3 R RMRE BRI

3.1 mEFRRMRKERRENEE
S

18 BRI ¥ R AR Tk T R R 2 R 2
B HEEARTHGN BRI AN AR P
KK Hrr, BARBEFEE: MR, BR
%28, W ETr, Wb AR
AL TR, KR TR
e RN AR T OKBN AT, WM A R OA
o MAEREFEIN R, MR HHR,
WP BT, RV R, IR
ZJ VYA J7 18] 3 Pl AR Tt i A [R5

3.1.1 X2, R

FEIL R, R AR BN R IR AE
FHAERm ., fE, BHEAS RS
MRERERF. Lhr b, KB, BRGNS
VAR sk (O P S D S R VD VR, B
T LV A KT 5 K ) B A R B4Rk
PEZLU, OB IRIGES (VR VDRI AR B2 0l ) S
Vo B B R AR (R AL HER R ok Bt U
A PO, A7 I — R X Bk B 1R ph B
T EE RN TR E, W 1992
I 9216 5 AT KR EUE LU AREE A )b
i JE IR 3-12m, ks 30mPY,

P 5| A AR R, 8 AR
AU R A AR R SR Rk Bl 3 FH R 26 S5 AR (1 B

BRERIE . X TR TR AR, AR
FBEGR ERERREIR T U R BT
{2 il AR R R O /N 5 38 TR ) v il g 5 TR AH 5%
B, 539 v 42 LUK Y8 b S0k 75 38t 4+
B8 W E BT EARE, WETR
IR IRE e T M R 2 AV S
Dean Z4(#H5<, Hr Dean ZHUEIR A B
YO UURRE R DA S X 475 8 ] F) o5 4220,
MM Larson 5 \LEAf % ORI 70 45 5 1 25 A
b, HERE R R S ETE AR, A
N AR RIS FE . VD e B RIRIE
B PRI A 2 R 507, Mendoza 25 A\ fi
JER TN AR =5 25t LTI 0 A
DL J% 5 M S o 4 R] 2 Sk T 0 X 8 ) T g
= B4,

AR TR AR TR, R4 G IR BR
BRAEMNBREMEBAR S Z AN EE
THHE, HEZHRETRIFEINER K
%o Kriebel i@ K% Delaware Fff iz ifg
JR T S B, 4t T XU R
LJFIRNAT AT, A KR 5] 7 48
Je 1B AT R R AR K DL R R R RS
) R K%, Jimenez S4B A 20 v A
e KB e R IR FRY ] A R 2 328 PR 8 9 flk % ()
W BRI LSS K. Cooper 254 X2
R Y A PR 52 ) A IR 45 R I [R] XGRS
IR 22 A A R A 45 SR 10,

re B, R RS R
(Eq N NE =y AN ) R SIRCAPI & =/ = & =10 1
21 N 5714 1IN M £ |21 NI 2l T 7
R,

3.1.2 - FHE LF

WP S K R R AR T R
K, T H e AR AN AR VR . WP
[ _E AR R MEA, EER TR
() 7K R AT YR TR T ot ¥ S B P 30/ FH s/ B
IR PR [l Ry D/, Enas T R Xt b
S I ) T 32 200,

1E 58 B B BT 51 R R 2k
JERERIRFFE T, Bruun 2 0PUR R £
Bruun v 5 T DU MBS . WP
AR, W R T ) A A ) B
5, NI IE RS MEAR TR A 7K X HER 5

Published by Atlantis Press
Copyright: the authors

148



VM AZ T DR AE IR AN K X, A5 kR 3
FUGGTRPECR AR s I ANEK X TR
&SP B AHEMSE, IWm4ERe TR
0 T A A2 A, B LA Bruun V20 14938 B 4
A B AR P BT, ST R
B, IR BB RD ST
TEIXFPAAE N, 4R 1R 3% 5 A i T 1Hi
FHX R R I, 5 RN 2 FHE,
F XS Bruun BT TAEIE (B D), N
R T T T3 B R 2 S R R
B LE e DR b T S TR A2

AR R E (& 1R AX ) LSS

AT b T A R B P 1
P Ax, ) B, BTG REW: AT

[ EF0.5m, KiE. ZEL. F&. bk,
=V i MV 20 43 ) - 3 JE AR 39.6m
36.7m. 28.0m. 22.5m. 13.1m. A T-H>
R, MXTE-FH TS R4 R IR A EX
PR R, FA R 5 AP T2 (A
FEAE— DR ILIE IR, BIAEX i
T b T R 5 i A e R A TE AR 51,
BT B Hr el DUR AT R
5ig AR R R, AT T b R
GERR ) HRMEIT I B 2 R PR o

CEIp B g T B0 S (i M TS Sk 2P, Ay g i EFHge

K1 & 1F & [f1Bruunf& 2
Fig.1 The revised diagrammatic sketch of Bruun rule®

3.1.3 WRABRYE

TN TR VD 8 B ARk ) B
R T =P, EW R
WRYEWRWAD T ¥ L, AANERY
20x10%/a YA 10108/, AR E i
FRVRIP WS ™ B R A, 45350 703 5 IR AR
AE, HERUR AN,

EARIR Z W 70 52 o T T TN TR
TR R0 3 R AR Y E R, {H
FEEBZERAERDE S FLRIEY
AV 5% R EN/D RIS o RN IFTRYD N2
— AN W Ve & =0l e NG
— BB AR UURLLE ] L1 Sy 2, — 340 I ol
W R B R, IR R
24 90 335 T A P B AE I 1 RS DR AR

ore NG, BIRZ KA LG T
FES] L1 s BTG R Al AR e v
EIXAERS . TR TR E NI
BRI SRR . 8RRV EEL D
SR, EAACZREIRANE D&
FR AR IR, T HAR 2 52 B R ER ) R
WP BTSRRI IR, IR R (1
By, IR CRATKERD D
1. AR BRI R AR .
B RE S LY SSERITN Ao lR [V8: Lk SR (B )
b, WAV R I L
DX e — Wi b P b e, N 9 T T £
PRI, BN IR BB A i )

HH S AT BLA S 4 A R N U b
B 2l & BRI R, W]

Published by Atlantis Press
Copyright: the authors

149



PR O R B e Al T ST YR v
T 5 AR IR RS R

3.1.4 \&ED)

TE RS 2 i ) NGB, N TR
Hb St A b 1 5 T ol BB R W 2

RIS L IEE SR, AATIAE N R Hh X
W VR R SRR, 38 R T,
FURM o e T P4, S R ik e SR TG Bl
FRER IR M IR T ELAE S RIZ . BEIE
Ziit, X 1992 4F 4~7 FHILERIE KD & 2 H
FF — MR L 40 77 t, X —HF
I KA v e

BRI, N TR &2 T B TR bR
3.2 B R R F G R E AL T fn ik
RHEESL

MR IR 0T, K R R, P
T ETE, WD & DR N ISE 3 Y
KR FZARIEEL R & AT a0 N Hebs, Wk
1w

R 1P HIRbR SRR IR, "L
ST PERAR TN : JH S KR VRV R
Jerb AR R K K SCI VD 2%, RAEFH K
THRIDRE ST R RERE . BORAEXHE PR
VR P AR N B R R KRRV RE 1
SR, AR PR T RETE IO . B, B
[6 DA K% 352 Jo 9 i R A VR AR AL P B B4R AR
Horb, B SIRRKRERA R, MR, &
IR K RE BRI FRAR P A T AE AR
TR s PR P E A AR R R R A TS
[ AW SRR IIRA G, P,
(FAL RN AR SNSRI Y/ =R in=vEi}
FAERMEERR, NRBERIKEBR, £
B X T I 25 ) BE B iy, X 0o o 2
TR BEPEBR K o X R 452 (RN 1] th 2
SN AR AR L A B LR 3R, R (]
K, RUMIIFE RS 2 OK o T T
R, PLRIRE MO, Mk, TR
R, FREJRREBN, NTSREPEBK,
X AR P ) S M K

& LG R I VAR S5

Table 1 Coastal erosion hazard indexes and codes

MR RZE A0

EFRIEWE 18D

EX S Ymhg EAS Gt
JE=S:PIN H11

A 4 L I (8] H12

. IR H1 TR H13
BIRTT A (BP9 ) H14

R RV IR A 1 H15

T LT o Mﬁ@fﬁfﬂﬁﬁ H21
T ATV H22

biirhyd H31

| H32

v s s TR H33
TRV H3 - Haa
RNV & H35

BRI E H36

NG H4 NLRHb H41

Published by Atlantis Press
Copyright: the authors



4 R RNk T VAL R AR

4.1 AR RARTE K

TR AR A I R A2 TR T X P (1 - b DA
K EAR ERES RS BRAAIZXIEA
(10— DIt s VRSS2 108 AR A 2
ERCR I (52 e 1) 5 M 31 BBl 2 TR AS TR 28 B4 1
REIMAES, REERZN EEXK,
AU K

A 5 75 A ) 5 1o 3 4R e i T
LRbRE, FIRMERTE 1~2m/a 1D
VR RIS ko AT TRE A BT R A
50 4B E 100 B SR, A
PRI 200m YU I RI AT . 2% FE BT A 4%
A SRy R 5 A7 1) ) B 1 2 4R ol g N TP
Wy CRHESHER AR, KFILEREE
LRI I DX, DTSR IRE A % ) g — ) Sy 7
RARKABETEE . X FEEEE, hTe
R R AR, GE— e LA 200m A 5,
A RARB, MAEMLEFECT 10m R H
AL .

CREIXELTHT, PR LAR P 2R AR K AR
A R R T

(1) FE¥R 2R 200m 2 Py G AR DA
B N 7D

(2) UK T 10m A5 (ERE
FRIX, i AR T 3 A 5 i AN B K 30 2.
200m oA XIS R R DR mi ke
AT RAAT R ETEH ARIE D

4.2 A REE TR R B E

78 & BE R R TR AR 7 Rk 2
TR A Gy A5 BE IR BEA o VR AR TR R AR 11
Iy R EEARE LT RN

(1) E8ME. WFRMImE He
SRR BB I Y R R B S RN .

(2) AlEfL. RRAR KRN S
PO RS, DRI, ARRAR T S TR, U
fET T —DHIR R G P VRA o

IR BRI, 7E2 25 K EAH ISk
RHOEERS L, 255 R R R T 1 fE T
R WE TR RAR I F AR T f oy
TR RIS, IR R IR H AR K AR 5
UL VP A BLE 2 A o

2 WA AR S gRig
Table 2 Classifications and codes of coastal erosion risk receptors

—%& =Y =%
TR Ymhig R gty 2 Fx gt
181 21 /75 All
. F 5 Al2
fEsitey) Al R AL3
s Al4
+3 A211
By b A21 TR A212
W D1t A2 EES A213
(ED HELIA A22
B A23
PR A A3l
55pics A321
I it A3 N A32 HiE A322
Z e A323
L% A33
TH Ad EhH A4l
pias7d A511
HERIT LR A51 Eial A512
1RGP TR KoK Tk A5 TR it A513
. I 401 A521
K TVt A52 HEK T .

Published by Atlantis Press
Copyright: the authors

151



FRIEA A6
JiRUER A7
AR A8

BoKH A523
£ EUF A61
HREWME AB2
G ATl
iR A it AT72
et /NI A73
7K H A811
i A8l B A812
TrA A821
AR A82 AR AB22
el 3t A823
2 Hh, A831
Fith A83 it H A832
N TLEH A833
MR A84

W TR AR A e R K o BN AR KA
OB, ANTE) T ot — BB T AR 1) 9 T
fn PR BLIGR 1R BB B o AR P AN &2
TIERMN AT, B GAR ) 73 8 ik
e SYNBERIE L

4.3 AR B E AT IE R

Vg R AR ol ) R R A A R T2 LA
PRy LR RN G . A R A
BUE R 2R IR IE At . 3, Jgit
SERYIRD o BT 1 BARDUAE i R AR i
B RS RIE: A BRI TR,
Bk HEMAEROIIR . JRFE MR
eI e 7R T AR R B SN D AR
T B 1 R SR IR BN BB I n i 5
AR A E R GE 2 21,

* 3 R R AR Sy 1 B VAL FibR S g i
Table 3 Vulnerability indexes and codes of

coastal erosion risk receptors

BRE (D
4R

ESNCEP

ER S iy I

KM V1
BAHARNE V21

i V2
i R V22
kR V3

i BRI L R AR IE R T RE 5 Ok R
G BRI PSS AT O
HRRARTE 2R IR IR AT 2K, ASFEZK
A, HARRBEN S PURBETTRRRBETIA
[, ATRHRRRRIR ;. R AR
faf, fEMLLRAmmARI B MERz R, H
FFARBIT FTTE A A ) R R AR 2 T 52 45
Ko RAT BB AL R 40 B BRI B A T AR
R R IR, BRI 75 0N 2 i T AX —
ks

(2)
PR D WL VA IRAR IR 3 P

V= ft,,E,A)

5 SRk

ASCAESZE DT W SRR 12 |, AR
il AR Ak 25 ARG VAl ) AR, 357 T
0 AR e ok B 9 S SRR R AR B3 45 1)
R b RS PG T AR 1A R o Jld A
R NS T ETE R
B> NIESNE BB T iR R
PR AR, AL TR R AR ok 25 fa

Published by Atlantis Press
Copyright: the authors

152



FEVFAGaAR; FEARRRRITER . 70 ISR L
b, SRR G IRV RS . A SO
S [ R AR T o T U VAL R AR 1A 2, REOA

6 % ik

[1]1 BRER, BRM, EERSE, SEEFR
M (R, JEst, 2010) .
T, REE, WRE R MR E
R, AAKFFIR (04) (1993) 60-66
R, £, rEEKEE, o EHERR
TR, MAESER (05) (1993) 468-476.
A5, R AR URE AR AR o SR
SRR oy M. B k2 R (02)(1996)
69-79.

TR 52 RE S, ] = A R

AR R E R Ky, A RS TR

Fl27R 14(S1) (2006) 247-252.

Davidson-Arnott and R.G.D.,J. Ollerhead,

Nearshore erosion on a cohesive shoreline,

Marine Geology122(4) (1995) 349-365.

WA, R, FOCEE, IWARIEARES

o 3 R S AR A S A e 3y, B 7E E IR

(77 X/R) (02) (1996)74-84.

List, J.H., A.H. Sallenger Jr.,M.E. Hansen,

et al., Accelerated relative sea-level rise and

rapid coastal erosion: testing a causal
relationship for the Louisiana barrier

islands, Marine Geology 140(3-4) (1997)

347-365.

FERIT, FUEE, EUNE, RS

Jo it AR R T 5 PR, A LR (01)

(2005) 9-18.

[10] Andriani, G.F. and N. Walsh, Rocky coast
geomorphology and erosional processes: A
case study along the Murgia coastline South
of Bari, Apulia SE ltaly,
Geomorphology 87(3) (2007) 224-238.

[11] E£E7, KHEXL, SIS, TREBZ D
AR T, A2 T (01) (2007) 1-5.
[12] FLEAE, 2= 2 5007 =2 it 5t L Biia
X, IR REDFZE (01)(2008)73-76
[13] Jabaloy-Sénchez, A., F.J. Lobo, A. Azor, et
al., Human-driven coastline changes in the
Adra River deltaic system, southeast Spain,

(2]

(3]

[4]

[5]

[6]

[7]

8]

[9]

AR RS PP AL SR A S A S L, it
T (2 BEHE T SR B P

Geomorphology 119(1-2) (2010)9-22.

[14] 1R R, oke8 R TREAME, 11234 1 F s
= AN R R T 5 B Ie 0 5, FifE
F7% (10) (2010)90-95.

[15] Cui, B., X. Li, Coastline change of the
Yellow River estuary and its response to the
sediment and  runoff  (1976-2005),
Geomorphology 127(1-2) (2011)32-40.

[16] Liu, Y., H. Huang,Z. Qiu, et al., Detecting
coastline change from satellite images

based on beach slope estimation in a tidal

flat, International Journal of Applied Earth

Observation and Geoinformation
23(2013)165-176.

[17] FEIRMY, Wi, XIoxfik, PRhEab o
1= b A0 g WE IR A A F M 0T BT i
(02)( 2013)1-9.

[18] Rahman, A.F., D. Dragoni, B. El-Masri,
Response of the Sundarbans coastline to sea
level rise and decreased sediment flow: A
remote sensing assessment, Remote Sensing
of Environment 115(12) (2011)3121-3128.

[19] ECifE, FEHE R E K R R 5, 4
JFAXK (01) (1987)8-12.

[20] £, /AR, WP ETE 5 i ER v,
HEPEF7R (02) (1995)118-127.

[21] B R, 6K, FFUREE, ILRE R
b 5 P S R N LSRR oy M. A A G
F1# (01) (1996) 66-72.

[22] Budetta, P., G. Galietta, A. Santo, A
methodology for the study of the relation
between coastal
mechanical strength of soils and rock
masses, Engineering Geology 56(3-4)
(2000)243-256.

[23] F-9°F, ELARN, BRI, S
R R RS R AL, Rt
JZ (01) (2006) 83-90.

[24] AE, 77 R0, Ed, AR i R R
B L B ia xS ST IS, [ £ AR
W7 (01) (2006)52-53.

cliff erosion and the

Published by Atlantis Press
Copyright: the authors

153



[25] sk Je, 2= R o, BAR B I = A1 90 1) i 5
120 S JLIR S U, AE7EH B 5 (05)
(2008)475-479.

[26] Brunel, C., F. Sabatier, Potential influence
of sea-level rise in controlling shoreline
position on the French Mediterranean Coast,
Geomorphology 107(1-2) (2009) 47-57.

[27] HUANG, G., Time lag between reduction
of sediment supply and coastal erosion,
International Journal of Sediment Research
26(1) (2011) 27-35.

[28] shimhs, ARmelT, AT MR, HLb
P 5 #-257% (05) (2011) 37-39+59.

[29] Zhang, K.Q., B. Douglas, S. Leatherman,
Do storms cause long-term beach erosion
along the U.S. East Barrier Coast?,
Journal of Geology 110(4) (2002) 493-502.

[30] ¥ ekfE, BAMGE, W LIRSE, R ERIFF
1RV T, 1 EH K F SRR IR (S1)
(1994)166-170.

[31] BRUE, WHLEM], ARIEEFHE BT E 1
MEAZ oo WS B 2 M E 17(4)
(1998)391-395.

[32] Leont'yev, 1.0., Modeling erosion of
sedimentary coasts in the western Russian
Arctic, Coastal Engineering 47(4) (2003)
413-429.

[33] Brown, I., S. Jude,S. Koukoulas, et al.,
Dynamic simulation and visualisation of
coastal erosion. Computers, Environment
and Urban Systems 30(6) (2006) 840-860.

[34] Callaghan, D.P., P. Nielsen, A. Short, et al.,
Statistical simulation of wave climate and
extreme beach erosion, Coastal
Engineering 55(5) (2008) 375-390.

[35] #hibe R, miftil, # K48, WbE B IRIR
AV AR R S T, AN
VY4 pE (03)( 2008) 23-29.

[36] Callaghan, D.P., R. Roshanka, S. Andrew,
Quantifying the storm erosion hazard for
coastal planning,
56(1)(2009)90-93.

[37] Hapke, C. and N. Plant, Predicting coastal
cliff erosion using a Bayesian probabilistic

Coastal Engineering

model, Marine Geology 278(1-4) (2010)
140-149.

[38] Trenhaile, A.S., Modeling cohesive clay
coast evolution and response to climate
change, Marine Geology 277(1-4) (2010)
11-20.

[39] Loureiro, C., O. Ferreira, J.A.G. Cooper,
Extreme erosion on high-energy embayed
beaches: Influence of megarips and storm
grouping, Geomorphology 139-140(2012)
155-171.

[40] Ranasinghe, R., D. Callaghan, M.J.F. Stive,
Estimating coastal recession due to sea
level rise: beyond the Bruun rule, Climatic
Change 110(3-4)( 2012) 561-574.

[41] Walkden, M.J.A. and JW. Hall, A
predictive Mesoscale model of the erosion
and profile development of soft rock shores,
Coastal Engineering 52(6)( 2005) 535-563.

[42] Kane, H.H., C.H. Fletcher, B.M. Romine, et
al., Vulnerability Assessment of Hawai'i's
Cultural Assets Attributable to Erosion
Using Shoreline Trend Analysis
Techniques, Journal of Coastal Research
28(3) (2012) 533-539.

[43] £30iF, RFE =, BRE I, BRRMRE
VAL AR, A% #57R (01)( 1999)
71-77.

[44] Del RD, L. and F.J. Gracia, Erosion risk

cliffs
temperate environments, Geomorphology
112(1-2) (2009) 82-95.

[45] Domnguez, L., G. Anfuso, F.J. Gracia,
Vulnerability assessment of a retreating

assessment of active coastal in

coast in SW Spain, Environmental Geology
47(8)(2005) 1037-1044.

[46] IPCC, Climate Change 2001: Impacts,
Adaptation and Vulnerability, Summary for
Policymakers, (2001)WMO.

[47] Crichton, D., The risk triangle. Natural
Disaster Management, Tudor Rose, London,
(1999)102-103.

[48] UN, Risk Awareness and Assessment in
Living with Risk. ISDR,UN,WMO,Asian

Published by Atlantis Press
Copyright: the authors

154



and Disaster Reduction
Center,Geneva(2002) 39-78.

[49] %, BRM, WA RMKNE R, #
/7T F£402)(2003) 60-66.

[50] £3Ci#, RF=, BREH, 1IRH 9216 5
o A U@ X R YD 1) ) A R AR Tt R
HE 7E T 5 VY 40 M i (04) (1994)
71-78.

[51] Overton, M.F., J.S. Fisher, K. Hwang,
Development of a dune erosion model
using SUPERTANK data, in Proceedings
of 24" International Conference on Coastal
Engineering, Kobe, Japan, 1(24)(1994).

[52] Larson, M. and N.S. Kraus, SBEACH:
Empirical Numerial Model for Simulating
Storm-induced Beach Change, Report 1:

Empirical foundation  and model
development, in  Technical Report
CERC-89-9 (US Armmy Corps of
Engineers,Vicksburg, 1989)

[53] Wise, R.S., S.J. Smith, M. Larson,

SBEACH: Numerical model for simulating
storm-induced beach change, Report 4.
cross shore transport under random waves
and model validation with Supertank and
field data, in Technical Report CERC-89-9
(US Army Corps of Engineers, Vicksburg,
1996)

[54] Mendoza, E.T. JA.
Storm-induced beach erosion potential on
the Catalonian coast, Journal of Coastal
Research 48( SlI) (2006)81-88.

[55]Jiménez, J.A., A. Sancho-Garc B, E. Bosom,
et al., Storm-induced damages along the
Catalan coast (NW Mediterranean) during
the period 1958-2008, Geomorphology
143-144(2012) 24-33.

[56] Jiménez, J.A. and A. Sdachez-Arcilla,
Medium-term coastal response at the Ebro
delta, Spain, Mar. Geol. 114 (1993)

and Jiménez,

105-118.

[57] Larson, M., L. Erikson, H. Hanson, An
analytical model to predict dune erosion
due to wave impact, Coastal Engineering
51(8-9) (2004) 675-696.

[58] Overton, M.F., W.A. Pratikto, J.C. Lu, et al.,
Laboratory investigation of dune erosion as
a function of sand grain size and dune
density,  Coastal 23(1)
(1994)151--165.

[59] Kriebel, D., R. Dalrymple, A. Pratt, etal., A
shoreline risk index for northeasters, in
ASCE (1997), pp.251-252.

[60] Cooper, J.A.G., D.W.T. Jackson, F. Navas,
et al., ldentifying storm impacts on an

engineering

embayed, high-energy coastline: examples
from western Ireland, Marine Geology
210(1-4)(2004) 261-280.

[61] Bruun, P., Sea-level rise as a cause of shore
erosion, Journal of the Waterways and
Harbors Division 88(1962) 117-130.

[62] 2= A\SE, EF, VEAREEEE, Anaiki
TEv R BRI, AR NS B
Z M/ (01) (2000) 87-91.

[63] Ashton, A.D., M.JA. Walkden, M.E.
Dickson, Equilibrium responses of cliffed
coasts to changes in the rate of sea level rise,
Marine Geology 284(1-4) (2011)217-229.

[64] T2 ROC, X AEAF, FE 32 BRI
BV O R IR, AR
XHR) (04) (1985)460-471.

[65] KK, F5sEa% MRutinss, Wby iR
7 MV SRR e W Ik A B, A
AEAETF (03) (1986)94-103.

[66]ZR 2, 25 ML, whifgiE /K IRk IR 5T,
HEIFE AR IHR) (02) (1982) 191-200.

[67] B R, NKTLIEENZEE BiEMER
T SRR S, A LR (03) (1997)
41-46.

Published by Atlantis Press
Copyright: the authors

155





