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Fig. 1 Geographical location of the study area
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Fig. 3 Erosion/deposition changes of cross-shore profiles in Haiyang(2011—2013)
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Table 1 Statistics of main wave characteristics of the oceanic station on Nanhuang island, Rushan
IR R N NNE NE ENE E ESE SE SSE S SSW SW WSW W  WNW NW NNW
S A% /m 0.5 0.7 0.7 0.7 0.8 0.7 0.8 0.8 0.8 0.8 0.8 0.7 0.6 0.7 0.6 0.5
R PE R /m .5 2.5 35 2.8 2.4 2.2 58 39 33 38 32 23 23 3 2.1 L7
SE TR /s 3.4 3.6 3.8 4.1 4.4 4.7 5.1 5.4 4.7 4.6 4.4 4 3.6 3.7 3.4 3.3
KR/ % 4 2 3 2 3 2 3 5 5 7 3 3 2 3 6
TR/ 0 0 1 1 2 2 10 5 7 7 2 1 0 0 0

36° J
42 IX KR = 1T I
N ﬁ/\/ m q_q,
y ) AT »
. v ©
a0l LR &
FEEHD Y B =4
7
—_— »
38"
Vi
ZEE T P
A
36°|
36’
Y] 1 2km
121205 10’ 1211° 159 B
B4 BEMTEER(EAM:104 m’/a)
Fig.4 Values of alongshore sediment
discharge rate measured for each profile
86*
42! If PR ﬁ 2 1
N ’ g.\' WJ 3 . % [
E) 4
4o/ WA .
EEHD 5 =
LTI
38+
122 K 77
36°
36’
0 i 2km
121°05" 10’ 1202 SEE,
Bs5 EESFERITEHES S
Fig. 5 Distribution of the sections to

calculate incipient velocity

A T R B AT 20~49 em/s 2 [8] . KK
TRBY R R LB 7 IR T O L AIF 0 DX e D 1
B R AT R . T 1.2.3.4.5 2k
i N TG S0 0 52 ) L Bk 2 v 2R N — i
AL 25 em/s, Bk 2 T AT N TR 3 i

B AN BER S TR VD s BT 6 T R A A
SUVASES AR SSINLISR B NS SN BN
/s K 2 P S0 4 A 8 VD RS 2 I 3 . 1B
T 6 VAT LG sl . £ b M mr g it
FE XA AL 114 9L 3 AR A i D0 R e A E R )
VU KT BIE ST DX e YR A Ak Y 32 TR AE T R
GRS e VD I 15 7K R R R P eV Y A L T
T A B TR s S it T3l g,

4.4 ANIHHi

AR SC LA BH 2 25 A 5 R A I v v A (e
B BT T N T4 575 9 % ik 9% X s 4 R 5 T )
ASZ R .V PH % B I A R L AR 4 R
DL 7 s R A AR L 5 R DL 8, R
o R AR BB LA 9,

Vi A 3% 3 0 U, T TR S A bR R AR
B AR R R I HERE 2 7 m, 7 1 1) i
HEHZY 4 m, 5 5 R B R MGHERHLZ) 13 m,F
Yy HERE 2y 9 m T T ORI 22 18] Sk 28 18 i AR
B s FTET TL B I B Oy o RS A R B T T &
T I PE A 500 m 22 8] 52 B 2718 42 b e Bt 5 1)
T I DA PG 2 B LA R T IV A 22 18 T AR R B

Vg BF 3 305 i ) T LRI AT O e s R
FRUE B o (B ) T 3 1 0 S 20 3% 3 % A 1 T A T Ok
Ao BT T AR =Z 18] Sy 2212 it AR R B s AR 1 24 3R
PR A /NG) 0.6 m, 5% @R T
PG R ] TR & R Vb U/ A OG5 BT TT B I B
b e S e B UL IR e So a1 N e ||
PE 350 m #1100 m 5= B i A= ik 2% Sy el i FR
BB I PE M 1100 m Z &) [ 4 M 640 m
AR ol B, S RS R DB R A BT
N s 30 T4 M 640 m ZE ) IV PG ] 200 m



95324 5 11 0] TR 45, 55 1 PRRD 50 52 2 Vil 1L 23
AL H 2
b5 o EDUE WAV - FEME o KE o 45 - EHME - KEME - BANE KR
56 . : : . 7 40 . : o 7
N 6 35 6
@ . 30 . .
E 15 3B Hos S8
= < . Al 2 4
# 10 p 3% & . 3%
e =15 . .
5 . ‘ 2 10 . . . 2
—— . . . : p . o :
0+ Lo 0 Lo
200 500 800 1100 1400 1700 200 500 800 1100 1400 1700
BB /m PEES/m
H 3 H 4
40 B AR E - FRTWHE o KFE 8 60 B AW E - FRWHE kR 8
35 : — 7 = . - 7
.30 . . 6 . . - 6
@ . = 7 40 i .
g 25 e o ———— 5 \E g 5 \E
220 . . 4% 230 . 4%
= . 28 z
= 1 - 3T =20 . . : ’ i
10 2 - = s 2
s ; 101 "
0+ +0 0+ ~0
20 500 800 1100 1400 1700 200 500 800 1100 1400 1700
BB /m PEES/m
H S el
50 R - FRETHE - FRWE o KR 8 50 R - FRBWMHE  FRWE o KK 8
45 7 45 _ 47
40 . ¥ ¢ s 404 = o EE= .
735 = . 235 . e
E 30 SE E30 5 E
<25 p——— 48 225 . . . . 4%
B 20— 3% ®20 . 3%
s , 15 3
10 10
5 1 5 1
0+ Lo 0+ lo
20 500 800 1100 1400 1700 200 500 800 1100 1400 1700
PEES/m PEE/m
6 fe b kS Bh i i 55 AR 40U i I E XY Bk
Fig. 6 Comparison between incipient velocity and analog velocity of every section

R R AR B YR AR R A o B A R WA T %

T VP M) 200 m F 800 m 2 B i S I R A Ky ik

A5t 5 350 T IV PG00 800 m LAY F B A IR R R Bt
ZE LT LVE L P R O B v ) g

PR BEIA PP 25 s A 0 2% 3 B I I 4R ol sk R
AR AT 2 L 5 2 00 98 B 5 s i/ L A A £
T34 B A A DR A L R O BIF 5 X e i )
ARG SR HIX ST BT R AR — B

36°
42’

36°
40

B Bl

A

e s

SERLE
Eisrusus
[ EPSCE ST

%

Bl BT
0

0 km

& 7

121°14'E

EEREEMRRRNEBER

Fig. 7 Simulation result of shoreline evolution before Lianli Island



24 Marine Geology Frontiers

N hisY
I B s
o & & B e s
L wes . B O
42 o &8 )
‘ ,g\;w*éﬁg
o .
<l ! Eé
w&g 1§ &
So* i
36° ; [\ X
40’ - |
g i
,@&ﬁ ( ’@@ﬁ;
,ﬁ‘@%\N
Fale 2 gkm ‘
121208! 10’ 1.9 121°14’E

B8 ZEERBEEEFRLREULEMNER
Fig. 8 Simulation result of shoreline

evolution after Lianli Island

N 18
N | A ﬁg‘;ﬁ Tﬁ?
EE i e
36° . P "0
2 reAt @ <3 BE
h)
e
i
W AR b
\ ]
i
369 =
: S 3
g 2 ‘
X & T
iy v -
R ; O _Lkm /"%W%E
121°08" 10° 12/ 121°14" B
B9 ZEREEZHEFEMRETL

Fig. 9 Changes of the erosion /deposition pattern

before and after the construction of Lianli Island

(D BIF5E X6 ot 2 A AR A T AR R R AR A L 3
g3t Bk TR HOIR 2 5 Ry R 2 2 0T R A L)
R 5 W6 258K — P A ) S0 400 1 GO0 52 D8 s i AL AR
] 22 ok 3R R #A

() WFFE X Ye vb ke 3l it i £ 2EAE 20~49 em/s
2Z V] VA AR XA e v Tk A AR B 5 I TR
A BT R VD SR ) ENE J5 1] 38 7% . IR 2 4R
il BIF 5 X e M VA 1 S B TR R

(3) 3% P I A% 5 74 B U V00 R B R B U AR
TR ME AT % I AU AR ol R ALK L o P
Z 000 5 B T AR U /S o AR A R T R
BT AR AS o oK Bl 28 B 5 DX i () BE A4 g

V6 VF b 5 R VR 2016 4F 11 A
SEX:
(1] 28 K. IDARK A6 e 2 3R X E s i (D). %

2]

(3]

[4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

By E AR, 2011,
TR, B RN TR X B R AT R D] &
FE ¥ R 7%, 2008.
Fenneman N M. Development of the Profile of Equilibrium
of the Subaqueous Shore Terrace[J]. Acta Physiologica
Scandinavica, 1902, 104(4):491-495.
US Army Coastal Engineering Research Center. Shore Pro-
tection Manual, Volume I. second edition [M]. 1975:1-1~
4-8.
Leenknecht D A, Szuwalski A, Sherlock A R. Automated
coastal engineering system-user’s guide [R]. CERC, US
Army Waterways Experiment Station, Vicksburg, Miss,
1992.
Kamphuis ] W, Davies M H, Nairn R B, et al. Calculation
of littoral sand transport rate [ J]. Coastal engineering,
1986, 10(1) .1-22.
Hanson H, Kraus N C. Numerical simulation of shoreline
change at Lorain, Ohio [J]. Journal of Waterway, Port,
Coastal and Ocean Engineering,1991, 117(1):1-8.
Walton T L, Cheng J, Wang R, et al. Modeling of three
beach fill projects [J]. Ocean Engineering, 2005, 32.:557-
569.
Ranga R V, Ramana M V, Murthy M B, et al. Littoral
sediment transport and shoreline changes along Ennore on
the southeast coast of India: Field observations and numeri-
cal modeling[]]. Geomorphology,2009, 112; 158-166.
Aagaard T. Sediment transfer from beach to shoreface:
The sediment budget of an accreting beach on the Danish
North Sea Coast[J]. Geomorphology, 2011, 135. 143-
157.
Blodget H W, Taylor P T, Roark ] H. Shoreline changes
along the Rosetta-Nile Promontory: Monitoring with sat-
ellite observations[ J]. Marine Geology, 1991, 99(1/2).
67-77.
TkPEAe, RAE, RIpE, G BH S AR U X R X R
g R IR R L], R b BRI . 2012,28(8) :49-55.
VESFAR » WRUEER. I 6 v U PR U X7 ik b YR e T (B A
Al ]. JKiE T, 2010(7):11-17.
TR, SRAEBG, AR, S B RN T X RD I R Y
FEuLl]. M EIAS . 2008, 24(4):18-22.
SR el el 9 FE e O Y i R B AT 9 S8R K B g R U v o R
BAEBAD]. 5 P EE R, 2014,
IV IR E R B LA KR LA E RS
W B A3 AR LT 1. U P BR B AL 244 2011, 30 (3) : 389-



%32 % 4 113 AR 2 55 I IR D B R AL 25

[17] FEA. HrlkYEm#ELT] RVPIFIE.199906) :1-9. tion of numerical modelling for morphological changes in a
[18] Nguyen N T, Luong P H. Studying shoreline change by high-energy beach during the south-west monsoon [ J .
using LITPACK mathematical odel (case study in Cat Hai Current Science, 2010, 98(5): 691-694.
Island, Hai Phong City, Vietnam) [J]. Journal of Sci- [21] Zhang W, Wu J Z, Li W R, et al. Beach morphology and
ence, Earth Sciences, 2007, 23:244-252. coastline evolution in the southern Bohai Strait[ ]J]. Jour-
[19] Sao N T, Anh T N, Son N T, et al. Structural measures nal of Ocean University of China, 2015,14(5) :803-815.
to restore Cua Tung beaches, uang Tri province[]J]. VNU [22] Fanos A M, Khafagy A A, Dean R G. Protective Works
Journal of Science, Earth Sciences, 2010, 26: 98-103. on the Nile Delta Coast [J]. Journal Coastal Research,
[20] Shamji V R, Shahul H T S, Kurian N P, et al. Applica- 1995,11(2):516-528.

EVOLUTION OF THE SANDY BEACH IN HAIYANG

REN Zhihui', HU Rijun'?, ZHANG Lianjie', WANG Nan', ZHU Longhai'**
(1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China; 2 Key Laboratory of Submarine

Geosciences and Prospecting Techniques. Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: This paper discusses the evolution of the beach and its controlling factors in the nearshore
area of Haiyang, using several methods including calculation of the incipient velocity of the sediment,
mathematical approaches for coastal transportation of sediment, and mathematical modeling for beach
evolution, based on the depth and grain size data and remote images. The results show that the beach
of the study area is roughly in a state of dynamic equilibrium as a whole. It is difficult for the sediment
to make incipient motion. Longshore transport caused by waves may move the sediment to ENE direc-
tion. Factors affecting the changes of erosion and deposition include sand supply from rivers, waves
and artificial structures. The reduction of rivers runoff may cause the decrease in sediment input and
increase the erosion of local coast. The construction of coastal artificial structures may change the mi-
gration path of sediment, and lead to the local changes in erosional and depositional patterns. Wave is
a key factor in controlling sediment transportation and sedimentation. In conclusion, hydrodynamics is
the factor controlling the overall evolutional pattern of erosion or deposition in the study area.

Key words: nearshore Haiyang; sandy coast; evolution of beach; controlling factors



