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Seasonal evolution of the typical sandy coast of southeastern Shandong Peninsula and controlling factors—Take the
10 000-meter beach in Haiyang as an example
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Abstract: Beach profile morphological survey and surface sediment grain size analysis along the Haiyang coast were carried out by the authors
for the four seasons from the autumn of 2018 to the summer of 2019, and the seasonal variation of beach topography and surface sediment grain
size as well as the factors controlling the seasonal evolution of sandy coast in the surveyed area were studied. The results show that the beach
profile to the west of Lianlidao-Dongcun estuary is characterized by patterns of "upper erosion and lower siltation" under strong dynamic and
"lower scoured and upper molded" under weak dynamic conditions, respectively, and the erosion of beach berm caused by the summer typhoon
is much stronger than that caused by the winter monsoon. A large number of sand bars of small scale were formed on the beach surface, and
extended offshore farther than those formed under the winter monsoon. The beach profile at the Lianlidao-Dongcun estuary is silted in general,
and the siltation under strong dynamic is larger than that under weak dynamic condition. The seasonal variation of the beach profile to the east of
the Lianlidao-Dongcun estuary is smaller than that to the west, and the shape of the beach berm top shows obvious a concave feature in the
summer. The variation of grain size of surface sediments also shows the difference between the east and the west. From autumn to winter, the

grain size of surface sediments on the west side becomes coarser and the sorting becomes worse. On the east side, however, the sediments
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become finer with almost unchanged sorting. From winter to spring, the grain size of beach surface sediments becomes finer in grain size and

better in sorting. and the variation trend in summer is similar to that in winter, although the variation range is different. Coastal engineering

construction such as artificial islands and ports are the main factors leading to the difference of beach profile shape and grain size of surface

sediments from east to west, and waves and typhoon events are the main dynamic factors that control the seasonal evolution of sandy beaches.

Tidal action, tourism development and other human activities will also have a certain impact onto beach evolution.

Key words: beach; seasonal evolution; controlling factors; Shandong Peninsula
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Table I Coordinates of starting and ending points for surface sediments sampling on beach berms in the study area

2 31 I 2
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T4 36°40'16.59"N 121°09"23.52"E 36°40'15.24"N 121°09"24.40"E
TS 36°39'09.94"N 121°07"24.05"E 36°39'06.58"N 121°07"26.55"E
T6 36°38'14.81"N 121°06'18.86"E 36°38'10.93"N 121°0622.96"E
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Fig.5 Seasonal variation of mean grain size and sorting coefficient of beach surface sediments in the study area
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Fig.6 Schematic diagram of controlling factors of temporal and spatial evolution of shorelines in the study area

Net sediment transport along the coast was quote from Ren Zhihui et al®®l.
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Table 3 Seasonal variation of sorting coefficient of beach sur-
face sediments in the study area
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Table 4 Wave and wind field changes in the study area from au-
tumn 2018 to winter 2019
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Table 5 Calculation results of wave action index from autumn
2018 to winter 2019 in the study area
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Fig.7 Wind direction change in the study area during the transit of Typhoon Lekima®”



55424 55 1 FEEAUT, 45« LLIAR A 5 20 B IS L AR i A 2 ' P e B ) R 38R —— LA BE T AR Ay 1) 65

e L, 5 WU I R AT 5 DX T 2 2 D0 AR R JEE 2
SSCA A 1] 3 S R[] 23 S SRR R, PR T RS
DX Xk AN ) 56 S8 4 3l g B 058 € B A ) g 7 22 e, TRt
T E A B 4P B T O T I W R AT B SR AN
b, i i H A 5 AR A S IR SN T R 3 AL 14 ) 2 i
T Y R

42 ANAEZE

B BRSO, LU TR 8 R
PRl 2% 2 it LA 5 DX 98 fE 2 2 1) T R 3% T2 DT AR W)
JESHORVI 22 519 ) — B 2R

3 3t B DX 9 A T 2 A T v R R TR
REJEREAE 2= AL B 20 A i, m LR H AT SE X
i R ) TR 25 0 SR R DOAR W kL B A 2 Y
AR LA JE B AR ] 10 o FEBR RV 73 5 Hh
TALN T By 55 2R AT 1 20 00 o R 0 S A
F, AT 75 VY 1) A TR B R v i AR A
Ak 52 B BG4S 38 2 D0 AR T8 BR A L AR A
RN, B 2 EUR VY PO 15 A2 AL AE 73 57

AR T 0 2% DX 358 B0 30 14 3830 30 R 9 TR (A
GG RO 0T DL, 50 DO B A, — i
/NT0.25 ms, [R] 32 B N T S B4 5 i Al
o 30 DX S G B o P T A 2 N T I s BT B
U0 5 T BE R PG s DR B 2 VR, T2
B E RS, A R /N T 1.4 m, T BT
DX PG AU 37 K A 20 R — BN T 1.4 m, i B
5y )5 05 K 3R B — BN T 1.0 me il TRl A
HEPS, N R E [ SR BFFE DB R/, ST W
] PR R AR o WEFEIXIR 8] L S SW Ia) g 32, 3T
R TR O R R S F DY 10 AR L A I ) R R T R Y
e P, L A BB AT T TS X BT R
Uil B, DRI T A I BRI R 38, i B s
PR REE 0] DU iz B9 v, IF AP A A AR

(1) 2 B 8 - ZR AT 10 LA G e 1) T 25 A 5 3
VARG SR A3 G o N 1| Kl o R/ Rl N L
SATRAE, B 5 I B0 T AR Tk e R T A TR
TEMETHE BV B 22 | IR/ N LS IR B
K AT T i H I - AR AR YT T Ak v R ) T 2
PRSI BUIRZS, HAESR S ) 210 T IR B K T 589
B 1 2 o IR AR R 0 AR VR U ) TR 2 Y
Z 1 VAP MR B /N T LA TR ] P R I T T
A 2= B T AL

(2) R JZ DURRMREL JE i A 728 1 [ R 52 BAR VG 22
S IR AL, BK R B 2 T DG I SR R DR P R
AL 3 EARZE , TR EE AR AR | 3 PESEACANAR s &
F R, R 2 DURRL E B AL 0, o) e 4
b RS K AN, (AR A T 2252

(3) N5 Fids 1 459 52 T o O S B0
Pl TR 25 R0 3R 2 DURR DAL E 7R 78 22 53 1) = R
TR 5 S 45 4 ) 40 Jo 2 N 1 Pk T AL Y
EE S R WA LRI IT K5 RS Bl
S0 R WA 3 B — S R

£ & 3Lk (References)

(1] ZFs, Tk, Warde, 25 Ak sk 5 e (M. 4t
B EEH AR AL, 2015 [LI Guangxue, DING Dong, CAO Lihua, et al.
Present Situation and Evaluation of Coastal Beach in Shandong
Peninsula[M]. Beijing: Ocean Press, 2015.]

(2] i, skKER, AKZE. ANTIEMERFFTRERE (T, iEvEbsiahas,
2006, 22(7) : 21-25. [JI Xiaomei, ZHANG Yongzhan, ZHU Dakui.
Research development of artificial beach [J]. Marine Geology Letters,
2006,22(7): 21-25.]

(3] s, AR, T8 A, % 38R 30 I A 4 A R
THARAR AL S R 43 A 1] Rl TR 24N, 2014, 30 (12) : 140-147.
[GAO Zhigiang, LIU Xiangyang, NING Jicai, et al. Analysis on
changes in coastline and reclamation area and its causes based on 30-
year satellite data in China [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2014, 30 (12) : 140-147.]

(4] IMEE, DR, KA, 5 R FEIZEANE 2R R 1 b 5 g S AR
JHEWT L [I]. M@, 2011 (3) : 41-44. [SUN Weifu, MA Yi,
ZHANG lie, et al. Study of remote sensing interpretation keys and
extraction technique of different types of shoreline [J]. Bulletin of
Surveying and Mapping, 2011 (3): 41-44.]

(5] JReE, skath, MEE. BIRNS KA IS W AR s (1],
PeIPHETE, 2014 (6) : 68-72. [GU Zhenhua, ZHANG Chi, ZHENG
Jinhai. Influence of incident wave condition on evolution of nearshore
double sandbar system [J]. Journal of Sediment Research, 2014 (6) :
68-72.]

[6] XUME LARZHES M]. Jba: sfE St R, 2012 [LIU Xing-
hui.Shandong Statistical Yearbook [M]. Beijing: China Statistics
Publishing House, 2012.]

[7]  Aiello A, Canora F, Pasquariello G, et al. Shoreline variations and
coastal dynamics: A space-time data analysis of the Jonian littoral,
Italy [J]. Estuarine, Coastal and Shelf Science, 2013, 129: 124-135.

[8] Fenneman N M. Development of the profile of equilibrium of
subaqueous shore terrace [J]. Le Poumon Et Le Coeur, 1977, 33 (6) :
397-401.

[9] Davis R A, Hayes M O. What is a wave-dominated coast? [J]. Marine
Geology, 1984, 60 (1-4) : 313-329.

[10] Hayes M O. Barrier island morphology as a function of tidal and wave
regime [M]//Leatherman S P. Barrier Islands from the Gulf of St.


http://dx.doi.org/10.3969/j.issn.1009-2722.2006.07.005
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.07.005
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.12.017
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.12.017
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.12.017
http://dx.doi.org/10.1016/j.ecss.2013.06.012
http://dx.doi.org/10.1016/0025-3227(84)90155-5
http://dx.doi.org/10.1016/0025-3227(84)90155-5
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.07.005
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.07.005
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.12.017
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.12.017
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.12.017
http://dx.doi.org/10.1016/j.ecss.2013.06.012
http://dx.doi.org/10.1016/0025-3227(84)90155-5
http://dx.doi.org/10.1016/0025-3227(84)90155-5

66

T M S5 5 1 20 M S

2022 4 2 A

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

Lawrence to the Gulf of Mexico. New York: Academic Press, 1979: 1-
27.
Gomez-Pujol L, Orfila A, A lvarez-Ellacuria A, et al. Controls on
sediment dynamics and medium-term morphological change in a
barred microtidal beach (Cala Millor, Mallorca, Western
Mediterranean) [J]. Geomorphology, 2011, 132 (3-4) : 87-98.
Giinaydi n K, Kabdas It M S. Characteristics of coastal erosion
geometry under regular and irregular waves [J]. Ocean Engineering,
2003, 30(13): 1579-1593.
Haerens P, Bolle A, Trouw K, et al. Definition of storm thresholds for
significant morphological change of the sandy beaches along the
Belgian coastline [J]. Geomorphology, 2012, 143-144: 104-117.
Esteves L S, Brown J M, Williams J J, et al. Quantifying thresholds for
significant dune erosion along the Sefton Coast, Northwest
England [J]. Geomorphology, 2012, 143-144: 52-61.
. PR AR R R R HE S L] MR, 1987 (1) 8-12.
[WANG Wenhai. Causes and countermeasures of coastal erosion in
China [J]. Ocean Development and Management, 1987 (1) : 8-12.]
ARG, B0, EERK, 4. P g AR R 2 (0] P24, 1993,
48(5): 468-476. [XIA Dongxing, WANG Wenhai, WU Guiqiu, et al.
Coastal erosion in China [J]. Acta Geographica Sinica, 1993, 48 (5) :
468-476.]
AR, WE. T ED B R ATRE S AAE R R ], iR S
2%, 2006, 22 (6) : 1-4. [LI Zhen, LEI Huaiyan. Distribution and
existing problems of sandy coast in China [J]. Marine Geology
Letters, 2006, 22 (6) : 1-4.]
T8 M AR R s AR O R (R 2 A 0] AR R 2R,
1996 (2) : 69-79. [JI Zixiu. The characteristics of coastal erosion and
cause of erosion [J]. Journal of Natural Disasters, 1996 (2) : 69-79.]
T, VT 5 R B R T U R (0], BAVHT ML, 2009, 29 (2) »
112-118. [YU Jitao, CHEN Zishen. Study progress of sandy coastal
erosion [J]. Tropical Geography, 2009, 29 (2): 112-118.]
W, MIRK, H6E, & ERERM. it SBEm LR ]
JUUURLE, 2019, 26 (6) : 604-613. [JT Xuekuan, LIN Zhenliang, YAN
Youxi, et al. Review on the research of coastal erosion, protection and
restoration [J]. Guangxi Sciences, 2019, 26 (6) : 604-613.]
AR, BRI, WIRAR, &5 ILARE AT T ERb R W sR 2 iR
R R R LT, B PR 4, 1989, 19(1) : 90-98. [ZHUANG
Zhenye, CHEN Weimin, XU Weidong, et al. Retrogression of straight
sandy beaches in the Shandong Peninsula and its results [J]. Journal of
Ocean University of Qingdao, 1989, 19(1): 90-98.]
WG TT, HAR, REEC AR S PR A R R S B 0], 3 B
HEPER 2R, 1993, 23 (3) ¢ 60-68. [CHANG Ruifang, ZHUANG
Zhenye, WU Jianzheng. Retrogression and protection of the north-west
coast of the Shandong Peninsula [J]. Journal of Ocean University of
Qingdao, 1993, 23 (3) : 60-68.]
R, AR B LR R U R IR KR 4T (D] B A
fifi 2247 3, 2011 [LUAN Tian.Current situation and analysis of
the sandy coast in the north of Shangdong Peninsula[D]. Master
Dissertation of Ocean University of China, 2011.]
Fix, R, AL, SE L ARE IR R RIS R 5]
UL R AT, 2013, 29(5) : 47-55. [LI Bing, ZHUANG Zhenye, CAO

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

[34]

Lihua, et al. Countermeasures against coastal erosion for protection of
the sandy coast in Shandong province [J]. Marine Geology Frontiers,
2013,29(5): 47-55.]

FEARY, BN, SREE, 55, B VD B R R Tk R LR R 2K (7]
WP R 5 5 DY 481 5T, 2000, 20 (3) : 15-21. [ZHUANG Zhenye,
YIN Ping, WU Jianzheng, et al. Coastal erosion and its influence on
southern Shandong sandy coast [J]. Marine Geology & Quaternary
Geology, 2000, 20 (3) : 15-21.]

BT, B, MU, S LRI RS SRR ]
TR 5 S DY 40 bR, 2013, 33 (5) : 35-46. [LI Guangxue, GONG
Lixin, YANG Jichao, et al. Beach erosion along the coast of Shandong
province and protection countermeasures [J]. Marine Geology &
Quaternary Geology, 2013, 33 (5): 35-46.]

FRT, BT, R, A5 AR R ALERIMES) JI M SURHIE
SRR [T]. A bR, 2013, 31 (1) 83-94. [ZHOU
Liangyong, XUE Chunting, LIU Jian, et al. Beach morphodynamics
and impact factors on the beaches in the northern and eastern of
Shandong Peninsula [J]. Advances in Marine Science, 2013, 31 (1) :
83-94.]

SEORER, B, FURAE, S8 AR B D B S) ST S A RFAE [T].
PR, 2017, 41(4) : 118-127. [YUE Baojing, LIAO Jing, GAO
Maosheng, et al. Evolutionary features of morphodynamics of sandy
beaches on the Shandong Peninsula [J]. Marine Sciences, 2017,
41(4):118-127.]

FAl, 25, Sk, S AR R B i TR I 7T S B
[J]. Fr R K224, 2012, 42(12) : 83-90. [WANG Nan, LI
Guangxue, ZHANG Bin, et al. Beach erosion research in Jinghaiwei,
Rongcheng, Shandong [J]. Periodical of Ocean University of China,
2012, 42(12): 83-90.]

gk, 25, EALE, A LR BRI WER PR R 4y
Br00]. e RS 24R, 2012, 42(12) : 97-106. [YANG Jichao,
LI Guangxue, GONG Lixin, et al. Status and causes of beach erosion
in Weihai, Shandong Province [J]. Periodical of Ocean University of
China, 2012, 42(12): 97-106.]

XUk, BHZE, KIpiE, 5. DeantiBUAE 1L AR B PE AL WSl 773 55
BEFER T (], Rk g, 2020, 38 (2) : 348-358. [LIU Cheng,
HU Rijun, ZHU Longhai, et al. The application of dean equilibrium
profile model in the study on dynamic geomorphology of the northwest
shoal of Shandong Peninsula [J]. Advances in Marine Science, 2020,
38(2):348-358.]

TRPEAE, REREL, AT, S UG AR X RO D B R R
Wi (J]. BT AT, 2012, 28(8) : 49-55. [ZHANG Zehua, WU
Jianzheng, ZHU Longhai, et al. Impacts of the construction of the east
wing of Haiyang harbor on the erosion and deposition regime in the
sandy coast [J]. Marine Geology Frontiers, 2012, 28 (8) : 49-55.]
TGO, RAEBG RO, A5 BN LI RD SRR AR (1],
LT B4, 2008, 24 (4) : 18-22. [YUE Nana, WU Jianzheng, ZHU
Longhai, et al. Influence of offshore artificial island on sandy
coast [J]. Marine Geology Letters, 2008, 24 (4) : 18-22.]

RS, HHZE, RER, & BRI REE s ], 5
¥, 2016, 32(11) : 18-25. [REN Zhihui, HU Rijun, ZHANG

Lianjie, et al. Evolution of the sandy beach in Haiyang [J]. Marine


http://dx.doi.org/10.1016/j.geomorph.2011.04.026
http://dx.doi.org/10.1016/S0029-8018(03)00011-8
http://dx.doi.org/10.1016/j.geomorph.2011.09.015
http://dx.doi.org/10.1016/j.geomorph.2011.02.029
http://dx.doi.org/10.3321/j.issn:0375-5444.1993.05.010
http://dx.doi.org/10.3321/j.issn:0375-5444.1993.05.010
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1001-5221.2009.02.002
http://dx.doi.org/10.3969/j.issn.1001-5221.2009.02.002
http://dx.doi.org/10.3969/j.issn.1671-6647.2013.01.010
http://dx.doi.org/10.3969/j.issn.1671-6647.2013.01.010
http://dx.doi.org/10.11759/hykx20161107001
http://dx.doi.org/10.11759/hykx20161107001
http://dx.doi.org/10.3969/j.issn.1671-6647.2020.02.014
http://dx.doi.org/10.3969/j.issn.1671-6647.2020.02.014
http://dx.doi.org/10.3969/j.issn.1009-2722.2008.04.004
http://dx.doi.org/10.3969/j.issn.1009-2722.2008.04.004
http://dx.doi.org/10.3969/j.issn.1009-2722.2008.04.004
http://dx.doi.org/10.1016/j.geomorph.2011.04.026
http://dx.doi.org/10.1016/S0029-8018(03)00011-8
http://dx.doi.org/10.1016/j.geomorph.2011.09.015
http://dx.doi.org/10.1016/j.geomorph.2011.02.029
http://dx.doi.org/10.3321/j.issn:0375-5444.1993.05.010
http://dx.doi.org/10.3321/j.issn:0375-5444.1993.05.010
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1009-2722.2006.06.001
http://dx.doi.org/10.3969/j.issn.1001-5221.2009.02.002
http://dx.doi.org/10.3969/j.issn.1001-5221.2009.02.002
http://dx.doi.org/10.3969/j.issn.1671-6647.2013.01.010
http://dx.doi.org/10.3969/j.issn.1671-6647.2013.01.010
http://dx.doi.org/10.11759/hykx20161107001
http://dx.doi.org/10.11759/hykx20161107001
http://dx.doi.org/10.3969/j.issn.1671-6647.2020.02.014
http://dx.doi.org/10.3969/j.issn.1671-6647.2020.02.014
http://dx.doi.org/10.3969/j.issn.1009-2722.2008.04.004
http://dx.doi.org/10.3969/j.issn.1009-2722.2008.04.004
http://dx.doi.org/10.3969/j.issn.1009-2722.2008.04.004

SRS, 45« LR 5 20 i IS L R i e 2 ' P e S sl PR 384

VAT BF 7 KA g 151) 67

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Geology Frontiers, 2016,32(11): 18-25.]

S, 22z, sihh, S5 PR O i T RO B A AU B
FEBERLTRM [J]. ¥5/5 TAE, 2014, 33 (1) : 1-11. [WU Yuanyuan,
LOU Angang, ZHANG Kun, et al. Numerical simulation and
prediction of erosion-deposition caused by the construction of the
Haiyang central fishing harbor [J]. Coastal Engineering, 2014, 33(1):
1-11.]

VESTAR, tRidt . M0 5 M B0 s DX b e A g PR BB DL 0 # (0]
Kiz T#E, 2010(7) : 11-17. [WANG Shoudong, XU Honglei.
Numerical study on scouring and silting stability of beach in Haiyang
harbor area of Yantai port [J]. Port & Waterway Engineering,
2010(7): 11-17.]

rnfl, AR, I, AR B KR A AR AR T i A AR
W52 [T] . WEE 43R, 2020, 42 (11) : 88-99. [GAO Wei, LI Ping,
GAO Shan, et al. Response process of the Haiyang Beach evolution to
Typhoon Lekima in Shandong province [J]. Haiyang Xuebao, 2020,
42(11): 88-99.]

e, RV, BESE, A R BUME B0 a0 L] M
4R, 2005, 27(2) : 106-114. [CAI Feng, SU Xianze, CAO Huimei,
et al. Analysis on morphodynamics of sandy beaches in South
China [J]. Acta Oceanologica Sinica, 2005, 27 (2) : 106-114.]

MR, VER V. BT BB G0 E R s R 1 1], B
A FHEL, 2015 (22) : 215, 218. [SUN Zhensheng, XU Yuntao.
Main agrometeorological disasters and disaster prevention and
mitigation measures in Haiyang city [J]. Modern Agricultural Science
and Technology, 2015(22): 215, 218.]

AR RNZA, RAAE, & LAGEHEKSCIREL M. TERE: iR
B H R4, 1989 [LI Fanhua, LIU Aiju, ZHAO Songhe, et
al.Shandong Offshore Hydrological Status[M]. Ji’nan: Shandong Map
Publishing House, 1989.]

FRFEAR I RH I R BOR R TR R R FE (D). o A R 24T
+224748 3¢, 2012 [ZHANG Zehua.Study on impacts of the Haiyang
harbor's construction on the sandy coast[D]. Master Dissertation of
Ocean University of China, 2012.]

. FE T B IR SR I 28 R R e Vb I e A RHIERT T [D].
r R 2 I8 K 2 (o T R 2 B i A ST ) B 22 AR S, 2019

[43]

[44]

[45]

[46]

(471

(48]

[49]

[WANG Qiang.Spatial and temporal distribution of suspended
sediment in offshore region of Haiyang city by remote sensing[D].
Master Dissertation of University of Chinese Academy of Sciences
(Institute of Oceanology, Chinese Academy of Sciences), 2019.]
SEORER, SRR, ERANE, A LA SO MRV IR R
SEAERAE (7). ¥ B RS, 2018, 34(9) : 10-16. [YUE Baojing,
GAO Maosheng, SHAO Jiawang, et al. Geomorphological evolution of
the barrier-lagoon system near the Jingtang port, Hebei province [J].
Marine Geology Frontiers, 2018, 34(9): 10-16.]

B, BRIE R, W RV AR MR CRRRL BERFIE K K B D 9% &R
(J]. W PEVE 8, 2008 (1) : 32-38. [HUANG Guang, CHEN
Shenliang, HU Jing. Sediment characteristics and its relationship to
hydrodynamic on Nanhui subfluvial flat [J]. Transactions of
Oceanology and Limnology, 2008 (1) : 32-38.]

FIARLL, INER, FEHRO. T 8 R M SO BE 24 M AR A R
Az (1], o e K 2 2 4%, 2012, 42(12) : 70-76. [WANG
Yonghong, SUN Jing, ZHUANG Zhenye. Seasonal variations on grain
size of the sediments and their transport in tourism beach of
Qingdao [J]. Periodical of Ocean University of China, 2012, 42 (12) :
70-76.]

AL, FT, IR T A< 0 RV e ) T A AR A (D]
PO PESIR, 2005, 24 (4) : 73-80. [ZHENG Chengzhong, WENG
Yubin, YANG Shunliang. A study on recent changes of beach profiles
along southeast shore of Xiamen Island, Fujian province, China [J].
Journal of Tropical Oceanography, 2005, 24 (4) : 73-80.]

US Army Corps of Engineers, Coastal Engineering Research Center.
Shore Protection Manual[M]. Washington, DC: Department of the
Army, Waterways Experiment Station, Corps of Engineers, Coastal
Engineering Research Center, 1984.

Short A D. Australian beach system: nature and distribution [J].
Journal of Coastal Research, 2006, 22 (1) : 11-27.

P, Az o R TR - Chinatide 5 H (1], 7KiE
W11, 2007, 28(1): 65-68. [LI Mengguo, ZHENG Jingyun.
Introduction to Chinatide software for tide prediction in China

seas [J]. Journal of Waterway and Harbor, 2007, 28 (1) : 65-68.]


http://dx.doi.org/10.3969/j.issn.1002-3682.2014.01.001
http://dx.doi.org/10.3969/j.issn.1002-3682.2014.01.001
http://dx.doi.org/10.3969/j.issn.1002-4972.2010.07.003
http://dx.doi.org/10.3969/j.issn.1002-4972.2010.07.003
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2005.04.011
http://dx.doi.org/10.3969/j.issn.1009-5470.2005.04.011
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1002-3682.2014.01.001
http://dx.doi.org/10.3969/j.issn.1002-3682.2014.01.001
http://dx.doi.org/10.3969/j.issn.1002-4972.2010.07.003
http://dx.doi.org/10.3969/j.issn.1002-4972.2010.07.003
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2005.04.011
http://dx.doi.org/10.3969/j.issn.1009-5470.2005.04.011
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1002-3682.2014.01.001
http://dx.doi.org/10.3969/j.issn.1002-3682.2014.01.001
http://dx.doi.org/10.3969/j.issn.1002-4972.2010.07.003
http://dx.doi.org/10.3969/j.issn.1002-4972.2010.07.003
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1003-6482.2008.01.005
http://dx.doi.org/10.3969/j.issn.1009-5470.2005.04.011
http://dx.doi.org/10.3969/j.issn.1009-5470.2005.04.011
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015
http://dx.doi.org/10.3969/j.issn.1005-8443.2007.01.015

	1 研究区概况
	2 数据与方法
	2.1 地形测量
	2.2 表层沉积物取样及实验分析

	3 结果
	3.1 海滩剖面季节变化特征
	3.2 海滩沉积物平面分布季节变化

	4 讨论
	4.1 自然因素
	4.2 人为因素

	5 结论

