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Topographic and geomorphological characteristics and development pattern of gravel beaches along the coast of
Zhejiang Province
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Abstract: Using on-site survey data from July 2019 and July-August 2020 in Zhejiang Province, combined with historical data, we
systematically analyzed the characteristics of topological profiles, planar morphology, and surface sediment grain size of gravel beaches in
various locations of Zhejiang Province. Meanwhile, using mathematical statistical methods such as correlation analysis, principal component
analysis, cluster analysis, and non-metric multidimensional scaling,, the main factors affecting the development of the gravel beaches were
explored, and the development pattern of the gravel beaches was elucidated. Results indicate that in the profile morphology, it can be seen that
most of the gravel beach profiles are oblique line typed, and some of them have a beach berm. In planform, gravel beaches in the central
Zhejiang sea area are relatively larger, have weaker headland, and thus the shielding ability is weak and undergo stronger wave action. In
distribution pattern of sediment particle size, the gravel beaches north of Que'er Ao Island in the central Zhejiang sea area have coarsest pebbles
and thicker deposits, while those in the central and southern Zhejiang sea areas have more prolate and club-shaped gravels. The gravel beaches
in Zhejiang could be placed into three groups by cluster analysis. The first group is mainly seen in the central and southern Zhejiang, and is

strongly affected by tidal currents. The second group is mainly distributed in the northern Zhejiang, with weaker tidal effects and smaller. The
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third group distributed more sporadically in the province and relatively coarser. The geological structure background, hydrodynamic

environment, and sediment supply have important impacts on the formation process of the gravel beaches, among which the geological structure

background is the main factor on beach development. For the ecological protection and ecological restoration regarding the gravel beaches, the

influences of wave action and tidal action must be considered.

Key words: plane morphology; developmental pattern; profile morphology; sediment grain size; gravel beach
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Fig.1 The study area and the locations of gravel beaches in Zhejiang Province



58 YRR M J5 5 56 D0 20 b TR 2025 4 4 A

F1 G

B E Mt EE s

Table 1 Specifications of survey on gravel beaches
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Fig.8 Distribution of planar parameters of gravel beaches in Zhejiang
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Table 3 Specifications of sediment grain-size parameters
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Table 4 The eigenvalues, variance contribution rate and
accumulated contribution rate of principal components

of gravel beaches

EH RO 5 ZEDTRRER /% R TT ZETTHRE /%
1 3.107 28.247 28.247
2 2.261 20.552 48.798
3 1.596 14.510 63.309
4 1.106 10.053 73.362
5 1.059 9.625 82.987
6 0.810 7367 90.354
7 0.424 3.852 94.206
8 0.347 3.154 97.360
9 0.163 1.481 98.841
10 0.090 0.816 99.657
11 0.038 0.343 100.000
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Table 5 Loads of principal components index factor of gravel beaches

3SR i Mz a L b N y B alb TR H
H—FE R -0.130 0.041 0.257 0.227 0.214 0.217 0.104 0.150 0.096 0.123 —0.188
B EMSY 0.333 0.292 0.108 0.208 0.206 0.189 —0.074 -0.290 —0.121 —0.007 0.096
HEFRS 0.156 0.121 0.250 -0.134 —0.242 0.164 -0.312 0.166 0.507 —0.144 0.138
ERUES % -0.150 0.222 0.008 -0.228 -0.071 0.333 0.526 0.279 —0.187 —0.387 0.354
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