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Fig. 1 Study area (a) and research locations (b) of Dadonghai and Xiadonghai in southern coast of Hainan Island
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Fig. 2 The terrestrial laser scan (a) and GPS-RTK (b); 3D

point cloud model (c); calculation of volume parameters of

boulders with 3D view of a cloud of points (d)
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Tab.1 Wave height required for boulders transportation

KB 1A
WL OIS
il A
~ a(p,—p.)/pw 2a(p,—p.) [Pw
NERY > . rootr - > -
B C,(ac/b)+C, Cu(ac/b)+C,
ﬁ% H? OSa(ps_pw)/pw_cm(a/b)(u/g) H> za(ps_pu)/pu_4Cm(a/b)(u/g)
C,(ac/b?)+C, C,(ac/b*)+C,
0.25 .= Dy , s~ Pw) [P
— H> a(pAC £u) 1P Hs alp Cp )/p
1 1




VU TR 45 B T T 3D SOG4 B B i g B e 096 1 B RR LR BE 58 131

BVE ) S N
F, =p.C, (abc)ii. (16)
M, =F,(c/2). (17

ELRR 5 IR R R4 1
F;=p,(F,cos6—F). (18)

X, p, MIEKEFE (B glem®); p, B R B RS
B (PR kg/m®)s Cp M PH I R B € 0T 1 REL a,
b, ¢ 5351 a filt, b #lt, o A E (B m); g A )
WEE (B : m/s); u SRR (A m/s); C,, T R
B i DR IS I T 0 8 B (PR m/s); g R R EE IR R
B 0 MRS

X R EE TR DL E B R, Y H DO sy iz
ff, R sz il

F,> F;+F,siné. (19
X7 g TR DL B E R, DR 9 7 ki
ff, HAZ sz 5k
M,+M, > M,. 20)
YRS THERL B R, SH IR F X ikis
i, R a7 R N
F, > F,cosé. 21)
X T A N E R, DA ERBENEN T
Aoz, i shikz ik
F, > F,cos0+u,F,sin6. (22)
B LR HE S 45 A B nl 15 B Bk 3 W A9 A
AN 2 s

*2 EREINNRE

Tab.2 Flow velocity required for coral boulders transportation
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Tab.3 Comparison of parameters, weight estimation and calculation of boulders taking traditional axes and TLS measurements
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Fig. 3 Distribution of boulders in Xiaodonghai (a), distribution of boulders on the west side of Dadonghai (b), distribution of boulders on

the east side of Dadonghai (c)
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Tab.4 Wave height required to coastal coral boulders transportation

HEEhE E/m
[SROS/ERE VI SIPAETS S IERIRES (R 1) HILRIRAS (R E) WIEARAS (i)
TLSH A eI TLSHA 157k TLSHA G

DDHE_01 T 0.94 127 0.34 0.45 2.56 2.82
=B 1.89 2.54 1.36 1.78 10.22 11.28
DDHW 01 i 1.41 1.09 0.64 0.46 3.95 3.71
=B 2.83 2.18 2.57 1.85 15.82 14.85
DDHW_02 i 1.16 1.28 0.48 0.52 2.91 3.22
=B 231 2.55 1.92 2.06 11.63 12.87
DDHW_03 i 1.12 1.63 0.43 0.61 2.15 2.15
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DDHW _04 i 1.41 0.87 0.63 0.34 3.08 2.82
=B 2.81 1.74 2.50 1.35 12.34 11.28
XDH_01 i 1.13 1.17 0.51 0.55 3.24 3.47
=B 226 2.34 2.04 221 12.95 13.88
XDH_02 i 0.97 0.74 0.35 0.24 2.02 1.93
=B 1.94 1.48 1.42 0.96 8.06 7.71
XDH_03 i 0.88 0.65 0.57 0.20 2.37 1.82
=B 1.77 1.29 2.29 0.80 9.47 7.27
XDH_04 i 0.54 0.68 0.35 0.20 1.80 1.72

=B 1.08 1.36 1.40 0.79 7.18 6.87
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Fig. 4 Comparison of velocity required for boulder transportation in different transport modes
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Application of the terrestrial laser scanner to the coastal boulders on the
southern coast of Hainan Island

Liu Zhengiao', Zhou Liang', Gao Shu'

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China)

Abstract: Coastal boulders, with durable and easily visible, have been widely used as markers to confirm the exist-
ence and estimate the magnitude of marine hydrodynamic extreme events, which is valuable for risk prediction and
coastal management. A detailed survey of large boulder accumulations was carried out at Dadonghai and Xiaodong-
hai sites on the southern coast of Hainan Island. The size, position and distance from the shoreline of 24 boulders
were measured by Riegl VZ4000 3D terrestial laser (TLS) scanner and traditional methods, respectively, in order to
determine their volume parameters, mass as well as the conditions under which they were transported landward to
their present positions. The results were then analyzed with hydrodynamic models to evaluate the characteristics of
the transporting waves and flow speeds. Storm waves would be responsible for the detachment and transportation of
these largest boulders. The maximum intensity of typhoon hitting this area should not be less than that of super
Typhoon Baoxia. The results indicate that the TLS technology has the advantages of convenience, speed and accur-
acy to measure hydrodynamic process of coastal boulders than that of traditional methods. The study insists on the
potential for reconstructing the history of paleostorm activity in the South China Sea and predicting the occurrence

trend of marine extreme wave disasters in the coastal areas of Hainan Island in the future.

Key words: coral boulders; marine extreme hydrological events; Terrestrial Laser Scanner; coral reef bay; Hainan Island



