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Fig.1 Location of the study area and distribution of the surveying sample plots



541551

XUSCR, 45 ETHLEL LIDAR ) 4 ) v e 2785 el 83

®1 MIRREBHEINEERSIT

Table | Information of beach profile of the study area

T 9t i RUABR HTH 7 17) I 1)
PI 37°27'12.2"N. 121°44'25.9"E 8° 202244, 9H, 20234F4. 9
P2 37°27'11.7"N. 121°44'43.9"E 8° 202244, 9H, 202344, 9H
P3 37°27'16.5"N. 121°45'35.9"E 6° 20224E4, 9H, 202344, 8. 9
P4 37°27'23.7"N. 121°45'49.3"E 6° 20224E4, 9H, 202344, 8. 9 F

1 T A it — {00 31 7 A A s, ) A L
TR, MRS A NKT 1 m Ak, ARSI F
7§35 iRTKS A GNSS LSS & M 4% CORS-
RTK {5 ¥ 18 77 ] R AR, SR AL A5 75 1) [
FEAETAL, IR 2R 1~2 m, e 3458 3 %
BB E | AR AU AR

2.2 #1#; LiDAR #iE

AR A A9 HLEL LIDAR %0 H P Rl O 1% 2%
PAEH R H THIETE 29 1 h NS TR R AR, #5248
SB35 K g M300 A1 D20 JEAML, S
B2 2, AR T, BLE LTCRL R fRTFR “L17 )
4 905 nm, K5 LiDAR22(LA R & #K “LiDAR22” )
WA A 1550 nm, ¥ )8 T LL AM OGRS, RAES 5
KR KB, 76 92 BRgidl R A2 i B v, LiD-
AR22 G RSO K e 7K T SE AR AT i, L1
P T IR X e S T 3R [/ e () O ik s e
J7 18, LIDAR22 J& KA, L1 7E 100 m MHE LA
A BECR RS o I A i . AR SCrb, T L1 R
£ 34N YK (2023 4F 8, 10 #1 11 A ), LiDAR22
SKAE 1AM (2023 4F 9 H) . 2023 4F 8 A REER
LiDAR i85 7 Th Bcis [m) 20 e Tl £, 9 H R AERY
LiDAR H45 -5 ) 25 oA ofie [R]85 0 £, 4508 R 4 1if
BIAHZE 4 K.

2 FPHOCAL AR SR 42 1Y LIDAR H¥ R BE 3L T
M 4% CORS-RTK FRHU & H . #H] L1 F1 LIDAR22
SRAE B 53 5 ) R R 81 A SDCImport 1 44-1E

2 HlH LIDAR £ BB S BAEIER £/ 1)

Table 2 Airborne LiDAR (light detection and ranging) sensor
parameters and data acquisition time

24 LI K LiDAR22
BHEE K3EM300 K« D20
KAT R 80 m 200 m
WK 905 nm 1550 nm
EME1e 3 5%
SR >1004/m’ >504/m’
EEE i 70.4° 360°7]
SRAERT 1] 20234F8. 10- 11 20234E9H

FTHE AL BRAE 1 =2t 05 =, 4 AR I BE 22 5
FARAG AL S H, KPR 22 AR R 223876 5 om LU
W, FETC WU R TR -2 . M S | b
T A5 5028 KRBT AE A HE, A R e R ( digital
elevation model, DEM), 5 [A] /3 B8 K 5 cm. )5
X RTK S 51 1 £ 46 AHLZR LIDAR 42 7= DEM
A AR 00 DX 120 7K a5 AR 0 e AR O S e AT
& IE., Fe 2B ()~ T L R 2000 [ 5K b AR
Z, I RREEE N 1985 R FAE.

3 R

3.1 EMEIEBEIEMIE LIDAR BUE—H M2

53 AT WLEL LIDAR 4l (194 24, 8 W] 25 Fn
Y [A] 250 £ 1% RTK S 5 #2H A LIDAR 58 5 %X
PR AT B, AR IURH L 57 1 o5 2 0 T, an &l 2
FiR . #5HI E 2066 8 RTK SE & FR e, %
o 8 R X A B Y LIDAR 52501, Hrf, P2,
P3. P4 [H 2023 4 9 H RAEFIEHEA H A7 > oK
1A, 22 SO DK b g W A G £ A7 AR 28 1 4R B
(F 2d—f). MR %, RTK S2EE 5414 LiDAR
AR = BEW) & BB R, IR R T B e R o7
BRI S A — B, Hop, 625 SR AR 1B W)
BT HERIE R

i3k — 2 B IE HL 2R LIDAR 3048 F1 RTK 52
BaEny—2rk, /3T LIDAR & =77 H DEM |
PRI RTK S0 A B Ak A 6 17 e AR A, -4 351 i o7
B %) RTK {5 DEM BB 2 Hl 05 &, e 3
FiR, MY RTK 1A, A 5H°H DEM & FE (A .
Herpr, & 3a, b oAy 2023 4F 8 A [R]A:I Y P3 Fl P4
FIHRBOS K, K 3c—f Sy 9 A HERIAEMIE R P1, P2,
P3. P4 Hl s K .

Hi &l 3 AL, BLER LiDAR s 48 ik 2 91 T 8%
T I A B, TR B, i LiDAR J5 &
A P2 Y DEM 5 %) 8 RTK I 5 1 19 15 77 #3525
RMSE<7 cm, H.rf1, P4 i i RMSE $UfEE K, Hy



84 Marine Geology Frontiers ML T 202541 A
g
Og so " 10 150
i ES /m
(a) 2023 4 8 A P3 il a5 20 Hl RTK S5t
10,
i S
0 : T ] : ]
0 50 100 150
5 /m
(b) 2023 4F- 8 J] P4 {HITH 1 =l RTK S A4
10, :
5 """""""" —— """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
0T e ——
0 50 10 150 200
25 /m
B, (¢) 2023 4F 9 F P1 {15 2z Fl RTK S
i 10
T
5 i
é ()1 .................................................. '
E o0 50 100 150 200
i E/m
(d) 2023 4F- 9 J] P2 {HITH i 2 Al RTK S 4
S
() T e S R T
0 50 100 150
i E/m
() 2023 4 9 A P3 il s 2 Al RTK St
O e
e —— O
0 T U B
0 50 100 150

1 5 /m

(2023 4 9 A P4 i 25 2 Al RTK S
E2 #HEAZS RTK LHSESME

Fig.2  Superposition of profile point cloud and RTK (real time kinematic) measured elevation
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Fig.8 Average monthly wind direction, wave direction, and coastal current around the study area
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Dynamic monitoring of beach topography based on
airborne LiDAR and profile data

LIU Wenliangl’z, CHU Hongxianl’z*, FA Hongj ie’, WANG Hongsongl’z,
BAO Kuanlel'z, LI Xiaoyang]’2, LIU Jingqiang]’2
(1 Yantai Center of Coastal Zone Geological Survey, China Geological Survey, Yantai 264004, China; 2 Ministry of Natural Resources Observation and
Research Station of Land-Sea Interaction Field in the Yellow River Estuary, Yantai 264004, China; 3 Marine and Fishery Supervision Brigade of Yantai
Muping District, Yantai 264004, China)

Abstract: The traditional beach monitoring uses profile method cannot obtain the monitoring data of regional
scale, which restricts the study of the terrain change law of beach area. According to the periodic RTK (real time
kinematic) measured profile data and multiple airborne LiDAR (light detection and ranging) data from April 2022
to September 2023, the geomorphic changes of beach in some parts of Jinshan Bay, Yantai City, Shandong, East
China were studied. Results show that the airborne LiDAR technology could quickly obtain the three-dimensional
point cloud information of beach in centimeter-level accuracy, and the amount of sedimentary scouring/siltation
could be estimated based on multi-epoch data. The two-year profile monitoring data showed that the beach
showed a general trend of siltation in the interannual scale, with an annual average siltation rate of ~0.19 m/a.
The seasonal variation of the beach showed that the siltation was smaller under weak dynamic conditions than that
under strong dynamic conditions. The areas above the average high tide line was relatively stable, and those of in-
tertidal zone changed frequently due to wind wave, tidal current, and other factors. The airborne LiDAR data from
four epochs indicate that in the autumn, siltation dominated in the beach, with an average siltation thickness of ~9
cm. Scouring and siltation within the intertidal zone exhibited distinct alternating patterns. The scouring depth and
siltation thickness of the beach on the eastern side of the Hanhe River estuary were larger than those on the west-
ern side, and the estuary bar grew slightly in east-west direction, which narrowed the estuary mouth. Natural
factors such as wind wave, tide, and river were the main dynamic factors shaping the beach and controlling the
evolution of the beach. The seasonal evolution of the beach was affected by extreme weather, and the natural evol-
ution of the beach was affected by human activities to some extents.

Key words: airborne LiDAR (light detection and ranging); RTK (real time kinematic); beach; dynamic monitor-

ing; Jinshan Bay in Yantai City
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