HATHEE2W d = % I x % 2 R Vol. 47, No. 2
2025 4E 2 A JOURNAL OF BEIJING FORESTRY UNIVERSITY Feb., 2025

DOI:10.12171/1.1000—1522.20240185

ETEANNHEAEZRZBEEEANNESE

E% A 1,23 ﬂ L|J§1,2,3 ;‘(]J 4#1,2,3 7;”5)52_%1’2’3 ;‘(IJ EEI,Z %ﬁ 5%—_};21,2
L. A E AR R AT 7 B RS BT FUIT, BT 1000915 2. FE SR AN 5 J5UR AR R -5 45 B R B A SE8 , JE 5T 1000915
3. TR AT AR AR 2 R G [ SR LI FE i, TR JT 524448)

FHE: (B TR LAY T XS, Pl SR AR 55 B 5 B, N A PP AG 2 R A e R A
B5%, [FHEIU) RABLTTAPEIE Sk 5 7L X, FIH 40 SR8 AHLBOE T R H0s A oAk OB, DAjvE &
B R ¥ 75 R R 72 (RMSE)FI G SRS BE (E D VP FE A%, LU 28 — [ 9% LG B B B (FRRMD . 4 3 51 % L 451 452 7Y
CARRMD ., Jik o [ 394 5 F&F B 451 45 28 (PRIRMOD AL 2 15 A 28 ( CHIMD 4 P ABS 700 Ay B0 41 A PR 788 25 P58 ARS8 o 20 BT R St 2T
IR VE S WOt s B P i P AR AR o 5 2 R FE A SR I R R, R TUR 2 e v PR ASE A0 BT 0 [X £ W 5 B,
17 (A o (45 5R JCDFRRM AR B AL B (10 21 W AR 7 25 FE RS 2 f i (R* = 0.970 1, RMSE = 0.032 5, Ey=93.01%), {5
RERN, FEMEAL 1.04%; H KN ARRM B (R? = 0.977 4, RMSE = 0.033 6, E, = 92.58%)Fll CHM 7 (R*= 0.945 0,
RMSE = 0.044 0, E, = 90.54%); PRIRM % (R*= 0.950 9, RMSE = 0.061 0, E, = 88.17% i ¥ & 5 /it . (2)PRIRM #%
Y[ 45 50 s Ay, HL Al B 2 5 7 5 R R o B R AIE A 48 B R 3 47UME 0% FRRML, ARRM F1 CHM B2 1) ik B0 22
5% 5 A BN . GOBORFIERFEBURME TR, 3 m S K /N & A i 5 X 55 2 T B T .
(2530 14 s 704 ik S50 200 PR 55 P82 (0 RS P2 35058 vr, vk FRRME ASE Y P 0KE R e v, 45 SR AT E, AT 904 3k B DA AR 1 B
SRS IE IR ASTR
XEIA: EANBOCEIE: Sz B IREN: 2R B
FESHES: S771.8 NEFER: A XEHS: 1000-1522(2025)02—-0143-09
SIS Tk, B, XM, 25 BT EANEOCTE L S =B AT E S U], Jbaitkolk K2 223R, 2025,
47(2): 143—151. Wang Xinmiao, Zhao Feng, Liu Hua, et al. Estimating mangrove forest coverage based on unmanned aerial

vehicle (UAV) LiDAR point cloud data[J]. Journal of Beijing Forestry University, 2025, 47(2): 143-151.

Estimating mangrove forest coverage based on unmanned aerial vehicle (UAYV)
LiDAR point cloud data

Wang Xinmiao'*’ Zhao Feng'*’ Liu Hua'*’ Ling Chengxing'*’ Liu Xia'? Zeng Haowei'’
(1. Institute of Resource Information, Chinese Academy of Forestry, Beijing 100091, China;
2. Key Laboratory of Forestry Remote Sensing and Information Technology, National Forestry and
Grassland Administration, Beijing 100091, China;
3. Zhanjiang National Research Station for Mangrove Wetland Ecosystem, Zhanjiang 524448, Guangdong, China)

Abstract: [Objective] This paper aims to quickly and accurately obtain mangrove fractional canopy
coverage based on unmanned aerial vehicle (UAV) LiDAR data, which would provide important reference
for evaluating the effectiveness of mangrove ecological restoration. [Method] The location of this research
is on Lingtou Island in Taiping Town, Zhanjiang City of Guangdong Province, southern China. Based on
ULS data and ground field data of 40 sample plots, linear regression was used to fit the measured and
estimated fractional coverage of mangrove, and the determination coefficient (R?), root mean square error
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(RMSE) and estimation accuracy (E,) were calculated. The estimation accuracies of mangrove fractional
coverage through four different algorithms based on the first return proportionality model (FRRM), the all
return proportionality model (ARRM), pulse return intensity proportionality model (PRIRM), and canopy
height model (CHM) were compared. The correlations between sample site fractional coverage, sample site
laser point cloud density, sample site LiDAR height characteristic variable and fractional coverage
estimation error were analyzed. Finally, the optimal coverage estimation model with the best accuracy was
selected to estimate mangrove coverage in the study area, and mapping was carried out. [Result] (1) The
estimation accuracy of mangrove fractional coverage based on FRRM model was the highest (R* = 0.970 1,
RMSE =0.032 5, E5 = 93.01%), and the estimation error was the lowest with an average underestimation of
1.04%. The second was the algorithm based on ARRM model (R’ = 0.977 4, RMSE= 0.033 6, E, =
92.58%), the third was the algorithm based on CHM model (R* = 0.945 0, RMSE = 0.044 0, E, = 90.54%),
and the accuracy of PRIRM model was the lowest (R* = 0.950 9, RMSE = 0.061 0, E, = 88.17%). (2) The
estimation errors of PRIRM model were significantly negatively correlated with both coverage and height
characterization variables, and were generally overestimated. Meanwhile, there was no significant
correlation between sample site fractional coverage and estimation error of algorithm based on FRRM,
ARRM and CHM models. (3) The results of LIDAR sampling sensitivity analysis showed that a raster size
of 3 m was most suitable as a raster unit for mapping the coverage of the study area. [Conclusion] The
estimation accuracy of mangrove fractional coverage based on the four models is high, and the estimation
accuracy of fractional coverage based on FRRM model could be the highest, the estimation results are
reliable, which can provide support for the scientific management and ecological restoration of mangrove
forests on Lingtou Island, Guangdong Province of southern China.
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Fig. 2 Visual interpretation of mangrove covering area
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