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Fig.1. Flow diagram to illustrate the main steps of our method
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2. REBABKMET FEERBEMNHRERAF.

Fig.2. The location of study area-rubber stands within the CATAS experimental farm, Danzhou city, Hainan Island, China.
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Fig. 3. (a) The initial scanned points of rubber stands (forest plotl, clone PR107). (b) The processed scanned data after

elimination of the altitude difference.
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trees in forest plot 2 (clone CATAS 7-20-59).
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Fig.5. Schematic diagrams show the calculation of the oblique angle of the trunk and the canopy centre. (a) A rubber tree

(represented by point cloud) grows with trunk bending in response to typhoon excitation. The oblique angle of the trunk and the

canopy centre are calculated respectively using our method. (b) The perspective view of the extracted canopy centre points and

spatial information of the trunks for the forest plotl (clone PR107). (c) Equivalent figure for the forest plot 2 (clone CATAS

7-20-59).
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Fig.6. Our results of individual tree canopy delineation. (a) Top view of every canopy centers (forest plotl, clone PR107)

obtained by applying our Watershed and Mean Shift Clustering algorithms for individual tree segment. (b) Equivalent figures
for forest plot 2 (clone CATAS 7-20-59). (c) Top view of results of individual tree canopy delineation for forest plot 1 (left) and
forest plot 2 (right). (d) Lateral view of segment results for forest plot 1 (top) and forest plot 2 (down).

3 ZEE 54T E%E%E(zﬁ)hﬁunk (BRIR) + (5/3) R K FEIR)
K32 GZZ BRI S LK 5 (b)), A M
KRR 7 fros, Herp =AMrid A E S
B, RN ZARI PR R BE AR, e T A
W P PR B A ARAR M 7 5 XU ARt
P

BT, AR S BRSO 1) 43 2 AN
PEEL, FINHTHRAA R T EH T A S B, X
PR B B ARAG R AR 43 1) ESCRE AR o5 5 n ) 50
1720 K m =P s p (efom) DA LG



LA T

ww ® & B5 & ® RBF A an ¥

% N AEE R R RN

 RR REE S RERE R & an sk ab

BORRRE N e R R 0w w ey by

ek d & ow wba g

LRI SRR RN T

kbW

LT AR N Tt IR IR L L e 5 -

- ‘,w A
LI R T T T R R T ae

= A LI N A
140 I T 0 b

\ [ \ [
120
s SRR L b ()T 1/20 DO

F BRI S p

100 80 60

CALL T RE Pt

-

artesndvanigg LR LA P T RS

whoanh he gohnbggnun

(a)

LTI |

al

40 20 0

0 PR o I8 kR FLELAERE S o SO 48

]

-

260 220 200

A BB R RE B RS 1/20 X

Bl 5 m MR T4 p

240

7. FEIMEGRK E R aRREE T EREE.

180

(b)

T ‘ —o

160 140 120

I B RIS b SEETAE ORI LR E R B RO

(a) #KEX 1 (clone PR107)HF BEMEE h BT EB 1/20 XM 2=

1E p AR B EIA BB (2/3) N o (5/3) N A HELHIERE. () HER 2 (clone CATAS 7-20-59)h &HE#t

FSEE h B TR 1/20 KA A S FA9ME p MR BHEMA EAERE (2/3) Ny v (5/3) N SR ALHILRE.

Fig.7. Calculated results showing the inclination level of rubber stands in different forest plots. (a) Best fitting straight lines for

every rubber tree trunk in forest plot 1 (clone PR107) passing through several points which include E (the average point in
the lower twentieth of each tree height) and the fitting points at (2/3)h,,, and (5/3) h,.« heights. (b) Equivalent figure for

the forest plot 2 (clone CATAS 7-20-59).
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Table 1. Accuracy of the retrieved parameters for two forest plots using our method compared with in-situ measurements
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Fig.8. Box plots showing the comparison of canopy breaths and included angles between trunks and branches of two rubber tree

clones in two forest plots. (a) Box plots illustrating the comparison between canopy breaths of two rubber tree clones in different

directions. (b) Box plots illustrating the distributions of the tilt degree « of each trunk and the included angle g between

each trunk and corresponding branch of two rubber tree clones (PR107 and CATAS 7-20-59), respectively.
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Fig.9. Radar charts showing the spatial distribution of leaf points of each rubber tree in two forest plots. (a) Rubber tree clone
PR107 in forest plot 1. (b) Rubber tree clone CATAS 7-20-59 in forest plot 2.
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Fig.10. Using the hemispherical photography to retrieve leaf area index of different forest plots. (a) Three hemisphere photos
taken in the forest plot 1 (clone PR107). (b) Three hemisphere photos taken in the forest plot 2 (clone CATAS 7-20-59). (c) The

retrieval leaf area index from different annulus sectors (representing different zenith angles) in the hemispherical photos.
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Fig.11. Calculating the leaf area density from the scanned points to locate the sections of partial or total defoliation in forest plots.

(a) Top view of the analyzed result of forest plot 1, where red color represents the tree canopies with lower leaf area density

(wind-induced). (b) Equivalent figure of forest plot 2.
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Abstract The light detection and ranging (LIDAR) technique, which has the advantages of high efficiency and high accuracy in
forest survey and is superior to the traditional information acquisition methods, can be used to quickly obtain high-resolution
mapping of morphological structures of forest. In this paper, two rubber forest plots (forest plot 1, clone PR107; forest plot 2,
clone CATAS7-20-59) are taken as the study subjects, which are under the long-term impact of wind-induced disturbance
severity and located in Danzhou city, the largest rubber production base of Hainan Island, China. First, point cloud of the forest
plots through man-loaded mobile LiDAR was collected and Ruili entropy method was designed to process the scanned data for
calculating the slope angle of tree trunk (typhoon-induced) in order to find the canopy centre of each tree. Second, after the
vertical projection of scanned forest points, Watershed and Mean shift algorithm were adopted to realize individual tree canopy
delineation. Finally, many tree parameters, such as crown breadth, Diameter at Breast Height (DBH), crown volume, leaf area
density, leaf distribution and included angle between trunk and main branches, were deduced automatically for analyzing the
impact of typhoon disturbance on the two forest plots. Overall parameters obtained from our methods were compared with
manual field measurements. The calculated average crown diameter in west-east direction of rubber trees in forest plot 1 and
plot 2 using our method were 3.95 m and 3.73 m, respectively, with false rate of 1.74 % for forest plot 1 and 6.27 % for plot 2.
The calculated average crown diameter in north-south direction of rubber trees in forest plot 1 and plot 2 using our method were
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6.47 m and 6.51 m, respectively, with false rate of 4.02 % for forest plot 1 and 2.54 % for plot 2. The calculated average
diameter at breast height (DBH) for forest plot 1 and plot 2 using our method were 5.20 cm and 4.73 cm, respectively, with
false rate of 2.44 % for forest plot 1 and 0.64 % for plot 2. The calculated average crown volume for forest plot 1 and plot 2
using our method were 168.01 m® and 141.80 m?, respectively, with false rate of 0.67 % for forest plot 1 and 0.85 % for plot 2.
The calculated average inclination angle of rubber trunk for forest plot 1 and plot 2 using our method were 18.80°and 13.11<
respectively, with false rate of 5.53 % for forest plot 1 and 7.09 % for plot 2. The calculated average included angle between
trunk and branch for forest plot 1 ranged from 45.21<to 69.23< and the calculated average included angle between trunk and
branch for forest plot 2 ranged from 10.63 to 32.14< The difference in the included angles of two forest plots is nearly 62.63 %.
Meanwhile, the leaf area index (LAI) of forest plot 1 derived from hemispherical photos of various zenith angles is generally
higher than forest plot 2. Compared with the in-situ measurements, the forest parameters from the subsample (scanned data of
150 trees per forest plot) are accurately retrieved using our method with a deviation of less than 8 %. A variety of disturbance,
such as the perspective occlusion caused by closed forest canopies, the error produced by multi-scan registration, vegetative
elements moved by wind during the scanning process, beam divergence and scanning range constraint of the scanner, hampers
the accurate scanned data acquisition and generates computer errors in the algorithm. Meanwhile, the included angle between
trunks and branches, canopy volume and leaf area index of rubber tree clone PR107 (in forest plot 1) are overall higher than the
parameters of rubber tree clone CATAS7-20-59 (in forest plot 2), resulting in the existence of higher vulnerability of clone
PR107 than clone CATAS7-20-59 when wind damage propagation occurs in the forest plots. Thus, our research can be used to
study the effect of wind disturbance on different forest plots and to quantify ecological instability of the forest in response to
wind excitation. Our method makes a contribution to solve the problem of tree canopy delineation and forest parameter retrieval
using man-loaded laser scanning technique, showing promise for further exploration of utilizing mobile terrestrial LIDAR as an
effective tool for the applications in forest survey.

Keywords: Light detection and ranging (LiDAR); Individual tree canopy delineation; forest parameter retrieval; wind damage.



