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Backpack- and UAV-based Laser Scanning Application for Estimating
Overstory and Understory Biomass of Forest Stands
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FTHY golthe A& =FYor AWAQ 4E 2 AREE A5T & %101 %] 2fo|tH(LiDAR, Light Detection and
Ranging)E ©|-83t AH APE 500 Qlrk. & AfolA= & Asks Hloleujs 7o Wy gho]ch(Backpack
Laser Scanning, BPLS)?} =2 2}o]tiUnmanned Aerial Vehicle Laser Scannmg, UAV-LS)E o|&3l= WS 7\1]/\]3}3’_
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Abstract: Forest biomass surveys are regularly conducted to assess and manage forests as carbon sinks. LiDAR (Light
Detection and Ranging), a remote sensing technology, has attracted considerable attention, as it allows for objective
acquisition of forest structure information with minimal labor. In this study, we propose a method for estimating overstory
and understory biomass in forest stands using backpack laser scanning (BPLS) and unmanned aerial vehicle laser scanning
(UAV-LS), and assessed its accuracy. For overstory biomass, we analyzed the accuracy of BPLS and UAV-LS in
estimating diameter at breast height (DBH) and tree height. For understory biomass, we developed a multiple regression
model for estimating understory biomass using the best combination of vertical structure metrics extracted from the
BPLS data. The results indicated that BPLS provided accurate estimations of DBH (R?=0.92), but underestimated tree
height (R*=0.63, bias=-5.56 m), whereas UAV-LS showed strong performance in estimating tree height (R*=0.91). For
understory biomass, metrics representing the mean height of the points and the point density of the fourth layer were
selected to develop the model. The cross-validation result of the understory biomass estimation model showed a coefficient
of determination of 0.68. The study findings suggest that the proposed overstory and understory biomass survey methods
using BPLS and UAV-LS can effectively replace traditional biomass survey methods.

Key words: backpack laser scanning, UAV laser scanning, forest biomass, understory, forest structure
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(Terrestrial Laser Scanning, TLS)®} &--&fo]th(Airbone
Laser Scanning, ALS)2 FLEE T} 2AFe o|th= =3 of
ollAl dlo|AE FASE Aem, g &7\ I
22 50| 2AS 220517 98] F2 ol 4HrkSong
et al., 2021; Li et al., 2021; An and Froese, 2022). ¥
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Figure 2. Upper maps represent study area and plot locations. Four pictures below show forest structure
of each plot.

ZAE Al dE 59 YA EQ JEFS ujA5] (Stephanandra incisa (Thunb.) Zabel), ZZR}2|(Lespedeza
3l 15 m x 15 mQ] A7| & 4322 X A3} HFigure 2). maximowiczii C.K.Schneid.) 59] ¥&E3} 2H o g JLAL]

XA ZAEE 1 m x | m 7|2 2AS] 593 o] Q1%ITH(Table 1).

B 4xe] WREoR SN Al 47 2Tl oAl o] F9E FEORE WS tharshAuHLee ot al,
Z 20712 X AsITE 20229 9Yo] ZAFEL] Al B4 2014; Latifi et al., 2016), AL AR = Zamto] Qo]
o AT AT, QT WP Castanea crenata S 05 ABOE, ofgl 4R, PEF, 2UF Fo

Siebold & Zucc.), AFRYUT(Prunus sargentii Rehder), &3 =0|7} 2 m o|5}Q] HE XA =02 WilslA FLE
AU (Fraxinus rhynchophylla Hance), UEQJZ |5 SF 4= 9ol waEkA] B oA 9B o =
(Larix kaempferi (Lamb.) Carriére) 59 &1} 43t 1} sfxo 2 FLESFYETtKHSong et al., 2021).
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Table 1. Overstory and understory vegetation characteristic of each plot.

Overstory
. . Stem density Mean H Mean DBH
Plot Main species n (stems/ha) (m) (cm)

1 Castanea crenata Siebold & Zucc. 4 177 12.6 344
Prunus sargentii Rehder

2 10 444 114 20
Ginkgo biloba L.
Castanea crenata Siebold & Zucc.

3 7 311 15.1 28.8
Fraxinus rhynchophylla Hance

4 Larix kaempferi (Lamb.) Carriére 9 400 31.7 25.1

Understory
Plot Main species Max H (m)

Stephanandra incisa (Thunb.) Zabel

1 Quercus aliena Blume 1
Quercus serrata Murray

’ Lespedeza maximowiczii C.K.Schneid. 08
Amorpha fruticosa L. ’
Stephanandra incisa (Thunb.) Zabel
Quercus aliena Blume

3 Quercus serrata Murray 2
Aralia elata (Mig.) Seem.
Rubus crataegifolius Bunge
Quercus serrata Murray

4 Quercus dentata Thunb. 13

Pueraria lobata (Willd.) Ohwi
Zanthoxylum schinifolium Siebold & Zucc.
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Figure 3. The trajectory of lidar scanning: (a) the trajectory of BPLS within one plot, (b) the trajectory of UAV-LS
throughout study plots. Red arrow represents the starting point and black arrow represents ending point.
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Figure 4. Lidar data processing procedures for tree structure measurement: (a) lidar scanning (b) plot extraction
and normalization (c) lidar data merge (d) tree segmentation (e) tree segmented BPLS data and UAV-LS data.
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Figure 5. Measuring H and DBH with lidar data: (a) Z value
of the top point was documented as H, (b) the 1.25-1.3m high
section of stem was manually selected and extracted when the
stem is tilted. (c) circle was estimated with extracted points.
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Table 2. Abbreviations and descriptions of 26 vertical metrics
Abbreviations Metrics Description
m mean The mean height of all points
percentile[n]
p.n. (n =1, 10, 20, 30, 40, 50, 60, Height at which n% of points is located
70, 80, 90, 99)
kur kurtosis The kurtosis of the heights of all points
sk skewness Symmetry of heights of all points
sd standard _deviation The standard deviation of heights of all points
dn density[n] With the point cloud data divided into ten layers with the equal height
o (n = 1,2,3,4,5,6,7,8,9,10) interval, these metrics indicate point density of the nth layer from the bottom
aad average_absolute_deviation Average absolute? deviation between the height of each point and average
height of all points
e +— 99%
+— 90%
“«— 10%
«— 1%
(©)

Figure 6. Extracting vertical structure metrics of subplot: (a) RGB picture of one subplot, (b) BPLS data of the subplot for extracting
7

one-out-cross-validation)
St o
Gulx) dolEz mae szl &, Aol skl
s 1
2 20 Shgsto] R°3)

(a) (b)
vertical structure metrics, (¢) the layer numbers indicate BPLS data segmentation by 10 layers to calculate point density of each
layer and percentages indicate percentile height of the points.
of UEEARDS Hesileh. AFFS FLHRR A z 1
ki, 2ol W 2POR HAE ST WSES
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%] 21t o 27| 2481 Aol QLo 1 Aol x| ok
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Figure 7. Results of simple regression analysis of DBH and H: (a) BPLS measured DBH and field measured
DBH, (b) BPLS measured H and field measured H, (¢c) UAV-LS measured H and field measured H. In
all plots, blue line represents fitted line of data, black dotted line represents y=x.

off, BPLS do]E oA &3t
81%)Z BPLS7} 115 w4
q

l 3 5318 o83t B9
£ R%] 0912 BPLSE 0|43t A ¢urt £ 445 B
% o1, RMSES 2.34 m (16.09%), Bias= —1.45 m (-10%)
= BPLSHTH 18 o o8] 2Hske RS AT 4
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2. olEAIM

D) A2 He 250 Ad

27709] W4= 7t moj& ARAE B4 23, BE
FATFE WL Za 1)) o]4e] e AR Bae)
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(Figure 8). mean, percentile[n] HLE7F A2 =& AT

Figure 8. Pearson correlation coefficient between understory
biomass and 26 metrics. Red represents a negative correlation
coefficient and blue represents a positive correlation. UB means
understory biomass measured in the field survey. Full names
and descriptions of the metrics can be found in Table 2.
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Figure 9. LOOCYV result of understory bioamass estimation
model. Black dots represent field measured biomass and
estimated biomass with developed model. Blue line represents
fitted line of data, black dotted line represents y=x.

A7 Uehdom, 1% meano] 315 ol er 2t g 2
A IS E S th(Pearson’s correlation r = 0.85). density
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Gt BhE ol enl 2ok S0 ARBAS B L]
Hes 25 o AUAE H 3 th(Figure 8; Table 2).

SHFE We 7 ABWAV 2 WeE AR AT
mean, density[1], density[2], density[4], kurtosis®] & 57}
¥ AEE gl o] MAER WS 4 Qe BE 2%
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AE R¥gko] 07602 7P Etch

2) 3% Hlolenjz #3 BEa AR
mean3} density[4]2 SR WS o] §3te] kel ch
s 7lmao] WAL b 543 2k

Understory biomass = 331.04 X mean+ (6)
251.56 X density[4] — 25.41

LOOCVE =33t A3} R*E 0.68, RMSEE 31.68 g 0.2
LRt th(Figure 9). 19712] o= ak5%H F 20719
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