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B OE: NI AT, RSO 5L (backpack laser scanning, BLS) $EHUS S T IFA N T4
PR PR, 25 SRR BLS A= H0E 5 SeiBdE T ILE KA B 98.5%, Son M E MR . A 5dE 59zl
4% 1) RMSE %5 A 0.924, R*¥J7E 0.9 L 1, R H BRI A S 552k 5 9 RMSE %1158 2.067 , R* )1
0.650 LA b, FHOEMHEET; 5 S0 i RMSE %ME N 0.376, R* 7 0.8 BA b, AHOCHERMR, MBS, — kA
R B 1) 2 B TR U DT R B (R? = 0.528, RMSE=0.718, MAE=0.580, MAPE=0.157), 5| AR PHIME. &
13 BN 2 WK T3 R W TR AR 2 A RS 08 0 35 SR TR AP S A IO A B o 25 FE R A S BE AL R IR VR A 5K RS A T 25 SR
BT (R2 =0.655, RMSE=0.620, MAE=0.484, MAPE=0.130). %i LFTiR, 454 BLS 730 5 i i A5 44 s el i 1 )
WA B —E WAl 470, AT AR BLS @Bl 2
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RS PRV B U5 2 AT FE AR G 8 AT 2

iEE=R  SIATO RN -3 b 5 % N Bei S 7 | 43
AL T REAERS . WOl T IEHARAE A — Fhm i )
FB i ) B AR AR RSO IR O E 5, R
UERERA R H AR = 4E 73 [BA5 B, AT S A R 1t
IRERIIE . HLEIHOEEIA (airborne laser scanning, ALS)
M FL 6 B 1A (terrestrial laser scanning, TLS) 7EAR V.
Hr R AR T, gt R A TLS 250 7 AT
PRI AR B A% . 3K AE A R ALS X RS
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FLAR TN AR AR IEAT A R TR AL AR 2 R
FH ML B0 B 1 SR R RS 5 A R i Al B Aty
M B H AT ALS Fl TLS 7EAO & F& Ef R A+ 4%
B, {H ALS A TLS R BYEK, AR TH540, FHZ 3
B HH L.

M5 B 2046 F 1A (backpack laser scanning, BLS) 1
9 —MrRT AT ) B IA BRI AR 1AOE I Bk 2 B AT RS,
AL R EAE 2407 1n) B AT S SRR b = 4545 2,
RigTEsR, Z#(E, HiTCA Y& BLS Rk THA
DR BB . A 78 0T g 1 SO TR TR I 5 R
RIRMZ I BLS $HE I 52 MR I A2 AR e 55 Szl 300 H
AIRF RN TR 45w BLS XH& A A
AR R N CARBEAT BRI T3 L, KB = 52 U
o 5 MEAR B RS . W AR TR ER S,
BLS 228 T I A AR e S SURIE 7, i o T e i
R B DA K ) 2 s 5 0 s AT A B ) B 9 A
XD, ARWFFELL BLS f oz 3 5 STl o AR 45 G i g
Y NERAR 7oA FR UM RS

A& G (1) 565 1 T A5 5 o DA A28 D 1B A B oAl Tt
Ja XN T HAth SRR 5 R o3 R, A G i) ek i A 1Y
W NS F 2 A B Ak, P2 g xR, (H
REARSEpRA I R Y, TR NSRS X 8 ]
Tl —MAEL MRS R, T ORI W] Be A7 AE 5 AH
RN S 7 2 ) 1a) Lo TV RS ABE AR — P, 5 [ 5 2K
LRI RERL RN AR, 7 B 7 ZE A5 R RE SR A I
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MAN [ ok 5 50 B 0 et T S RS ) S ol PR AT AR S 1
% P o R KM K A L A AT A, B
P LR D BT A0 A J 7 P N AR AR P T 5 2 A
R, G5 SRR AR L M TR 5 RO el 1 FOU 00 4SS 70 L S i A 7Y
WA R0 AR B AT . B R D R T AR TR T AR
KA R N TAREEAT 73BT, 25 18 BRE AT X 0
(IS, DARE AN X 21 D Bl LA N A S 1 9 AR R
AR RN, 25 R BRGS0 T 5
R o A 55 450 S B A0 A M IR ACHEAT 40T,
L ST i HORIRE 3t A1 D B ATL 80 A S P K R AR 2R 1 TR
AR, ZERUE R T R A .

- TGURTT T3 W T8 5 RO ASE TR AR Xt T oAt D7 R AT LA
AR 73 B BdfE O 25 PR TS, DR AT T i %
BT BLS s BRI N LR RE R S RS A A T e i o

1 HRXEASHERE

1.1 #HAREXER

W XA T BRVLEEARTT SRR KM (130032~
130°52'E, 46°20'~46°30'N, ULIE 1), ZMIHHA T 58k
75 B AR Bk, MR ACONAR L B RR, MRS LE, T EE
10°~20°2 [ .

* FEHbALAR 25 Coordinate points of the sample plot
2K X M%) Mengjiagang forest farm

0153 6 9 12

[ = km

B 1 AR RSmILE
Fig.1 Overview of the study area

MR, PORAS, 8 T AR M ORRE M 2 A .
ABIEA TR, HFRERE, EFONEZNELTE.
e i B Fi v AT A 35.6 °C, IRARF] #2347 °C. 41
¥R =10 °C, BN 2547 °C, FFHBEKEN
550 mm. FRME DR 81.7%, ANTHE =2z, KA
W =02 —, HFEENF LR (Pinus koraiensis)
WS (Larix olgensis) « 1 ¥ (Pinus sylvestris) Hl
=% (Picea asperata) J9=E W1 4 Bl N AR DA A
(Betula platyphylla) . M ( Betula davuria) « ¥ #
(Quercus mongolica) « 1% (Populus davidiana) « 7K

BBk Mk C Juglans

B M) C Fraxinus mandshurica) -

mandshurica) « B % (Phellodendron amurense) 5K
SRR ol o
1.2 HIERE
12,1 ZEnsaEe R E

TE 2 2% B Mg N LR ARG 12 BRI /N T 5°9F:
23 A% 5 FIFE L AT SE A Ay, Hodr 7 580 9 SRR
A 0.09 hm®, HARTHAN 0.06 hm®. i 50 m 57 )L
AL, R IR R, R R ) e 98 A W A AT AR
R, WHEAHERZE (D, em) BE (H,m) . g
(Cyp, m) ZERF T FEHLSZINE B W 1 iR,

F1 HSER

Table 1  Actual measurement data of sample sites
RN ¥
s PR g S ef Diemeter fE iR
Tree height/ Crown breast height/ Forest Altitude/
Number trees per .
m width/m cm age m
hectare/tree
1 483 14.8 5.7 25.1 41 2559
2 683 14.8 5.1 23.9 40 2425
3 783 133 43 21.3 37 237.1
4 567 15.4 4.7 24.9 47 257.0
5 500 14.4 5.6 27.2 37 247.0
6 1183 16.6 34 21.2 46 228.0
7 1078 17.9 39 21.6 44 201.5
8 1367 12.0 33 17.5 38 233.0
9 844 13.6 43 22.8 40 262.8
10 883 14.2 4.6 22.5 39 260.5
11 1167 11.8 45 19.1 37 194.6
12 1033 14.3 4.1 19.3 32 222.6

122 LZ=#E\HRE

AXKALEH TR EREAGRAAGEDN
LiBackpack 50 #5606 R KA TR, B0
VLP16 1 % %%, LiDAR K J¥+3cm, FEEH MM N-15~
15°, FAVEHE] 100 mo 78R H 16 O 5 18 0 RE gk
ITHRE, WRIEFEHE BRI (B 2), 6. 7. 8.
11 A1 12 SR A I 2b THRIEE 2R, H AR A A 2a
TR 2L

® ©)
® @ ®
® Q ® ®
@ ©) @)
@ @
a. WLk b. FAERL

a. Sparse route b. Dense route

1 O~@FRATEB LT .
Note: @D to @ indicate the order of the walking route.

B2 H&iamAE

Fig.2 Sample line scanning map

2 HRFAE

AHEFEAE A TS R O A SRR R AR . B e A
L, IF R S B O SR RS B, R R T R B
HE b N TR el i B R . AwE ST iR B a1 3
Btz o
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Fig.3 Research flow chart

2.1 BHIEALE

FEAE A BLS X FEHUBEAT 4, JERFARXT S (nk
TR SN B 240D P A i s B 2 O R
X LG fUR] REAE A2 B HO TR A U — A R T 3 i T
MIHIWTE R . R A s B R HERR I, ASHIEFE R
LiDAR360 B fF Xt il 2 B AT e Ab B, DUA R B
KLY AL, T e B A PH A A AT SE A

TR TR AR, N T BR B SRS H
SEHUE I FZM, AT FE S M ot Bt s =
M JE y% 5 5 (improved progressive TIN densification,
IPTD) 70 R il il ORI B v R 48 B B0k

(digital elevation model, DEM) #4174 —4{bAb#E . i@
HH—A, AT DR Rz EdE 1 v R R U R B AR — U
TOEEIN, T BRHIE AR B e, e B dE S
AT G B2 A AAL 3
22 BARSE

AR 5T iz X S0 K 5 R ) A 45 A 7 Tk
(point cloud segmentation, PCS), X 55 2 F s i2F 474 41
VAR 738 o 1SRV I I PR N 23 AT I A 25 2 1) PR A X6 R
B, RHER S AT B R, AT S I R B R Sy
o B/, ERThIEE RS SEARARKT A, Bl
DD R AT XSG A, KA ELPE B N T TR BRI AE Y AU
TR — B, TR H R Y RO HERRE AL, D4
WA, F)5, TERIR =k DO I & S EN T —
PREARBIT A, b R AT, MsEHRE— 5%, &
ZERIURE B SRR I B 2 AR = (2
2.3 BRITA

AH TR K RTK A BIE AL, BLS At FAAFR
. FrLUCR A H AT B B 77 20k 1 A RO B I8 R
53 F) 25 B5 Sl R S A A B AT VLA
24 moiRBUEEITEMN

BLR 2 BB UK BEAE A 3 5 AR R Z (root mean
squared error, RMSE) fl & & & % (coefficient of
determination, R*) PIMEARBHT IR
2.5 AL EREFUNIRE R E
2.5.1 AR e

) SCHRIG R 7T i Y 8 MR- i A A (58 2)
Ve N FE Rl 2 e A 224 i N 40 s 05 2 B0 ot 463
R AT I AR5, A 2 B G A 00 RO A I ) B A
VE R

*2 EMRANERN
Table 2 Basic functions fitting statistics

—= — — —
14 Model #1A3 Expression Réu EELSD Flmng}iﬁz — M:ﬁ;?iﬁ% Vahdatlor;v[ dAa;fE/m
M Linear Cw =a+bDgy 0.527 0.720 0.582 0.158
%L Power Cy =aD, 0.525 0.720 0.581 0.157
Y Quadratic Cw =a+bDgy +cDyy, 0.528 0.718 0.580 0.157
X7 Logarithmic Cw =aln(Dpn) +b 0.490 0.747 0.578 0.158
R Logistic Cw =a/(1+b(~cDgpp)) 0.526 0.720 0.590 0.159
5407 Exponential CW = qePsH 0.528 0.718 0.585 0.158
SEH 3R /R Hossfeld Cw = (Dgn/(a+bDgp))? 0.514 0.730 0.578 0.156
TR R Power(intercept) Cw =aD}, +c 0.529 0.718 0.585 0.158

HE: CwREEIE, m: DpnfREMR, om: av by o ABTHISH: R NI IE REL

Note: Cy, represents crown width, m; Dy, represents breast height diameter, cm; a, b, and ¢ are model parameters in the table; R} is adjust the coefficient of determination.

252 R e E

FERAE KRR, B TR M H AN A A 32 21 i 42 1)
s, s AN R . Rk, D TR S A T
FERE, A FE S 3000 7 72 5] N oAt R R 7 bk 4 IR 7
SRS SRR, A FUE I SPSS 4T M O M 4
W, HBRESABEZARILLME, @il R E S BE5E
AR R, ST ERKET (VIF) KT 5% E,
T 2 T A B N S RS AR Fg el | SURRARY

253 AFERMRAB AR M E
A HAE g I8 L2550 ) J Al 28 1 214 T M Ve 5 2830
PR, BKCPAEZR TR A RN A R
Yij :f(¢ij’vij)+eij’i: l’ ’M’j: 1’ N
¢ij = AiB+ Bijb;
e,»j’\’N(O, O—ZR,-)
R = °GY TG
R,y SR S R R ORI, MOy

(D
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AN no2 2 iRE L A AR S, fREA SN E
¢, AR B A Bv,; AR ME RS B (px1) 4E[H E 3L
RifF &, b (px1) 4EFENLESIAE: Ay Al By, 73 58
BRb [ BETHH R e NRZET; o RRETZE, RN
FERL S AT J7 Z5-Ph 07 256 R G, ARFR T 22 e I %k ) %o
FRERE; I AR PR Z RS54
254 AT dri@RniER a4 5 A

AT 58K FH BE HLAHRE P 7 300t e s Tl A 72 3k 47 A
5, I PENARRRI T RIRZE (RMSE) P4 7
7Z (MAB) . “F¥4XH 7 iR ZE (MAPE) %
SERE (R ST FAG 50 UR HEAT PR 2,

3 GRS

30 MERSREEUEE
BLS 5z By $2 BURS B K R UL R 45 SR U 3 Fiows
*3 AoHIERIEE

Table 3 Point cloud data extraction accuracy

Fedh UNiES R RMSE

Plot Matchingrate/% H  Cyp Dpy H/m Cy/m Dyy/lem
1 100 0.698 0.868 0.946 2.147 0.374 0.591
2 100 0.712 0.861 0.916 2.254 0.367 1.134
3 100 0.740 0.888 0.904 1.454 0.341 0.914
4 100 0.718 0.859 0.951 2.412 0.415 0.838
5 100 0.720 0.873 0.962 2.039 0.423 0.866
6 97.2 0.660 0.822 0.933 3.127 0.381 1.214
7 99.0 0.650 0.817 0.953 3.216 0.325 1.222
8 96.3 0.730 0.837 0.973 1.401 0.318 0.879
9 97.3 0.740 0.883 0.945 1.466 0.424 0.883
10 98.1 0.693 0.857 0.955 2.097 0.421 0.914
11 97.0 0.730 0.855 0.953 1.142 0.321 0.885
12 96.7 0.670 0.834 0.931 2.045 0.401 0.745

M Average value 98.5 0.705 0.855 0.943 2.067 0.376 0.924

e R H AR, m.

Note: H represents tree height, m

FHEE 3 A%, FET BLS B m 2= £ds 5 szl £ VT e
RO, BLS sz B8 5 ST £ 4 ~F 35 VT e 26 0k 2|
98.5%. MBS 5% Y RMSE ¥{E 8 0.924, R®
WP 0.9 UL b, R ESRIIH N 5900 &1
RMSE %14 2.067 , R* ¥I7E 0.650 LA L, A5 55,
555 b & RMSE #1188 0.376, R* ¥17E 0.8 UL |,
AR 98 . BLS X T M 42 AR & i 4 kS P e v, 1
XA R RS A . A FE R % T BLS 42
EI (14 i 425 R0 s st 2 000 5 000 A v B A AR A A
T8 MR TR AL 7Y
3.2 BMATANEIRETUER
32,1 ALK AAER

8 ANFEAHAE AL (LA AR I AR WK 2 fio, ik
15 R ) 0L 6 A 56 R R B i (R3=0.528, RMSE=0.718,
MAE=0.580, MAPE=0.157), B} 7%k £ — K T p Y
TEREAR AR (X (2)), B WT:

CW=a+bDBH+CD129H (2)

322 AR SRR

SPSS ARG /AT 45 RN 3% 4 Pz, B3R 4 T A15eE
(Cy) 5k H SMHAR AR B 7 2 B, @i R
1 I step PR EION T 146 P 4% 148 B HEAT B [l ORI 55
VIF i, 5IF& VIF KT 5 K& &, RAEE Hyw DM
By MINFERIRR 2 i) SORER, BT dn T

CW:a+dHD+(b+fBAL)DBH+(C+8Dg)D§3H (3

K d. e Ml FABTIZHL.

F4 EXMD

Table 4 Correlation analysis

A% Relevance Cy H Dyy H, Ry D, R, Doy S, B,
CW 1
H 0.148%** 1
Dy 0.717%+* 0.417%* 1
H, —0.628%*  0.204%*  —(.745%* 1
H, 0.02 0.706** 0.300%* 0.144%*
Ry 0.193%** 0.703** 0.306** 0.123%* 1
D, 0.468** 0.369%** 0.573%%  —0.322%%  (.523%* 0 1
Ry 0.539** 0.255%* 0.812%%  —0.699%* 0.385%* 0 1
Dpou 0.228%* 0.444%%* 0.470%*%  —0.138**  0.620%* 0 0.819%* 0 1
Sp —0.534%*%  —0.132%*  —0.502%*  0.420%*  —0.187** 0 —0.875%* 0 —0.485%* 1
B, —0.622%* -0.07 —0.755%*%  0.699%* 0.205%*%  —0.318*%*  —0.047  —0.875%*  0.138**  0.211%* 1
Bs —0.297%*%  0.454%* -0.019 0.308** 0.643%* 0 -0.032 0 0.405%%  0.477%%  0.363%*

TE: Frfoes JURE 001 Z03 R, AIRMERE. H, REFAL, mom™s H AREKSTYIME, m: R, REMNE; D AEMSTLINIE, om: R, RFAIN
s Dpou IREMHATHME, om; S, RFMPEE, Hrobm™; B, (REFATR TS EAREBITHRZA, m*hm?; B RES AT BT Z A, m*hm .

Note:** in the table indicates significant correlation at the 0.01 level (double tailed).H), stands for aspect ratio, m-em s

H, represents the average tree height of the forest

stand, m; R, represents relative height; D, represents the average diameter at breast height of the forest stand, cm; R), represents the relative diameter; D), represents the
average diameter at breast height of dominant trees, cm; S, represents stand density, ‘hm%; By, represents the sum of the cross-sectional areas greater than the height of the
object's wood chest per hectare, m*hm?; Bg represents the sum of breast height and basal area per hectare of forest stand, m*hm ™

323 JMHEA LA M IRA TR TNIREA

DARE AR 9 BE LR AR I 2 RS RY R 6 NS4
b, it 63 ML AR, Wik S Frn Ui inE S5 b i
R T I R S B 1F ( AIC=1007.43 , BIC=1041.31) .
MR A BN AER (R () AR BB
HAERERTE, FELERESZNVAATRET T 11.68%,
RMSE [#IK T 7.32% (% 6). HAERUIF:

x5 TREMENHNSHENEER

Table 5 Fit different random effect parameters

FEHLAN 2% Random effect parameters AIC BIC LL
b 1007.43 1041.31 —495.715
a, f 1008.41 1050.75 —494.201
b, ¢, d 1017.03 1072.08 —495.513

W AIC RIS RAEN, BIC AR UM H7(5 BAE,  LL ARE X EUSRE
Note: AIC represents the Akaike Information Criterion, BIC represents the Bayesian
Information Criterion, and LL stands for the Log-Likelihood value.
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RESORSE: FT BLS ¥z i N 200 el g T A5s 24 ) 7 183

CW:[l+dHD+(b+/l+fBAL)DBH+(C+6Dg)D%;‘H 4

A BENL SN S 4
3.3 RERAREERSITMN

SRR (X (). JTER (K (3)) M
L IR A BN (R (4)) DRI ERE K
FEHRR2. RMSE. MAE #l MAPE. M\ % 6 AJ LLFE ™ X
BBV TR A, HRAZE T 11.15%, RMSE K
T 6.7%. ARLMEIREGBNER (KX 4) MERKIER
T HAMAE RS ((R,*=0.655, RMSE=0.620, MAE=0.484,
MAPE= 0.130)) . VAT A iy 15 25 RO AR b, Bk 22
NIRRT 2 (K 4D, RILAELR T 1R & 2w
R FR 22 BUR A B A A AL AR v B8], RIS 3 /M
RS o A e B AR AL, WA B R0 R 0T 2 A g
DR A 75 2V ok 5 1 22

F 6 REBHMEITSILITEMN

Table 6 Model parameter estimation and comparative evaluation

" ; FL A N . ;
. pmsn TR g pamranm
. Model Generalized Nonlinear mixed effect
Project Base
) parameter mode model
model
a 1.1656 1.5496 0.8745
[&] 5 % v S 5 b 0.1077 0.2821 0.1613
Fixed effect c 0.0014 —-0.0107 —0.0019
parameters d —0.663 6 -0.0204
e 0.0003 0.000 1
f —0.0019 —0.000 2
. o 0.0002
V;jce o? 0.488 6 04115 0.3848
R2 0.5282 0.5871 0.6557
ALK AIC 1116.69 1051.66 1007.43
Ij%t'n %*E BIC 1133.63 1081.30 1041.31
ttting data RMSE 07175  0.6692 0.620
oI HE MAE 05803 05016 0.484
Validation data MAPE  0.1571 0.1364 0.130

e ol NMENURR T 22, o SR ZETT 75

Note: o‘ﬁ is the variance of the random effect, o is the residual variance.

3 4
. ; .
£ £
= 1 = ° °
2, = s
S g ol o ..’
W -1 b 4 o
=2 = ™
-3 -3
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
C,, THHH C, Predictive value/m C, Fii{E C,, Predictive value/m
a. FEAHRAY b. [ A

a. Base model b. Generalized model

5% #Residual/m

1 2 3 4 5 6 7 8
C,, TME C, Predictive value/m
c. ARERIETR & AN AR Y
c¢. Nonlinear mixed effect model
B4 ARRKEH
Fig.4 Model residual diagram

3.4 TERTFIERHNAZNE
Ny A A R DR 0 T e R 0 A AR N £ R i

AT U FH VR 5 2008 [ 5 28808 948 43 ML A 2 IR 7 o ek
TR IS o 2 PN AR B T OB I E . RRAR
B AL B FU B Y R, BOR G T3 A A2 8 PR 0 41
A ek i T B P, sl s iR, €y 5 Hp R B, B
MK, 5D, RIEMIK. Hrh B, Al D, % L0 5 i 500
BRI RE A e K, BEE IR K, By, A1 D, 12 57
AR AR, B ASER FU0 £ 5 7 10 R AR

4.5 45
4.0 2 4.0
35 35
£ 30 st B30 / -
o 22 T Hy=035 mem 'Y 22 7B =10 mhm?
E 2.0 e = 2.0 g AL
B 15} o Hy07meem 5 gl A ~ B,,=20 m*hm2
‘ 1.0 rs -+ H,=1.05m-cm™' 1.0 + B,=30 m>hm>
0.5 ~ Hy=l.4m-cm’ 0.5 ~ B,;=40 m>hm

0246 8101214161820
B 42Dy, /em
a. H Xt el i T A 52
a. The influence of H,, on
crown width prediction

0246 8101214161820
Fi4ZE Dy, lem
b. B, Xt e R TR 5 i
b. The influence of B,; on
crown width prediction

FEMECy/m

0
0246 8101214161820
W42 Dy cm
c. D SRR T ¥ 5 1)
c. The influence of D, on
crown width prediction

B'5S H, B, A= D, s EH@Tm 643
Fig.5 The Influence of Hj, B, and D, on crown width prediction

4 T
4.1 BEXHATXRIUEE

AHF TR BLS X 5K Ak 12 Beresh ik AT 314,
PEMCR SRR 7, Aok i 428 R B e vy, LR
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Constructing a crown width prediction model for Pinus koraiensi using
BLS data

KANG Yilong! , JIA Weiwei?* , WANG Fan' , LIU Qifeng® , ZHU Wancai®

(1. School of Forestry, Northeast Forestry University, Harbin 150040, China; 2. Key Laboratory of Sustainable Forest Ecosystem
Management, Ministry of Education, Northeast Forestry University, Harbin 150040, China; 3. Heilongjiang Forestry Science Research
Institute, Harbin 150081, China)

Abstract: Backpack Laser Scanning (BLS), as a portable new laser radar technology, has been rarely applied in forestry
surveys. This study aims to extract the individual tree factors and crown width of Pinus koraiensis using BLS. A crown width
prediction model was then established using BLS data. 12 sample plots of Pinus koraiensis plantations were selected in
Mengjiagang Forest Farm, Jiamusi City, Heilongjiang Province. Backpack laser scanning was utilized to acquire the point
cloud data from these plots. The preprocessing steps included denoising, ground point normalization, and single tree
segmentation. The processed point cloud data was then registered with the actual field measurements for the individual tree
matching. Parameters of each single tree were extracted to calculate their extraction accuracies. A prediction model was then
constructed for the crown width of Korean pine using extracted parameters. Eight commonly used crown width prediction
models were evaluated to determine the best-performing as the basic model. Furthermore, a generalized model was obtained to
incorporate the stand and single tree factors. Additionally, a nonlinear mixed prediction model was constructed for the crown
width to consider the random effects at the plot level, particularly for the artificially cultivated Korean pine. The point cloud
data from the backpack laser scanning was matched well with the actual field data, with an average matching rate of 98.5%.
The accuracies of extraction were 0.964, 0.871, and 0.928 for the breast height diameter, tree height, and crown width,
respectively. The extracted parameters of the point cloud showed significant correlations with the measured ones. The
correlation coefficient (R?) between point cloud-extracted and field-measured breast height diameter was above 0.9
(0.904~0.973). The R? between extracted and measured tree height was above 0.650 (0.650~0.740). The R’ between extracted
and measured crown width was above 0.8 (0.817~0.888). A quadratic function-based model was provided for the best fitting
and prediction (R=0.528, RMSE = 0.718, MAE = 0.580 , and MAPE = 0.157). Stand mean diameter was introduced into the
quadratic model at breast height, height-diameter ratio, and the total basal area per hectare of trees larger than the subject tree.
The R;was improved by 11.15%, whereas, the RMSE was reduced by 6.731%. A better performance was achieved in the
mixed-effects model with sample plots as a random effect, compared with the basic model. The accuracies were ranked in the
descending order of the nonlinear mixed model (Riz 0.655, RMSE = 0.620, MAE = 0.484, and MAPE = 0.130), generalized
model (R, = 0.578, RMSE = 0.669, MAE = 0.501, and MAPE = 0.136), and basic model (R, = 0.528, RMSE = 0.717, MAE =
0.580, and MAPE = 0.157). Backpack laser scanning shared better scanning effects on the breast height diameter, crown width,
and tree height. The crown width prediction model with point cloud data can be expected to effectively predict the crown width
of Pinus koraiensis. Point cloud data can be combined with field measurements to assist in forestry surveys using backpack
laser scanning. The BLS can also be applied in dense forest stands and forestry surveys.

Keywords: laser radar; point cloud; Pinus koraiensis; crown-width; nonlinear mixed effects model.
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