405 51 ok TR Vol. 40 No. 1
2024 4F 1 H FOREST ENGINEERING Jan. ,2024

doi:10. 3969/j. issn. 1006—-8023. 2024. 01. 004

EThEFSEHEBREIM AIHES K TEREMSEE

X B, T
AL A Mﬁ%l&%,fﬁﬁiﬁ/@,uT%ﬁ%‘gﬁ AT A 5 AR 150040)

# B XMW %Ot E 1 (Terrestrial Laser Scanning, TLS) 494 10 3 A T4 AR AT 45 B B9 248, 5 Lo & B AE 4 4 4,
MMM E R EEE KTETEEA S ERE T AER HAETRI PB4, S48, ANFEBN S ARG HEBEA F %
BHMABRRFE 2 MEAE N B L TR SRR, REEAS M TE LA+ 14%&@%{%%,%&&%
REBWHEAFEY XA ZHBSBRMFERTERAN T EERLEHF (Ko FHNE Kol ER ALK HE A
FHEEREHERFHG)RNEMER HBENEBZRERTNEREIRTEHEHEE, #Eﬂéﬁﬁfzzi%éw aﬁz%%m%
MEAREA, FEUMEHEHEAE HTE4 LA SEME 4R ERA PN WL, B LR 724, A3 FHXE
J3 (Seemingly Unrelated Regression Estimation, SVR 3 SURE) , RAE M &M E 5 4 4 4 %L%}%ﬁﬁ%mﬁﬁéﬂ IF %t Bk 3L 7 A2
AIATIEN, RAGFEE %aﬂtﬂfzﬂiéﬂi‘ﬁ%%mﬁ B R B R*=0.896,3 7 12 Z RMSE=0. 612 m; % 77 £ 4 7 & &
T & ,R*=0.575,RMSE=0. 850 m; 3% 7 # f f& # ik & i ,R>=0. 719, RMSE =0. 791 m, 7 FL & ## # 3 %ﬂr%‘ﬁ&ﬁ%o FhA K
HE,RANHE B TESEEENERESRRR RS, TUMANE K TH S ESTN N EHEXERA, y 3 —F
HROMMAEEM G S TR,

KPR AMATHEFA MEEE R THEA A

hE S %S .S791. 247 X EAFRINED . A XERS.1006-8023(2024)01-0026-11

Building Tree Height, Height to Crown Base and Crown Contact Height Model
for Korean Pine Plantation Based on Terrestrial Laser Scanning Data

LIU MingRui, JIA Weiwei "

(College of Forestry, Northeast Forestry University, Key Laboratory of Sustainable Forest Ecosystem
Management, Ministry of Education, Harbin 150040, China)

Abstract :In this paper, data obtained by scanning 10 artificial Korean pine forests based on Terrestrial Laser Scanning (TLS) ,
were combined with field survey data to construct tree height curve model, height to crown base prediction model and crown contact
height prediction model, and a simultaneous equation system was established. First, from the five kinds of tree height curve models se-
lected, two models with better fitting effects were selected as the candidate models of the simultaneous equations. Then one model with
good fitting effect and high applicability from the five height to crown base models was selected as base model, and the stand factors
(mean DBH of stand, stand basal area, ratio of height to diameter, mean DBH of dominant trees and mean height of dominant trees)
were introduced into the basic model by means of re—parameterization and optimal subset regression, the model with better fitting effect
was selected as the alternative model of height to crown base model. The same method was used to select alternative crown contact
height model with good fitting effect. Finally, the tree height curve model, alternative height to crown base model and alternative crown
contact height model were combined in pairs to establish simultaneous equations. Through seemingly unrelated regression estimation,
the best equations were selected by the goodness of fit and the test results, and the simultaneous equations were evaluated. When the
optimal simultaneous equation was used to estimate the tree height, the decision coefficient R*=0. 896, and the root mean square error
RMSE =0. 612 m; when the equations was used to estimate the height to crown, R*=0.575, RMSE =0. 850 m; when the equations
was used Lo estimate the crown contact height, R*=0.719, RMSE=0.791 m, and all kinds of inspection indexes were good. On the
whole, the equation system had better fitting accuracy and test effect for tree height, height to crown and crown contact height, and can
solve the internal correlation problem of tree height, height to crown and crown contact height, which provided the basis for further
study of crown structure and dynamic changes of Korean pine.

Keywords : Korean pine plantation; Terrestrial Laser Scanning; tree height model; height to crown base model; crown contact
height model
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AR 34 56, %P Fh R AT T A DG BIF 9T, R AT
KA EAE o B (0 B Al b 8 o XY A LA, R
PEPE A5 I A =5 A R = (Height to crown base,
HCB) 547 ( Crown Contact Height, CH) 1 F 4L
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H GOl AR OB g AT g -5 ik e AR BN T 5K
b KGN | T AR 4 e A A RO B I S 2R Y
AU L2228 1R T s H 3L 55 35 ( Terrestrial
Laser Scanning, TLS) 7] A B sh#G I+, TLS J&4
PRSI HT RRAR R A RS AR R R . 3E e g R
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Bl S T B R A AT BRS04 S5 A 4% o £
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9% 2 1) BRI A (A AR v FUBE T i A8 | 3 ST 3 i) 42
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BT AR IR 4 A e S R (BB 57 7 R 5 3 ) WA
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1.1 WREEER

ST XA F P e VLA AR B i e g B K
MY, T 5 5 MR 0 T AE RS B AR AU, AR AR Oy
130°32'42"~130°52/36" E 46°20" ~46°30"50" N, Hii
Ab5EIR LY FEA K, AR L Fe Bz o 3 S 34k R
250 m, 5 iy LR 22 1<), Hg 3k 575 m, KRB
FAREVT IR R, e R B TAT 3 S A AR YT, Ry = 2 5%
Ui JBAR W KRR AR, XFEK,ELT
s B2 IR AW, KRG B B
AR R R S R E . PIARTE 9 A B
], MR AE S AP RIRINA), AR R 2.7 C,
e ity B AR 35. 6 °C L FefIRARUIR-34.7 °C . AFFUR
h 2547 C ., HFHIREKE 550 mm, &4 HER
JELBPECRH 1955 h, JeREHITE 120 d 244,
1.2 HHERIE R AL IE

Aol 2019 4 3 H A A #54X Trimble TX8
FHEP) 10 LD N TARFEHB IS, S0t 548 FRETHA
FEAR, H Lidar360 34, B B k)5 19 5 = 317 &
M b I A 2SN — A A — R A Ab B H U Ml
REAR B 5 A2 | Ak | e I A ek AR R e A
PR T T e P2 v R e e 42 e v S 5
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Tab. 1 Statistics of sampling trees and forest stand factors for Korean pine plantations
W T e R v | o S = T Oy A % N o) () AR (SD)/
Bk 0 (D/m (HCB) me (CH)/m (D) em (H)/m(6)/ (w® - hm®)  (Dg)/em (Ho)/m <ﬁiﬂ
Variable DBH Tree Height to Crown contact  Average Mean stand Stand basal Mean DBH of ~ Mean tree height Stand dm it
height  crown base height stand DBH height area dominant tree  of dominant tree and density

Tt
M 21.42 14.07 5.35 7.63 24. 18 14.11 28.00 24.54 14.42 1018

ean
f/lij(ﬁ 38.6 18.81 9.65 11.21 25.72 15.56 32.94 38.3 18.61 1367

ax
;ﬁf\ﬁ 9.66 11.075 2.65 4.71 21.70 13.30 23.34 20. 61 12.53 567
Zﬁft_ 4.42 1.42 1.16 1.28 2.17 1.26 4.80 2.75 1.23 235

1.3 HxRFA=*E
1.3.1 A il 2l
o e R e B JL b, e B 5 FRLERS

R HLBAT R 5 B A2 7 SCR RS g il 2 45508
VERNAR LTS N AR 1 5 AR, W3 2,

R2 SR EHEER

Tab. 2 Five tree height curve models

RERL G Fika 225 3CHk
Model No. Expression Reference
(1) H=1.3+a,6"(1 e ") [14]
11 oy
(2) H:L3+a*———ﬂ+t———ﬂ [15]
D p,) \H,-13
D"
(3) H=1.3+ (H, - 1.3)(47) [16]
DO
1 _ea”D
(4) H=13+(H,-13)—3 [16]

5 “
S H=13+(H -13)e

D, 11
0 I_F Ml(ﬁg_T}

Vg ay ap WETIBH
Note:a ,a, ,a, are model parameters.

1.3. 2 BT mhs Ay

KR AR A 2 FIE AL, Logistic JE2UR145
BOU A, ARG IR B S A5 R o0 FE Al 5 B2, UL
3, VPRI AR (H) ETA TS s 148
i MR (D) EWACT s 2 AR, Rtk A0
FESEH HM D(X=b,+b,xD,b, b, HZE) A7
WA RA SRR, B TRESHEE
( COMP ) FIISz M 254 (SITE ) 38 252 maA T = , il ad 4
RIFSHAG AT RGX B S5 AS i, RS T
LRI AR AT G , ST T LA UA R R
U ARSHIVE N R PR T R A A B

X WA BHON
X=b+cSy +dCoyp + eSyy

Kb eod e NBERISHL S,y L1 AR PRAL
Conp NTEF T BB Sy FARII K/ BREL

M RANREL: S, =/ (D, H)

5 T BREL: Cone =/( G, Hyg)

LR PR : S, =f(H,, Dy)
{b Hy, AL,
1.3.3  ffulrm

P fh s A S5 BT A R BT A8, T LA
SR il Lk 4 K (Ahich ¢)
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Tab. 3 Base models of height to crown base
P 72 i
AT o Fikz Range of 2% 3CHk
Model No. Expression dependent Reference
variable

(6) Hey = H(1.0 —e") (=00 ,H) [17]
(7 He, = H(1.0 —e¥) (= ,H) [18]
(8) Hey = H(1.0 - ke'™) (~e ,H) [19]
9) Hop = — (0 [18]

CB 1. 0 +eX ’

e = H
(10) B = T
(1.0 + ke*)" (0,H) [19]

Wk om w ABHEISHG X KT SIZE, COMP SITE (¥ 6 44
Hey IR o
Note:k .m w are model parameters; X is a function related to SIZE,

COMP, and SITE;H; is the height to crown base model.

R4 EMEEMED

Tab. 4 The base models of crown contact height

A7 i
iR G5 ik Range of 230k
Model No. Expression dependent Reference
variable
(11) Cy = H(1.0 —e¥) (=00 ,H) [17]
2
(12) Cy = H(1.0 -e") (- ,H) [18]
(13) Cy = H(1.0 - ke'™) (=0 ,H) [19]
(14) Cy = H (0,H) [18]
L0 +e! ’
H
C, =

(15) H L

(1.0 + k') .  [19]

Tk m oo HERIZEG X KT SIZE COMP SITE PR
Note :k .m ,w are model parameters; X is a function related to SIZE,

COMP, and SITE.

BRI 5 2 BB, Logistic JE AR HUE A, &
5 FUUE B ORI -1 0 1122 8 19 2 fiph veg 181, 3ok
R PEAY SRS, e PR T 5 e L5
RIS S DA % 9 8 i S B o =i S B A1
SAS9. 4 Bl o3BG A5 AN RIS B 20 5 B ey
BRI T 22 MU A OB ARl e AT | e
Hf R i AR
Mo RNREL: S, =f( Dy, H L, C, L Cy)

S T RREL: Coyp =/(G L Hyy )

LA PR S 0 =f(H, ,Dy)
K€, WEKCy ER
1.3.4 Bk fedl

F TR R BT e -5 e A R S ) A AT
Kk R/ N AN T 3 MR SH WA T
DR ZE A fe /NI 25 A, AT i dee G 1 4R 01U A O
VE R 0 A e il 2R Y ST e A TR R4 S
r AT ST T AR, R TR A R,
[RIRp A 13k 26 77 e n] 4 i Al T H R0, Bk O < R et
Tt (system estimation)”, 2 J7 B Bk A Al 1 A9 ik o
JE WERIE T IR ZBOR, i BT R,
R — T AT s R G A, R A" S
“TRMEMET AU, ZTTRRGE TR N 2K, —
AN “BRST T FEA (simultaneous equations) ™, BIAS[A]
T REAFAENTERR 58, — DT RE R fip RS i 2 o —
TR B RS R I — 2 BN AT G [l U
(Seemingly Unrelated Regression Estimation, SUR &,
SURE) ", RI4% 75 R ) 22 i 22 [A) A7 N TR AR G, 1E
FOTRER P B T2 A7 A S PR MR e it 46
BRI BT e R 4 fh v A 2R AR P ABL AN AR G [m]
[EP 32 SV it E

ey T R E =X
H = (S5 Coup Sire)

HCB = j( H’ SIZE ’ COMP 7Sl'l'L' >

Cy = I(Hys]ZE’COMP’SlTE)
A{rf :H Hey (Cy AR ;S 0 Coyp S HIME

V=N
SCHE,

1.3.5 BEPITEMN 5K

LA 3 M7 0 i Je R i B — 28, R e
TERTRERL R AR UG 56 A FH U e REC(R?) M
IR 2 (RMSE ) KPP A5 RI ( 40L A 2R . AR
Z(ME) #5122 (MAE) SRR 2 (TRE ) X%
FRIPEAT TR B, Hoh , ME Fl MAE FH T 5 e 4 %o 15
25, TRE F T OBRAR X152 25, B4~ T 3aHE A 1 1 8
IN R R 22 )N

2 RS54

2.1 WMEEEAHENRBE
it Lidar360 A4b #5219 B A 808 5 AN T
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B AN RFT A5 3 i R H 5 4 dE AT X e, A5 3 3 5,
25 B 5 R AR 5 0 i RS BE AR AE 95% A Ay, T i

e RS B LR B T 85% 22 A, A5 B A B T LA
Tl A 3t e T 0k 1 A K dhs RE IS BB B A s

x5 HWEFIE(TLS) BRESLNHERERL

Tab. 5 Accuracy inspection of terrestrial laser scanning ( TLS) data and measured data

BRllk e TLS %iHfz N N

e Measured data TLS data Mok i RIGRTBE TR RS
Plot I]; Accuracy Accuracy Accuracy

0 SRt PR CFHRIREGR Pl CFHARE CPIITEEGS of DBH of height of HCB

Mean DBH  Mean Height Mean HCB Mean DBH  Mean Height Mean HCB

01 21.52 13.34 6.1 21.38 13.51 6.3 96. 8 96.9 88.6
02 25.16 15.40 6.0 25.11 15.51 6.2 94.4 95.7 85.1
03 27.52 14.38 4.5 28.22 14.28 4.5 95.5 97.2 84.7
04 23.37 13.70 5.8 22.84 13.74 5.8 95.6 97.0 89.7
05 22.98 14.20 7.0 22.59 14.33 7.4 95.0 95.3 86.6
06 19.61 13.80 8.2 19.24 13.72 7.4 95.7 95.2 87.4

EMARE TLS XHRARAG AR, i 22 /N T 0, g
A B s 22 AT BE S Fh T 4140 0000 MR i 0 Ak B
B AR B B 7= A 0 O 22, DR O Mg A ) B RO, L
dar360 Hct [ sl 32 B, 100X AT e Al T O s
D2 KT 0, 80T e NI, ol fE )™ A I 4 iR
22, 9 Bl T i = 8s HRE X B AR A% 1 58 B AT
SRR, (HJE J0 1% 0 B I Bk 2 AE AL, HLfE
EARRCE RIE S RA A b A, At
FrHIT oy HE iR . ORPAR e AR A TR 1K, i 22
KT 0,3% 5 HA A A WF A RARM Y (ER
PRECRIN 25 R AN G BE#R A n] A A2 A L N
AT LMARN T LA AR K

Ao AR R A i R RS R ARG B i T
TLS K £ v B 75 1§ O RS BEAR i, ) RIAR SR 52

PRt iz Rz v, BT LR TLS $2 5 422 fink 5
B AL 32 AT LA FH 38 SR R FH 5 A AR AR 2 v
2.2 PIESHKERRITE

FIIH TLS $2HUA £ a5 50 M e B AH 28
Xpe 2 v s Rl i AR AT LG, R 6 AR
MRS B THE LA AR I 25 5%, LAAE
SCRAER Lidar BRI A, Mg
4 A]HL R £ 0.44~0. 88, 31 %A 0.9 LI/, AT RE
SR THREACK D W IMFEA &, BEAL (1) AR
JE S0 25 AR HE , Hofth 4 MR X 422, O B2
SRR N A AR S, ALY (3) AR A
(4) FERY(S) LGP0 S 50 45 SR AR L B B AR, 45
RAAHZEARNI R, B DLZE iR KA AL (3) A
RU(S) VR e i 2 7 g 28 e A A |

Fo WEHARIANSHMGIT MSRENREER

Tab. 6 Parameter estimation, goodness of fit and test results of tree height curve models

iy A e A fer i R
—— sy SHABHE R oo EEER B
= Parameter Standard oodness of hitting alidation result
Model No. Parameter .
estimate error RMSE/m ME/m MAE/m  TRE(%)
a, 9.715 180 0. 650 077
(0 a, 0.269 788 0.261 581 0.447 1 1.248 2 0. 000 20 0.978 0 0.001 39
a, -0.015 792 0.022 676
(2) a 0.917 650 0.010 596 0.736 8 0.943 4 -0.055 4 0.6159 -0.3916
(3) a, 0. 192 589 0.010 518 0.876 7 0.702 8 -0.073 1 0.490 3 -0.5156
(4) a, -0. 176 496 0.008 258 0.816 8 0.745 5 -0.1516 0.5518 -1.064 2
) -0.175 612 0.104 744
(5) 0.826 8 0.766 9 -0.336 5 0.583 8 -2.3318
a, 5.713 331 2.479 110

2.3 BTERERER
BARE RS AR & (H) MlgfE (DBH) 1E 8

AR IR N R (X =b,+b, %D, by b, AEH),
RIF e LT MR T R B Aol B 2 8
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kom oo 39BN 1.2 3 450 0% 7, ESTRM
HLE R R R #AE 0.5 247, AT RE i T2l
RERCHR AR T 85 /0 | A RE v Bff b F50000 A T v A A8
HABR(6) BIRL(7) AEH(8) Ay PRI AR 195 Bl T ik
FRAETE(O,H) Z ), JE R & Y8 L, K5
S5HORE A SR AL T R (HCB) #BAH X & Al
(ME<0) , TRE<-0. 2% , it I 1 & 8 RAR g, A Y
(9) SHEAL(10) AHZEA R (E AL (10) 47 T 4548
T AESZPRI v, T SR 4% SR A O S 22 1 AR
7 B AR AR AT LA G- itz FH A A 7 S B 2 v, T A
AL BEBIAY (9) FE AR T o BE AL A (1Y) 25 18
A

WK K SIZE , COMP | SITE #E4T # 2 ¥ 1k
PREIRABLRL (9) R A B FAERIH LA S
B, iz R FAER IR AR 2EZR AR,

HE BB R HRTE 0. 52 ~0. 59, RMSE K £ 50 #54E
0.88 £47,ME 7£-0. 01 AR, MAE 7£ 0. 7~0. 8,
TRE 1£-0. 15% ~-0. 13% , B K VL 2% 7 AR S
BCRABIRAT AHI AT L= A AT 85 (ME<O) 383
e Uiy e YR Y A S R R AW A R
R HR T HE R B R [BAK T RMSE, LAY M i3
Perm TRIRV LA B (R AL AL B ROR AL
AT G) R HL (HDR) # &AR 43 0 5
G B 2 AR LA B RL T R A e A AR
Urh RRARE M (D) LAY 8 (H,)
RFET A0S 155, SRR T35 (H,) M
E, DA B 42 (D)) TR Y v (R 4004505 B
U, PeRE RBRY M B, T LA AR 43 1 T R
(G) R (HDR) SHUL#AAE- B4R (D,) 4350
ABIRF s v pi A v 25K 8,

®7 BTHEMEDOSHET NARENERER

Tab. 7 Parameter estimation, goodness of fit and test results of height to crown base models

. N ST . MEE Ko 2t R
IR SR ) Parameter i Goodness of fitting Validation result
Model No. Parameter I ‘/ i Standard error
estimate R? RMSE/m ME/m MAE/m TRE(%)
by -0.571 20 0.027 52
(6) 0.519 86 0.888 1 -0.009 2 0.7829 -0.170 7
b, 0.004 13 0.001 23
by -0.285 60 0.013 76
(7) 0.519 86 0.888 1 -0.009 2 0.7829 -0.170 5
b, 0.002 07 0. 000 62
by -0.831 58 0.014 76
(8) 0.519 58 0.888 1 -0.009 1 0.782 9 -0.168 9
b, 0.002 21 0. 000 67
by 0. 250 86 0.071 05
(9) 0.519 53 0.888 1 -0.009 1 0.782 9 -0.168 9
b, 0.010 61 0.003 22
by 1.436 19 0.102 30
(10) 0.519 43 0.888 1 -0.009 1 0.782 9 -0.168 1
b, 0.015 25 0. 004 65
*8 HTHEEEERENSHMEIT UESREMKREER
Tab. 8 Parameter estimation, goodness of fit and test results of alternative height to crown base models
) ‘ | e 4t st
AL 2 ik 24 AliTHE Lo Goodness of fitting Validation result
. . Standard
Model No. Expression Parameter  Estimate
error R RMSE/m  ME/m  MAE/m TRE(%)
a 0.4406 0.1472
“n = p . .
Hep =H/ (1+exp(a+bD+ b 0.0151 0.003 8
(16) C+dD 0.582 0. 884 -0. 008 0.775 -0.15
cG+dDy)) c 0.0016 0.002 4
d -0.0139 0.006 1
a 0.5019 0.164 6
= exp ) . .
Hey =H/(1+exp(a+bD+ b 0.0143  0.005 1
(17) H +dD 0. 586 0. 883 -0. 007 0.774 -0.13
cHy+dDy ) ) c ~0.0106 0.0827
d -0.0131 0.006 1
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F40 &

e 8 AIHL, 2 MR IR Y e R AL R HABTE
0.58 7£47, RMSE 45 R 4RTE 0. 88 Zify, &b < mifili bk
T (ME 3/, i H AN T 0), 7 34 48 X5 1= 22
(MAE) £ 0. 77 A 47, °F 4 #i 4 1% 22 TRE # /)N
F-0.16%, SRR VAA BB

Bl 1(a) K 1(b) HA(16) BYFR2ZHIER ST
i a5 5% 25 0 A, B 1 (e) (B 1(d ) HAR
(17) BBRZEAEIE A 340  TE S5 5% 2216, AL 1
Rl LUE AR 2 E R T IEAS A0, 5% 22 i HOS &
BEALAY , U BRI (3L A R AR b, TR 58
2.4 EREEBAEE

P fi e A TR (Y 8 5 R T v S ARk A ]
SR 9, PALERMYLE RZE R #FE 0. 66 72
A7, ST g A AR A 5k UM ARL, 78 SE BRI o, 4
T TV A WA k22 B R X fRT A A0 A R AT L G

4

(5]

k= 3
o s 5 0.99
- 0.95
DEFT 1 0.85
SR 0.50
k=2 g
HEE -1 0.15
FEs 0.05
%g 0.01

5 3

z

-4
4 3 2 -1 0 1 2 3 4
Residual

(a) A (16)FR2EEAIESHA K]

(a) Expression (16) normal distribution of residual value

4

[}

= 3
= f ) 0.99
&ZEs 0.95
BFET 1 0.85
£ g
KEL 0 0.50
%2 g
ER=E | 0.15
Ez5
Hiw 0.05
3 - 0.01

s

LI

-4
4 3 2 -1 0 1 2 3 4
Residual

() A (17) TR IE SRR

(¢) Expression (17) normal distribution of residual value

B 1

i FHAE A P s B 2 vp T DA HIE S e PEARE L (14) 1
Ry H i e SRS TR (1) £ AT
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Fig. 1 The normal distribution plot of the residual value of alternative height to crown base model, and the

residual distribution of the estimated value
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Tab. 9 Parameter estimation, goodness of fit and test results of crown contact height models

. | ‘ o A Rt
BT 2t 24 i HE brifEiR Goodness of fitting Validation result
Model No. Parameter Estimate Standard error
RMSE/m ME/m MAE/m TRE(%)
by —0.955 21 0.036 73
(11) 0.661 6 0.877 9 -0.012 4 0.765 2 -0.161 6
b, 0.007 88 0.001 63
by -0.477 61 0.018 37
(12) 0.661 6 0.877 9 -0.012 4 0.765 2 -0.161 4
b, 0. 003 94 0. 000 82
by —-0.987 95 0.014 35
(13) 0.661 2 0.878 0 -0.012 2 0.765 3 -0.159 5
b, 0. 003 04 0. 000 64
by —-0.483 63 0. 066 98
(14) 0.661 2 0.878 0 -0.012 3 0.765 2 -0.160 1
b, 0.014 29 0.003 01
by 0.471 82 0. 086 40
(15) 0.661 1 0.878 0 -0.012 2 0.765 3 -0.159 3
b, 0.018 41 0.003 90
R0 EMSEIRENSHMLIT BERETREER
Tab. 10 Parameter estimation, goodness of fit, and test results of alternative crown contact height models
o o ‘ N b Koot
TR 2t ik 24 fliTHE Standard Goodness of fitting Validation result
Model No. Expression Parameter Estimate
error R? RMSE/m ME/m MAE/m TRE(%)
a 0.176 46 0. 159 48
Cy=H/ (1+exp(a+bD+ b 0.02670  0.004 33
(18) 0.703 3 0.854 1 0.007 4 0.7241 0.097 2
cHpp+dHy) ) ¢ 0.22429  0.08076
d -0.074 05 0.010 95
a 0.229 87 0. 152 59
Cy=H/(1+exp(a+bD+ b 0.018 93 0.002 95
(19) 0.704 1 0.852 0 0.0084 0.7207 0.1106
cG+dH,)) ¢ 0.00625  0.002 15
d —-0.070 58 0.010 43

2% 10 AT, 2 A A e IR A o REL R R
7E0.7 247, RMSE 45 RHAFTE 0. 85 247, ME #B /)N
T 0.01, FE 43R 2% MAE 76 0. 72 ity , “F3 ¥
fliik 2% MPE #5/N T 0. 02% . SRSk 3564804 8500
B

Kl 2(a) B 2(b) BAK(18) BYFR 2 (HIER 5
A S 5 5% 22 A B 2 (e) VB 2(d) A
(19) MFRZEEIES A A S5k 2E, IWE 2
Rl U SR 220 8 T IR A 00 A, R 25 O IS J2
BEAILAY , 1d B AR 0 400 & R AR 47, IF HLA H B
ST ZEAE R
2.5 BRI A/E4A

W AR v i 2B TR (T (3) LT (5)),

RER v A BEARR (B (16) AR (17)) 545 fh 5
FAVERIAY (B (18) MEAY(19) ) 43 B ST, 1 ~7 Bk
SRR, R AR A OCENE (SUR) kLG 7 2
A HEA R R B, BT R BT S A il
AFTE = BE N AR DG, REBOT A A TE L2 H AL
LNE, B A TSR A, HA N AR
(3) HRL(16) AR (18) B R AN EE 2 T
LM, AT LA AR AT SE AT S7 7 R, i AR
v N

H= 1.3+ (H, - 1.3) x (D/Dy)"

H, = H/(1 + exp(b, +b,D +b,G +b,D,) ) ,
Cy = H/(1 +exp(c, +c,D +c,Hyy, +c,H,)

(20)
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Fig. 2 Normal distribution plot of residual values of alternative crown contact height models,

and residual distribution of estimated values
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Tabl. 11 Goodness of fit and test results about the equation system (20) parameters
Wi BT Hefiies
Height DBH CH
S8 it T T T
Parameter Estimate WA (oL TEAES Wa (DL TERES WA RggR
Goodness of fitting Validation result Goodness of fitting Validation result Goodness of fitting Validation result
R> RMSE/m ME/m MAE/m TRE(%) R*> RMSE/m ME/m MAE/m TRE(%) R*> RMSE/m ME/m MAE/m TRE/%
a 0.146 73
by 0.555 63
b, 0.014 91
b, ~0.001 82
by -0.01333  0.896 0.612 -0.074 0.479 -0.526 0.575 0.850 0.0004 0.767 0.008 0.719 0.791  0.007 0.725 0.141
e -0.01091
¢ 0.020 51
e -0.090 59
P -0.045 48
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