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HWE: [A6))] 2R THEREE T ZERBRATRAMBT RN T EOTRL, EABERRETEHR TR
XAWARBS, St ASRAERS BERBEBEE, [ ] ARXERTAM A4S B AR, UK FhHigke
91 3K & et Larix olgensis A T4k B & HEHL A & S8 4 K al, KA Reineke RE-FH X 2t Ao B E, 23R
Ao i@t EBREAESEHDTMEREETDAIHARZREETAETRMNAER, SFRAHFTRIZE
(RMSE). A5 & 24 (Ryy)) FATEBA G MESLERBATIFN, [LR] SEARRERELAL, FIANITH L %
JERY ) SRR AR SRR LA B, Ryl #2329 10.6%, RMSE B1829 2.8%; A4 30 R ha BEA 4 4k
B AT A RR R BB, Ryl T2 19.8%, RMSE 342 19.3%; LT, 5424k (1)=0.90 #93F Kbk RAFH B
AR R KR AR R B A RS 5ERMR X AW, 2 Ry % 52.6%, RMSE H4K 13.8%, FF%AEF
BT 1=090 s R AL RFEEF (P<0.05); EHRMELEAT, A FEH 02 - me) R XA ERES,
TARRT AR B EA 0.8 B A&, APIRFELEBAH THABRLERRY R, mEEELFTHEER LA, <
REEFENIEZHELET. REZ (AZ=22cm) MEEBIARXL, AT EEANMBRATAME LT, BIRER
F R B AL TR P BRI B BURAR R A JE AR L M R K B . TR KRR | AR K ERER . o
IR BRRERER, (L8] FERREX MR T R RBA LSRR HRSEET KO LT IAATHhRRK
NG 0 EAMAE, HHRE =090 KT L, BRABRT RAXAERMEEEFR BRI ZR2HR D BREE, RRE
BEFBERFZREATAHRML, ANk FESHRASELRARKGEIZRFERTRE, &7 kAR RT P
MREZFH R, REHTHEUBTHERNAEE, TAHAROETRATIKRRE ARG T ERAE AL EEE B
AR, B 1A S5 538

EHIA: ka%Eebhy; FRERSZESIEHE)T; AR FE; TR
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Maximum crown width prediction model for Larix olgensis plantations
based on nonlinear mixed-effects quantile regression

ZHANG Wei, CHEN Guanmou, LIN Xueying, DONG Lingbo

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

Abstract: [Objective] This study aims to overcome the limitations of traditional average crown width
modeling methods in depicting the spatial extreme expansion capabilities of trees, accurately describing the
maximum crown width growth potential of trees under density constraints, and providing a theoretical basis for

reasonable stand density management. [Method] Based on field survey data from 91 permanent sample plots
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of Larix olgensis plantations located on the western slope of Zhangguangcai Mountains, relative stand density
(RD) was calculated using Reineke’s stand density relationship. Quantile regression and nonlinear mixed-effects
quantile regression were employed to construct maximum crown width—diameter at breast height (DBH)
models, and model performance was evaluated using the root mean square error (RMSE) and adjusted
coefficient of determination (Radjz). [Result] Compared to the base maximum crown width model, the
generalized maximum crown width model with the inclusion of RD shows slight improvements in fitting
performance, with Radj2 increasing by approximately 10.6% and RMSE decreasing by about 2.8%. The overall
fitting accuracy of the quantile maximum crown width model is lower than that of the base maximum crown
width model, with Radj2 decreasing by about 19.8% and RMSE increasing by about 19.3%. In contrast, the
nonlinear mixed-effects quantile maximum crown width model at 7=0.90 shows significant advantages
(P<<0.05). Compared to the base model, its Radj2 increases by approximately 52.6% and RMSE decreases by
about 13.8%. The ==0.90 quantile curves at different density levels show significant differences. Under the same
diameter conditions, the maximum crown width corresponding to RD=0.2 is generally the highest, while that for
RD=0.8 is the lowest, indicating that low-density conditions are more conducive to the potential crown
expansion of trees, while crown growth is significantly suppressed under high-density conditions. The quantile
curves for different density levels crossed at medium and large diameter stages (DBH=22 cm), reflecting the
variation of density effects with diameter class. The test results showed that the model performance in
prediction was ranked as follows: nonlinear mixed-effects quantile maximum crown width model >
generalized maximum crown width model> base maximum crown width model> quantile maximum crown
width model. [Conclusion] Indicate that nonlinear mixed-effects quantile regression is effective in capturing
variations in maximum crown width of L. olgensis plantations across different RD levels. Particularly at the
7=0.90 quantile, the model not only reveals an overall decreasing trend in maximum crown width with
increasing stand density, but also identifies diameter-dependent thresholds at which density effects shift,
demonstrating that the regulatory influence of stand density on potential crown expansion is not constant across
growth stages. By accounting for plot-level heterogeneity while improving model stability and prediction
accuracy, this approach provides a robust quantitative basis for density regulation and precision management of
L. olgensis plantations at different developmental stages. [Ch, 1 fig. 5 tab. 38 ref.]

Key words: Larix olgensis; nonlinear mixed-effects quantile regression; relative stand density; crown width

model

PR EMACEAE KA S PR B 22 B, HOEE S5 RN WA AR ) 58t (67 2R
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AR IR Y Fp (G B AR i, T 4 7 G B X AROR AN IR AR I BObR 3 2R 7 s i B
e, SR IR S A AR SR SROEARTR | RSO AR L EOERER IR E DA OCE,
R TE W S RE S WA T fre A R T MR R RE ST, XA B E P P22 8 DR SR B A T BN (R

EANIFERY]: EIRZ AR W RN T LLRAR M5 B | B P BE S AR 23 A A SR R i )
L BRARbR 238 FE RN O 2 R MR TR R ) e S B AR B Y o B e e R S R, T T ) R R U A
By TRE TR, SRTDERERHRCRMARMA ™ S Wik, T A R A8 RS N 1
HKFR, ATLIMEE R ALY, bR PR I AR 28 G o i AR A At

AR, [N ANEFE B SEMRA T IR R T T R TE, R AR AR iR -5 A R H A P A O
Z o GILL % AR iR i e AR, DON ARt s— AR BERESR AL AT SEAGT1; HEMERY
SEVRETE T 11 R ARG R, R T A RIEMRMEC R, YuE RETIA 0.8; CONDES 4
A FHPTHEAF BRARBT R A Rl e 5 2 WA e iR AR, 4 A HUE R R IR A 22 7 B E



a3 EH XMW ok pRAE T ARKRIER AR RE A 7 A T bR R R R T 3

GV XHRIRITAE K VR A N TARR ISR, e iR R 5 MR iAo, 28I . i et
SRR TR, BASKE, AN FEREMAN I8 S G R 2, X RATE & o 5l
AR 1 B R e i SO B S8 AR R g /b, Uk = ARy BE R4 E FH I R ez, PR T el iR
RUTE 5% B PR AR A b 28 B i o

LM IR A RN 4357 B ] A R WAL 235 43 55 (BT U 5 R A BN A AR 45 5 1 — P sy s e T By
oo BRI BRI T REAS R Ao Ak 3L [ R0y AR AN , A T B8 4 A B 5cHle vh i & AR e oG
FAARZE T FERIRRg T, R T IR R KA (EM) Sk, i 58 4 (RUSR4fE RAL BUECHE Hh AN
BT . TRA RN A5 AR BRAE AT R0 RN ]2 BEAILYE , 17205 25 10T U DU B At 1 B i (1 45
% (Robustness), BEHE WX 5 (L FEMA , FEARML A S8 BB v FH T A R A 2R | i i o 00 R 45
VAR S AR IR, AR LM TR A 80 408 B8 R U AR B A 5 A% e S e I A ASE 70 B L b i o7 A A ) )
2V, IREEA R EERLS R . GALARZA U8 A1 DELYON 25U (58 B E 1 40 B Bl U3 78
PE R IR E I T A R, IR T S5 AR A RN TR A B, A A BB 5 ) R A ) b
DRI AR 0 2 AR

KPS MHS Larix olgensis JEA< F LLIFTER T AW ARIX FE A N TE MR, FEARILPRIX N TARZE
HAREMWA, AR BEREMSE S E o HSCEROMME. 58 AW P A A TRk
s ARKRY, EEFFRMSEMII S BB . T, AR AR A
A N MO FERT G, SR FHAE LM TR B U0 4357 5000 U o Ay R PR B A el i T A8, DA s e K
FEMR SR Z BIROCER, AR F T A N TR BE R R T R s 2 S AR AR AR 3
1 HERXEF %
1.1 WFREER

BFFE X S T BRI VT A R K A IR AKX, 45°20~45°25'N, 127°30'~127°34'E, HuAb R KRt
FRAEX, S E Y 200~600 m, P A 400 m, AEXRH 2.4 C, Wi E iR ATk 34.0 C,
Wil 9—40.0 °C, AFIEL TR, FRERKERD, BEWET, FFHEKEHN 500~600 mm, %
ERTE 6—8 o MR IX Ay LI 2, FEAFER L b FRgE  (lb gE DL RO 1 5
TR LR T TR SO B, FETR AR ELIRLLHN Pinus koraiensis . FAKE Betula platyphylla. 7K
Wl Fraxinus mandshurica . SRk Juglans mandshurica 55, FEERERAG Z XM Acer ginnala . 2.4 Lonicera
Japonica %, EEEAMYIA EE Carex tristachya FIHAMT Sanguisorba officinalis 45 .
1.2 HEskiR

TEATH B A AR 1, 2018, 2019 4FF1 2023 A 7EMR L LU SE3 AR 73 55057 15, 20 F 20 He [ 1 #f
Hb, 2023 FEAERG/RIEER S EARI BT 36 BRIEEREH, BT 91 B XFEH N HI4E =5 em AT AR BEAT
TRV, MR, AR REE . IR R PE L B db 4T AR AR ROIRESSEE R, K
FI7&E AL 5 881 Bk FRATENR (CW) R 4 477 e IR () A BE RN o X R HAE A% 2 om 2B AT
Ak, RN N R B R KA MAVE LR, B 5o il w2 0 3 A DCOC R, AMmEERR
AR — e B AT B 1 A A AR 23 [ (G A B8 T, H e R T MO A 55 58 4 S5 A T VB AE Y TR FR
I, BEHOR e RAMR ATV E iz R P IOE IR A 3R, IR 967 Mk, W E R # AR T4 THIA
K EER S . RIS EAGTHEE T 5 881 BRAEAREE e . EAAR T BFEAR R 15.0%, BER BRI
PV AR ReE R L AR Zm e g, B R B i Se TR L3 1,
1.3 MRFAE

EC A MR IR [P, S5 Logistic PR A Sl i KOS IR (basic maximum crown width model,
BMCW), 7EMLIERE [, BIAFXT M2 E (DR) 1E A e 4 R 1, M Ui KRR (generalized
maximum crown width model, GMCW), LAz BRAEAS[R) %5 B 2508 T e Ko iR BE A2 A8 AL i 22 5% . 1%
e YA ] AR D) 220 i el W o A B RREAE SRR GMCW Al R A3 2 8RB s, 23 BilHE o for
$ (1=0.90. 0.95 F1 0.99 &5 3 A~ 155 435 7K - 44 53 A7 55 5 K i 455 78 (quantile maximum crown width
model, QMCW), H T Zl il e Kb i i H SRR SIS e AR BIR . JE T RIALITAN 45 58 e i S L o7
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£1 KEEMATHE SRS R GTR
Table 1 Basic statistics of fixed plots in L. olgensis plantation

MOPEST MOPEYS MO MOMEREES REXIAK

g =] Mate/em  AE/m EIRE/ m Wi/ om 5/ em WHH (ehm?)  SrEgE MRIMAFNE a
SN 40.5 37.6 8.1 30.5 27.0 317 3144 1.00 435
- H/ME 5.0 4.0 0.3 10.0 11.0 113 278 0.24 11.6
" FAME 17.5 16.9 3.1 20.1 17.8 182 718 0.67 30.7
bnif2e 6.5 438 12 43 3.7 3.9 484 0.19 7.6
HRME 40.5 37.6 8.0 29.4 27.9 31.7 3144 1.00 435
Koo F/ME 5.0 4.0 0.3 11.2 12.9 11.3 278 0.24 11.6
FHE 20.1 19.7 3.4 19.8 19.6 182 718 0.61 30.7
Fnif2e 7.7 5.4 1.4 3.6 3.4 3.9 484 0.18 7.6

M, FEREFEAN L5 ARERLZ G BEMLRON , 4 H R L TR A RO 4357 B5 B R e i T 0 AR A (nonlinear
mixed-effects quantile maximum crown width model, NME-QMCW), L) [f] s} 3 i 5z e i 8 230 AR 1iE 5 A8
[ b 2 ] 19 S Jo M 25 5 o
13.1 X RRARER  FEIE-MR IR VAN R, FHRH AR e 5 - 48 0C Z AR AY g JE 2 PR A
B, TES% C A LS Logistic BAMWER BMCW., BARIAXNT
a

" T+bexp(=cD)”
K. We MMATENR (m); D AMANIFE (cm); o MEFTIESE, FoREMFET IR K ARAE
ISR FRR, RIS TER IR b A NEESE, EE LA /MR B i i o7 5 Fl
ETPRBRRE; o MAEKHERSE, RWEiEbERRIE Y R, e ih ek BT (E ) g

J AR SE G KT, ST Reineke RUE -2 8 5¢ 2212 )(size-density relationship, SDR) A K%
JELk . EeRBEELRE HRTH S — N, LR85 I8 T20k . XAk SOHA A RT3 75 vk i e s,
AWFFELL 95% 53 L B AR 5355 BE (V) VE R e KARIT B BE (Nmax)» (8] 2=0.95 [BIJH XS In (V) 5 In (D) #4740
G DMETTIAR I 1 BRIR e KR 325 B In (Nman) o ARG SGI0AE 5 D Z IR 2 LA R m) i, 15807 22 K
K+ (VIF). 4R/, D5 Dy B9 VIF ¥R 1.007, FRAWAS & 2 [0 AFE7E B35 n0 2 d L2tk ) @, fifi
Jei PRI B In (N) 5 In (Nmax) B9 LEAEAE R RD B9AL T, I RD 51 A LAl e Rl IR A R AR ) SRR
FEMRAAY, AT

We (D

In(N) = a+BIn(D); 2)
In (Nmax) = @0.95 +B0.95 In (D) 5 3
_ In(v) )
R T o) )
a

(5

We = .
€7 1+ (bo + b1 Dr) xexp(—cD)

K@K G)H: NI EE (Bk-hm?); D IR EE (cm); D X HE s a. by. by,
e . BONBIRIZEL
132 piafr RaRBRA 8RR T e B AR R4 52 1AL R AR 1F R R 2 B ek e s
SRS i 8 4 N IR 83 TR 6 o510 N s -4 QT R N 202 2 VR = 2 1 N T VA i
B 7R AL B R TR LA PO T A28 5 . TRl IO iR BN, S AR TE R A2
KA T REA BB iRy e BER, P, AU @ =0.90, 0.95 1 0.99 FIEE K ¥ P i
KO - MAR o R, AR iR oA b A B AR AR R, o o e e e B I i ROE R
RUE S Bl B R TR MR AR IR A4 A W) i B — B, ASBIFSELA Logistic J5 ReA1 sl fid — 44 ¢ 28 Y LR AE
2, IR AROE SN RS AT o 0S8 T UA 2 R0 s /N IS4 X i 22 A ARG 36 453 G R R0R
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5, IS BN TR TR RO/ ME KA
S= > t(Cwi-Cw)+ >, (1-1(Cw-Cwi)- (6)
Cw>Cwz Cw<Cwr
K (6) H1: SR oA E AL A X 5% 22 Z Fl s Cw R e B SN 5 Cwe 2 505 w405 B0k 19 st s A 1B
TNIMEEUKE .

AHFFE 43 BIFE 7=0.90, 0.95 F1 0.99 B HEATILE, LA @AM KT 2 M 24 5, FF45 R RIT
WrAabr5 4 Y2e A PR S, T IR SR A RN 30 B K IR AR (#8556 E 2 #r -
133 dELHRASZANSIEHFREEER  fF QMCW RYIERE [, HE—B 2 BRI R FARAR A K I
HE 22 X bR A R, X B KR IR PR AR OC FR A T AR MR TR A 00 A A B L U AT, T A S AN R A
o2 [A] Y S Bk 22 5, (RIS OR AR X B KTeE i oAb A S e 22 i 5 7 o

A 26 M TR A RN A 67 B 1n] U 38 R IR R 25 100 AR DA JE X FR i3 7 43 A5 (asymmetric Laplace
distribution, ALD), M7 45 0] 05 [l 4% Ak B T 58 2 A B9 Ak TH IR, FEIZRESR T, A i g el e
AT R ALD R B RKARAG TR, IRl i@t EM Bk A BEALIUAS 251 7R i o

fOlu,o.p) = MeXp —pp(u)] o (D

o o
K@) i ESEG o BHBISE (0>0); pe O, DAMESEG pp ) R AR RS G R .
pp W) =u(p—T{u<0}). (8)

K@) H: Hu< 0y hdam k%, HAEXSFRAAEHIT 340 ALD (4, 0, p) 7N o

1.3.4 BAMESSFN R ITHRIEZ (root mean square error, RMSE), V-4 %] {% 2 (mean absolute
error, MAE), i % J5 Pt & & %X (adjusted coefficient of determination, R,q). 2% 1t {5 B i W (Akaike
information criterion, AIC) 1 U1 {5 BN (Bayesian information criterion, BIC), XA 405K B Al
TR BE AT LR G VRN . BB ELE S ST AT I AE RE T R o s, o o6 Fh el ) AR A SR
quantreg L HFATHIEE, ARZMEIR AR AL AL PIABALR F g NLMM A 3EF TG, BEAUZE SR f R i 5]
AL 3= EAE B dplyr, ggplot2 59 AL 58 o

2 ERERH

21 U ERABIBERAEL

FETFEHL R A B X BMCW HEATHL A, S5 R: AR RS 5 - M 3 BROR IR K iR 5 M =2
B ARG R, H Ry 03509, RMSE 24 1.09 m, AIC Al BIC 43524 15 945.94 1 15 972.65. FEUL
SRt b, SR AR EEAE 34 I TR GMCW., 55 BMCW # ., GMCW 148445 1 1 41
T, H R $EF T 0.037 3, 5% 0388 2, ifiif RMSE F#{K & 1.06 m, IERIBIRE D 0.03 m. [FH,
AIC Fl BIC #0 REA%, FEAERBIRIE Z2 B3 A BRARTEE T, 51 AFRXI M2 B B A R S A5 R X
IR AR AR T, LSRR I M GE bR W2 20 ORGSR ERN], MR8 BRI AR IR K
TR E N Z o AT AKX AR B X RY (R HU G R B AT R, AFLH AF G A 53288 B gl A Sl I R
SEE MR | AT LT A b S AT AN [R50 B 25 1 T AR e FTRE BRIV 1, DT R 8 S A 43 8 B SR AL T A 3
S A2
22 HUHEXEIEERMNEL

PL GMCW A3Ehl, 507E =0.90, 0.95 F10.99 LAJH QMCW, HS U451 S04 18 B 46 b W
3. SRR AFGALE RS SATM I fEfE I B 22 7 . H, 76 0=0.90 i), BEAIERCR
FIXF A, H R, K (0.281 6) 1fif RMSE Fe/hs (1.30 m), PRI EEHE © = 0.90 15 Ky J5 240 W S5 AL e 1y
$53)/13 g A=Y

WSB ek E, BEE r i 0.90 #2712 095, S8« Wik, M 9.998 8 9% 129215, T
SR a FoR IR TR i r i b PR, JCBSUE 72 Ak 5 42 S WA [8] J3 57 7K ST VA o R el s 114 2
o oy, BT 20 I R AR R TR I A B i B, IS o B9 ISR, R S A K
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Table 2 Parameter estimates and goodness-of-fit statistics of the BMCW and GMCW models

SHEATHE FEM AR
HEEAY

a b() b] C RMSE/m AIC BIC Radjz
TR IR (BMCW) 5.8873 3.764 2 0.080 2 1.09 15 945.94 15972.65 0.350 9
I~ AR IR (GMCW) 8.710 0 3.061 2 29376 0.055 3 1.06 15 678.89 15 705.60 0.388 2

3 HMHEAERERERSHGITERMESMNE
Table 3 Parameter estimates and goodness of fit for the QMCW models
- ZHUGIHE TR
S 1L(7)

a b() b1 c RMSE/ m MAE/ m Radjz
0.90 9.998 8(1.716 0) 2.7213(0.624 7) 1.766 3(0.220 0) 0.059 5(0.008 2) 1.30 1.04 0.281 6
0.95 12.921 5(2.3042)  3.373 9(0.760 6) 2.087 2(0.330 5) 0.054 0(0.005 6) 1.57 1.27 0.180 8
0.99 14.9269(1.4106)  1.1858(0.1622)  —4.5520(0.3267)  —0.016 5(0.001 8) 228 2.01 0.043 1

Y S5 P RUE I SRR

R, MARARBENS IS 2N AY P e 1B, AR R 20 ) seE e S M AR A 55 5 A S B
e Rz AR . S8 b PN, 2,721 382 3.373 9, I T ho R/ e LR o4 54k
T LR AE N B A2 B A SRR, LR R B G 1 S A M, ANMEBY RS R W, i
AT B POt BRSBTS ORA AR R B A TR (M 1 4 R RE T . S 8b: [RIRER 53
LS TR AR, M 1.766 3 M4 2 2.087 2, Ui WAL WAL SR KGR MR A A, bRy B X Sl 4™ R Ay 41 ol 4
M, R T VAR K NR X584 e ) B o USRI AR S 2R E . ML Z T, S8 A T
B, M 0.0595 B2 0.054 0, FRUIEEIR T bR AY R HRAE T = 000 NS A S, BMESEARNRTE
TR MR A e % Wi n S e R . 2M4H =0.99 I, MR SH A REEE 13596 Br T

MRS 6 bR, BEE 0005 THE . RMSE F MAE 252 3386 845834, RMSE /1 1.30 m #4 &
228 m, MAE H 1.04 m ¥4 % 2.01 m, 1fj Ry W35 FRE, H10.281 6 B2 0.043 1, BERITEMNL =5 37K F
TS B TT EARR E EEn, AR 22 i e e AR e M B RS . ML T, =0.90 TEARFRER
FAMLRFIE R R, SEATHRORRE . TR R PR R BRI R, RERS R e - A 2] i e ) S A AR
PEZ UG R A, 2B XT R B, 3 AN 8T RA Y o0 550 i R T RS TR ) 3 A 400 6 8 341K
T GMCW. LA 737 5 (=0.90) Jg i), H R,y FHELT GMCW FE{K T 0.106 6, RMSE /1%y 0.24 m,
ot B BRI R FH 57 5 VA 52 ERC SR R A 220 I 2% 143 A 1L BUREAE , (AR BB SR 0 5 B AR ] 254 25 5, o
W A R AN SZ AR AR A3 2 BE R TR, 38 52 B R M ST 2k (- 55 I R B AR o FE R 51 ABBHLASRE (175 1l
T, QMCW fiE it HE M L AR R A S 4080, 208 TR ) S ot R SOBE R A4 54 2 1 g
J13Z B, X SR AR AL A A R e I ATAEAE — 2 SR BR
23 BRAELMSMEREA NN EIEEE T

ki — 22 AN R b RUBE T MROR AR IR 85 25 S XSl W A B2 ), FE SR L4 45 (= 0.90) X R 11 43
PR IR RILRE B ABEHLN A NME-QMCW ., AREM g 23 4L T, 20 SRR 35 rh 4% 28
HIARRI GBI S BTG, R 15 P SEE G IE . SR — PRIV S50 & e is
FOEWCS, HARH G B AR B IRAR vl 52 A

XL EBL, 5IAMHLSON G BRI A A B W 24 T, 5 BMCW., GMCW LK QMCW #H L, NME-
QMCW 1 Ry 433142 5 0.184 4. 0.147 1, 0.281 6, HARMI AR REAM . FRGEREH, 5IAHMZH
BEALASRE % A R0 20 I R TR RE i 2 ) G S b 22 57, 8 3R TH R K el IR R A DL A K SRR RE 1 4%
BRSNS EE R LA AR, R BURE M R BEALRLN R T, IS B B M BEAL
SR, FIHEAY NME-QMCW 411 .

- il 9
1+ (bor + bi1:RD) X exp(—c.D) "
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Parameter estimates and goodness-of-fit statistics for the
NME-QMCW model

Table 4

i AR#ER RMSE/m  MAE/m R
SRy PPA AN [] i R e M — ) A28 A 7R g ) 42 ar 155346 05947
RE, ST e 5 e XA (RIS TR 4 7RG B2 35 (3R 5) bor 39286  0.2541
VPRI T SR B 2 W22 b, ase7 oams o
Gt A5REW, ANRISAIEFUNRG AR ¢ 00479 0.0006

R, HgERAHMLA LMK NME-QMCW ,
GMCW. BMCW. QMCW, Hr, NME-QMCW f]

x5 ARARABEERSHMGITERMEGRNE
2 A e by = g L A A
RMSE. MAE # RadJ SHARPRERIEAL, I Table 5 Parameter estimates and goodness-of-fit statistics for different

Re AT #2851 8 55 3 2 G B AL

maximum crown width models

J5r . AR R AL R 5 20 T 58 0 4 40 A (0 1 SLRAE o VR
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