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and mixed-effects based on nonlinear regression and generalized models. And fitting effect and prediction
accuracy of nonlinear models, different quntile models (z = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9),
generalized models and nonlinear mixed-effects models were compared and analyzed, so as to provide
theoretical basis for further study of stand growth and harvest. [Method] Based on 21.12 ha sample plot
data, taking the main tree species (Pinus koraiensis, Acer mono, Tilia amurensis and Fraxinus mandshurica)
from coniferous and broadleaved mixed forest of Jiaohe, Jilin Province of northeastern China as the research
object. And the base model was first selected from 11 widely-used tree height equations, then we explored
the influence of stand variables on tree height and constructed generalized model containing stand variables.
Finally, on the basis of basic model and the generalized model, the quantile model was constructed, and the
mixed-effect model was established considering the impact of sample effect on tree height. [Result] (1)
Richards was selected as base model for all tree species because of its higher fitting accuracy and biological
significance. And considering the correlation between stand variables and tree height and the convergence of
models, the generalized model established by adding dominant tree height can significantly improve the
fitting effect. (2) All models based on the median (z = 0.5) performed best, and the prediction accuracy was
close to the nonlinear regression. The highest R* values of Pinus koraiensis, Acer mono, Tilia amurensis and
Fraxinus mandshurica were 0.811, 0.809, 0.724 and 0.617, respectively. The generalized median regression
prediction ability was further improved, and R* values were 0.891, 0.874, 0.858 and 0.627, respectively.
(3) Mixed-effect models can significantly improve the prediction accuracy compared with other models,
among which base mixed model was slightly better than generalized mixed model, and the R* values of four
tree species reached 0.937, 0.919, 0.906 and 0.643, respectively, indicating that mixed models including
sample effect can improve the more accurate and stable prediction results. [Conclusion] Compared with
base model, generalized model and median regression model established by traditional methods, the height-
diameter model based on nonlinear mixed-effects has higher prediction accuracy, and base mixed-effects
model has superiority and stability for height-DBH model construction of mixed forests in Jiaohe, Jilin
Province of northeastern China.

Key words: quantile regression; tree height-DBH model; mixed-effect model; generalized model; broadleaf-

conifer mixed forest
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Tab. 1 Main indicator statistics of dominant tree species
W Fof HEY EZ: S G713 g e T TR/ (m? hm ™)
Tree species Important value Abundance Frequency Basal area/(m*ha™")
O ARM, Acer mono 11.42 3071 505 87.58
KA Fraxinus mandshurica 11.13 1861 420 119.81
LW Tilia amurensis 9.46 1825 472 84.91
ZL¥A Pinus koraiensis 8.21 1535 411 74.72
#2117 Syringa reticulata 7.28 3483 466 4.66
FWi Ulmus davidiana 6.79 2279 446 26.94
TP Acer triflorum 6.51 1474 444 41.76
5Kk Quercus mongolica 5.62 646 337 55.80
A 4B Acer mandshuricum 4.67 1492 358 15.56
F#E Betula platyphylla 4.44 876 249 36.81

x2 BAKS-IEEBLE RGIWEIE
Tab. 2 Fitting and testing data of individual tree height-DBH model

FEAEL

1% DBH/cm P Tree height/m

Dataset classification

Al

Tree species

Number of %ﬁ‘j{ﬁ %/J\ﬁ

WAE bEE CPHE mAME O BOKME bRdEE

sample Mean Min. value Max. value  SD Mean Min. value Max. value  SD

4LFA Pinus koraiensis 1226 19.14 160 7580 1590 1225 1.00 3340 675

15 KedR A Acer mono 2452 1413 1.20 88.80 1262 1122  2.00 3720 610
Fitting data S Tilia amurensis 1458 1986 1.20 7040 1376 1442 1.60 3270 6.36
KB Fraxinus mandshurica 1484  26.17 2.00 75.00 1232 17.82 2.70 27.30 4.15

ZLFx Pinus koraiensis 305 19.28 2.00 65.30 16.12 12.11 1.90 34.40 6.98

e A Acer mono 614 1432 140 62.00 1255 1149 120 2940 642
Testingdata it 7ilia amurensis 364 2012 170 6580 1460 1445  1.80 3400 6.68
JK BN Fraxinus mandshurica 372 24.84 1.80 62.40 11.76 17.75 4.50 27.00 4.21
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Tab. 3 Statistical table of stand description factors
J9 i T T A/ (m? hm ™) RS 5 BE/(fk-hm ) P BAA
y y Basal area/(m*ha™) Stand density/(tree-ha™) Dominant tree height/m
el 24 g ol . _ _ _ - -
Dataset classification Tree species SR w/ME Rl WdEE PR BR/ME RKRE K T R/ ME B W2
Min. Max. Min. Max. Min. Max.
Mean SD Mean SD Mean SD
value value value value value value
¥ Pinus koraiensis 3291 15.10 257.89 13.62 1223.63 350 2900 384.76 1630 1.80 33.40 6.97
WA EAR AN Acer mono 32.66 15.02 257.89 17.34 1244.02 350 3100 400.18 1698 4.00 37.20 5.56
Fiting data sy 7y amurensis 3400 1502 257.89 1438 128493 350 2900 387.05 19.62 340 34.00 4.79
KU Fraxinus mandshurica  31.44 15.02 257.89 15.41 1420.70 350 3100 447.84 2421 2.80 3530 4.49
2K Pinus koraiensis 3349 19.21 58.18 7.35 1215.16 450 2575 34634 1688 2.00 3340 7.14
Ko 1 Fr 4 ARME Acer mono 33.46 16.19 257.89 16.51 1258.15 450 2900 374.19 17.23 3.20 37.20 5.31
Testing data  weier 7354 amurensis 33.82 1502 257.89 1692 1310.16 600 2900 412.81 19.67 620 34.00 5.15
JKHIA Fraxinus mandshurica  31.91 15.10 257.89 21.16 1488.58 600 3100 443.16 24.95 1520 34.80 3.97
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Tab. 4 Candidate models of tree height-DBH relation

152 455 Model No. 1% 7 Equation 2 LR Reference
M1 H=13+p D" [14]
D ¥
2 - 1
M H_1.3+/51[1+D] [15]
_ B2
M3 H—1.3+exp(,Bl+D+1) [16]
M4 H=13+p[1-exp(-B:D)] [17]
- B
M5 H—1.3+ﬁlexp(D) [18]
M6 H=13+p[1-exp(-B82D)} [19]
M7 H=13+p, D207 20]
M8 H:1.3+exp(ﬁ1+D€2B3) [21]
M9 H=13+p1exp|[-B2exp(-B3D)] [22]
2
MI0 H=13+— " [23]
B1+B2D+B3D?
M11 H=13 B [24]

P T+ Baexp (D)

VE: M TNME ; DNIRAE; Bis Bos B NFRT S5, Notes: H is the predicted tree height; D is the DBH; f8;, f5, and f; are the model parameters.
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B2 R UL EFabrdb, iR E B (AIC),
DU 345 S HE U (BICO FIBLAR LA 56 (LRTO X VR &
N AR BEAT AR, ATC A1 BIC {6 /)N ) 2% BH A
RUHLA 85 B S, LRT /530 PAE# < 0.000 1, N
AT 72 5 B 2
AIC = —2L+24 (11)
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BIC = 2L+ Aln n (12)
A L R R B SRAE, A D [ 5 RS S50
s

M

R* U2 0.552 ~ 0.811, HAr£0 s, LBk ALl M6
Rl Richards #5841l A& 45 B & AL, AR Richards
PRI E 45 R 5 A AR AR Z= A o 8 A 56

om0 LG B AT VR LU SR E SR . B
Richards J7 F24E 7% 5 SCIA M RS 1M 5 e 2 W s,
BN IR IE & R W = 5 A% 2 TR 58 R B0,
LIS Richards 1E4 4 AMEFR I RIBIRL

22 JTNIREIME

X 3 AR REAE R 73247 AH DG 2 #, &5

W 6 AT o 4 A B A v AR 422 5 0 35K v 22
BFEIEMHRRRWP <0.01), AR LB .

2 HER G

ERERE

S AR VANI AV N 1 i e
X 4 ) 11 AR AL AT IS, LA MAE,.
RMSE fl R* B (3 5). g5 R, XFF 4 DWFH
W R R RIUE, S EA RIFRI . MAE
5 [ N 1.887 ~ 2.818, RMSE i [ N 2.557 ~ 3.582,

2.1

RS REERLE 5T

Tab. 5 Fitting and evaluation of candidate models

T 21K Pinus koraiensis EARBE Acer mono W Tilia amurensis JK MM Fraxinus mandshurica
Model  \jAE  RMSE R MAE  RMSE R MAE  RMSE R MAE RMSE R
M1 2.381 3.153 0.780 2.118 2.846 0.781 2.818 3.582 0.684 2.248 2.774 0.552
M2 2.361 3.128 0.784 2.080 2.806 0.787 2.521 3.357 0.722 2.079 2.571 0.615
M3 2.211 2.982 0.803 1.926 2.697 0.803 2.503 3.344 0.724 2.083 2.575 0.614
M4 2.179 2.945 0.808 1.895 2.654 0.809 2.530 3.343 0.724 2.088 2.575 0.614
M5 2.279 3.032 0.797 2.030 2.772 0.793 2.547 3.374 0.719 2.076 2.568 0.616
M6 2.140 2.925 0.811 1.890 2.654 0.809 2.491 3.332 0.726 2.063 2.557 0.619
M7 2.149 2.936 0.809 1.887 2.653 0.809 2.495 3.337 0.725 2.069 2.562 0.617
M8 2.144 2.932 0.810 1.888 2.652 0.810 2.496 3.335 0.725 2.074 2.565 0.617
M9 2.174 2.945 0.808 1.931 2.691 0.804 2.513 3.348 0.723 2.077 2.570 0.615
M10 2.146 2.935 0.809 1.887 2.652 0.810 2.493 3.336 0.725 2.068 2.560 0.618
Ml1 2.231 2.991 0.802 1.986 2.742 0.796 2.553 3.381 0.718 2.091 2.587 0.610

VE: MAE. P34 465 1% %5 ; RMSE. 2 7 1R 1% %5 R WL E 5% T IFl. Notes: MAE, mean absolute error; RMSE, root mean squared error; R?, coefficient
of determination. The same below.

®o6 MEHISHSEEMRXESH

Tab. 6 Correlation analysis between tree height and stand variables

e 7= 5 N T 0T AN g 7Sy =N
PR Tree species KT Factor Trefjh,?ight EIEI;I-_I H‘izihfe; ) Sti)fl(ji}dugrf;ty Domijinit)i7 t7r'§=,e,EJ height
W 5 Tree height 1.000
4% DBH 0.855™ 1.000
21K Pinus koraiensis i /= W T A Basal area 0.020 0.040 1.000
Ay 2 1% Stand density 0.010 0.006 0.092" 1.000
4 A % Dominate tree height 0.587" 0.440™ 0.069" 0.018 1.000
4 i Tree height 1.000
fif14% DBH 0.845™ 1.000
AR Acer mono i) #5567 T £ Basal area 0.031 0.030 1.000
433 % Stand density -0.284"  —0.270" 0.089" 1.000
it 5 Dominate tree height 0.484™ 0.353" 0.139" -0.261" 1.000
W Tree height 1.000
fi)%% DBH 0.776™ 1.000
M Tilia amurensis i /=1 T £ Basal area 0.068" 0.064™ 1.000
4% % Stand density -0.207"  —0.200" 0.105" 1.000
it K = Dominate tree height 0.537" 0.294™ 0.178" -0.175" 1.000
5 Tree height 1.000
[l 4% DBH 0.684"™ 1.000
JK BN Fraxinus mandshurica i Wi £ Basal area 0.067" 0.133™ 1.000
R4 % B Stand density -0.037 -0.081" 0.084™ 1.000
35K & Dominate tree height 0.256™ 0.264™ -0.021" 0.318™ 1.000

VE: T RAHEANTERE P<0.01 KT LEEZEMRK, W RARFHNEEA P<0.05 KT ERFEML. Notes: ™ means significant correlation at
P <0.01 level between two variables, * means significant correlation at P < 0.05 level between two variables.
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T3 PR ARSI, 3K R B AN IR 34 A 1 T S A v
BEAIREFE o DRI AS FU R AR OB R IE A

H=13+@+aHp)[l—exp(-AD))*  (13)
A Hy NEAMF A AR S, Hy, N5 i M7
FIRE AR, Bis Bas B3~ art WAL SHYL.
2.3 SrEEYS

FERF I 5 4k (= 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9), %&T Richards 77 F2H) FH 4347 % 7] 4 43
FIRLE A B2 ok RARRLCGR 5D R ENE VRN R
T 6 56 AN [R] 2307 BORS 72 S5k W A )40 5 FE P (R 7D,
FERIRE RS 2 Ay A B R AR R 1 e R R B I AE
0.6 LA, IS0 i (b i 7 FE 35 B A B i i 4
AR Hd o=0.5 PR AL EL R ) S 3R PE R )E 1)
WA RO FEAR — B W T o 7 B m AR 8 (1 R
TEES
FIH R 2 5 @ 209% 038 K4 K 56 45 7 ()
TR GE F1 (% 8)0 AL F A A 150 5l R = o0 i %
HAE(=0.1,05, 09, A EH A (=01, 03,
0.5, 0.7, 0. R JL o F 4l A (= 0.1, 0.2, 0.3, 0.4,

0.5, 0.6, 0.7, 0.8, 0.9, Ff ALt A B4 T 2 A B 4
P 2 R R TN % 2, T 1B A0 45
S L 10 R KB AT LA (L R EE AT T . 45
SRR W T LB A, = AL EOR Ha B
A HITINRS BE T U AL s R A
05 285 SR WS A T A A7 0 [ U, I At A A 2 i
K R YA T FR AL BBl )5 o (R, ASHIF 70 3% 3 b 47 5
N 4 AR )RR 23 5 Bow v it Ze N3 T L
DA RIS
24 LM REMNRENE

TE SR AR AT SUBEARY I hk |25 FERE 5 2850 5
W i B2, TE 4 AN BRI SRR AR 2 B 38 A 5 A
BEMLAL, HE 8 Fhif U S (R 9), Z0A. E A K
AN I 1 AN BE B RS S BN A RO B A, T
AT 2 A BE LS F000 TR A 45 ) 7000 RS 5 o v
B R R o

H =13+ B +ui)[1 —exp(-BD)* (14)

H =13+ B +u))[1 —exp(-poD)]|F++2)
T g up AFETT K HIBENL S5

ET ARV LR b, 5| AR AT FEHL
RSAE N B AR AT SR A SRR, 4 B R
A 13 g SR 9, 15| AN 3 NLL ERENLS

(15)
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Tab. 7 Goodness-of-fit tests for quantile regression models

21K Pinus koraiensis O ARME Acer mono LR Tilia amurensis KM Fraxinus mandshurica
34X Quantile
MAE  RMSE )'s MAE RMSE R MAE  RMSE )'s MAE RMSE R
Richards 2.140 2925 0811  1.890 2.654 0.809 2491 3332  0.726 2.063 2.557 0.619
0.1 3415 4497 0780  3.103 4105 0770 4029 5166  0.696 3.426 4.156 0.614
0.2 2779  3.826 0793 2460 3406 0793  3.140 4238  0.715 2.680 3.387 0.615
0.3 2368 3322 0.805  2.081 2963 0.804 2742 3791  0.720 2323 2.976 0.615
0.4 2179  3.063  0.809  1.924 2764 0.807  2.520  3.493  0.723 2.116 2.693 0.615
0.5 2,122 2942 0811 1.873  2.666 0.809 2461 3374  0.724 2.056 2.583 0.617
0.6 2,191 2953 0810 1918 2675 0.808 2542 3363  0.724 2.119 2.596 0.616
0.7 2440 3181  0.807 2161 2.897 0.803  2.830 3.630  0.719 2.372 2.846 0.614
0.8 2912 3.690 0797 2577 3354 0791 3388 4268  0.697 2.887 3.422 0.615
0.9 4081 5027 0753 3451 4293 0762  4.629 5519  0.679 3.965 4582 0.602
8 SMUBEBIEEMNER
Tab. 8 Quantile model validation evaluation results
ZLKA Pinus koraiensis — E3 KM Acer mono 4% Tilia amurensis /K MM Fraxinus mandshurica
J71% Method
RMSE MAE RMSE  MAE RMSE MAE RMSE MAE
HA7 3 A1) Median regression 2.963 2.094 2.898 2.020 3.540 2.549 2.560 2.050
JU i B4 A Nine quantile combination  2.956 2.118 2.997 2.185 3.510 2.761 2.601 2.150
T %41 4 Five quantile combination 2.927 2.095 2971 2.155 3.507 2.758 2.602 2.152
=5 $4H & Triquartile combination 2.926 2.092 2.983 2.162 3.596 2.851 2.592 2.139
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Tab. 9 Verification and evaluation results of mixed effect model

FERIR A BN AR A
Base mixed-effect model

TSR A R R

Generalized mixed-effect model

P Fif ¥ N
Tree species KBl WHLZ %
Random AIC BIC L LRT P Random AIC BIC L LRT P
parameter parameter
iy 56193 56448 —2804.6 iy 53469 53775 -26674
T RN
/I,M LU, up 56432 56789 -—2814.6 19.8782 <0.001 u3 53542 53848 —2671.1
Pinus koraiensis
up, u3 53509 5391.8 —2667.5 7.2380 0.0268
u 10966.2 109952 —5478.1 u 10597.5 106323 -5292.7
A uy, up 109622 110029 -5474.1 7.9649 0.0186 u3 10602.8 10637.6 —5295.4
g
Acer mono up, u3 105942 10640.6 —5289.1 12.5719 0.0019
uy, up 10601.4 10647.8 —5292.8
uy 7109.6 7136.0 —3549.8 u 66625 66942 -33252
L 3 6661.8 66935 —3324.9
Tilia amurensis
ur,u3 66658 6708.0 —33249 44150 0.9987
K uy 7007.8 70344 —3498.9 uy 6966.0 6997.8 —3477.0
Fraxinus u 7009.0 70355 —3499.5 u3 69643 6996.1 —3476.1
mandshurica uy, up 7011.8 7049.0 —3498.9 1.1269 0.5692 up,u3 69649 70074 —-34745 33229 0.1899

VE: AIC. 7R UAF BN BIC. VL8745 2 W5 L X EAUSRME ; LRT. AR LL RS 36 . Notes: AIC, Akaike information criterion; BIC, Bayesian

information criterion; L, log-likelihood value; LRT, likelihood ratio test.

K, BRI A5 NS 5wy B LT B i A 2R A
51 N Z $us I 548 Fe K il 400 B s 55 2R ALC
BIC {E /N, H LAEIEBECK, 10 AR LA BEATL R0
VB FH T g Al s 15> 2 B30 A58 F00H T I v, — M
eI | s

H=13+(B +u;+a Hp)[1-exp(=B:D)}*  (16)

H=13+ [,81 +u1,~+(a1 +u3i)HD,,~] [1 —exp(—ﬁzD)]B3
7

* 10

H=13+[B1+ (a1 +uz)Hp,][1 —exp(-52D)]”*  (18)
A wyin uz WEETT KIS EL
A RN & O B i TR B N AR Y, 2
HAGTHE WA 10,
2.5 RENFMH 5
4RI SR A S E LR 1. 851 3E
BH s B TR G RN S BRSBTS SR L S
AL s FEA S BENL N ALY rh Rz 3R] )
AN — S SN ) SUBERURS B 22 S 5/ T R Ar

REVMRESE G

Tab. 10 Parameter estimates of mixed-effect models

FERIR A BN AR A
Base mixed-effect model

7SR & R R R

Generalized mixed-effect model

BH
[\ N ] o I
Parameter 242 ekl it i s kbl i KD
Pinus - . Fraxinus . L - . Fraxinus
.o Acer mono Tilia amurensis . Pinus koraiensis  Acer mono  Tilia amurensis .
koraiensis mandshurica mandshurica
N
NG S (14) (15) (14) (14) (16) an (18) (18)
Equation No.
a 21.192(0.387"") 18.626(0.251"™) 19.366(0.263"") 20.021(0.190™) 9.186(0.535™) 7.776(0.467""") 4.522(0.468™") 16.513(0.523™")
b 0.065(0.004™) 0.085(0.004™) 0.100€0.005") 0.101€0.007") 0.071€0.004™") 0.092(0.004™) 0.104(0.005"") 0.110€0.007"*)
c 1.366€0.056™") 1.142€0.033™") 1.367(0.066™) 1.445(0.126™") 1.305(0.057"") 1.142(0.034™") 1.322(0.066™") 1.567(0.142")
a; 0.577€0.024™") 0.554(0.023") 0.715(0.022"") 0.132(0.019™")
oﬁ] 14.927 2 10.920 5 11.4107 0.2019 2.8770 14.850 5
o2, 0.0119
02,,3 0.038 0 0.001 7 0.000 4
Oujuy 0.162 1
Ouyuz -0.718 2
o2 3.6370 3.638 8 4.908 0 6.4223 3.8113 3.8589 52759 6.2015

VE: RINE P<0.001 /KF L. Note: ™ means significant at P < 0.001 level.



36 b M ok Ko ¥ R 46 &
* 11 WE-HMERENSTFNGITE
Tab. 11  Fitting and evaluation statistics of tree height-DBH models
B N PSR {7 25 [51)3 Median quantile regression  EZE IR A 2% Nonlinear mixed-effects
W Fif _ fabr ALY Generalized — X — -
Tree species Index Base model {7 B AR Y ] R i L AR Y ] AR
model Simple model ~ Generalized model Simple model Generalized model
MAE 2.140 1.669 2.122 1.666 1.259 1.358
21K Pinus koraiensis RMSE 2.925 2.225 2.942 2.228 1.687 1.826
R 0.811 0.891 0.811 0.891 0.937 0.927
MAE 1.890 1.575 1.873 1.568 1.258 1.359
KW, Acer mono RMSE 2.654 2.159 2.666 2.166 1.740 1.875
R 0.809 0.875 0.809 0.874 0.919 0.906
MAE 2.491 1.722 2.461 1.706 1.399 1.611
M Tilia amurensis RMSE 3.332 3.379 3.374 2.401 1.955 2.235
R 0.726 0.860 0.724 0.858 0.906 0.877
MAE 2.063 2.041 2.056 2.031 2.004 2.527
KM Fraxinus mandshurica RMSE  2.557 2.524 2.583 2.536 2.478 2.038
R’ 0.619 0.629 0.617 0.627 0.643 0.629

HORE R LE TOORG B b o T A A B A e e,
ZLAN . C R B SRR K il A0 A Y R 43 ) 42 v
7 9.9%- 8.0%- 18.5% 1 1.6%, MAE 1843 5| F&I% T
27.4%. 19.5%. 44.3% H1 1.2%, RMSE 1t 7> 5 T B
T 32.0%- 23.1% 40.5% F 1.9%. 7538 N bf AL 2N
AR, AR SR LA 45 R AL T SR
AR, 4 MR R AR Al T 1.1%- 1.4%. 3.3%
A 2.2%, (HFE ARG REER . A, AR, &
BRI 7 HAGD P S Atk Vi RIS AN T SUTR A R ABE B 1)
BeZE AT BB 1 B, BRZE AR, A
I BA 2 R AS RN T AR, 3 i B %0 A ) VR A R )

524 Residual/m

BHWHER T ZIR.
TR 200 A 2R [ AT 2850 S e PR AL B e A
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g £ 5 - —
= =
S . 3
3] 5 0
~ ~
s H
b & st
710 1 1 1 1 1 1 710 1 1 1 1 1
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FIH 28 27D 53 5l v S5 R A 5 FE 90L& B0 (R 7 1
BENLSEL (RIS 5 SE R | SRR RN 4307 O A
(TR B AT L, AR IS 45 SR a0k 12, ATLUR H,
VB R BB A () MAE A1 RMSE 1 2 /) T He At 5
B, AR AL R A 8] T R E RS, HAp
BV AR AR LG T SR A A TN A B T
3 3t g
3.1 ETEMEREHAEEA

oL 0] U B f A IR 38 2% 1 T A R 1 o0 A
B, A1 BE R R 4 7 s B R A% i 2R 1 TR AR
B, fEGe i e /N 3k By 2R AR PR, 52
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Residual plots of base mixed-effect models (A1, B1, C1, D1) and generalized mixed-effect models (A2, B2, C2, D2)
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Tab. 12 Goodness-of-fit statistics of tree height-DBH models

17 %1 [\ )9 Median quantile regression

ELE 1 IR & %4 Nonlinear mixed-effects

~ " y 1
A T i
Tree species Index Base model model ] B I Lt ] AR e Eit
Simple model Generalized model Simple model Generalized model
MAE 2.128 2.119 2.094 2.163 1.600 1.856
2K Pinus koraiensis
RMSE 2.963 3.024 2.963 3.063 2216 2.635
MAE 2.018 1.906 2.020 2.052 1.620 1.712
KBk Acer mono
RMSE 2.867 2.782 2.898 2.944 2.341 2.529
MAE 2.571 1.685 2.549 2.697 1.609 1.635
LB Tilia amurensis
RMSE 3.471 2.349 3.540 3.754 2.058 2.206
K i MAE 2.041 2.037 2.050 2.051 2.039 2.049
Fraxinus mandshurica gpSE 2.526 2.517 2.560 2.561 2.528 2.534

FHEE 2B 2BV ELAG 5 0 A (g 1) S 50 THE, A
o M AR R P A B i, % 3 38 R TR
SO o FEAN[F) 3 AL W s — B A B 2, [ B
ST R B AT H = A8 B SR
I3 B A AR R AL, T8 A SR R I H A
R AR T ARG A [ s AR S 2 AR R IR AL A
5 E G B E PG SO A — 5. St Xt
11 AN AELR PR (A L %L, 1% 4% Richards 757 R4
RIS R IR AT o A B E A, A A B B3 A
RO B 4 ADFFPE R B KT 0.6, X5 B 1 T
MIge J) AN T AE L6 PE R H, X % B Richards 77 F2AE
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