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Abstract: [Objective] This study aims to develop crown radius models for Larix gmelinii based on the
theory of generalized additive model (GAM), and compares the predictive accuracy with the aggregation for
crown radius and crown width, and providing theoretical foundations and practical guidance for predictions
of crown radius and crown width in Larix gmelinii. [Method] The research subjects were 3 444 Larix
gmelinii trees from 68 natural forest plots in the Greater Khingan Mountains of Heilongjiang Province,
northeastern China. From eight crown width-diameter base model fitting results, the model with the smallest
Akaike information criterion (AIC) and Bayesian information criterion (BIC) was selected as the base

models for each crown radius. Single-tree and stand factors were introduced into the optimal base models to
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construct the generalized models. Based on the constructed generalized models, the aggregation and GAM

theory were used to build a system of compatible models for each crown radius. [Result] (1) The base

model fitting results indicated that the optimal base models varied for crown radii in different directions.

(2) Introducing variables such as height to the crown base, basal area, and quadratic mean DBH into the base

models for different crown radius directions all improved the model fitting effects. Subsequently,

generalized models containing single-tree size and competition variables were constructed for each crown

radius. (3) The comprehensive comparison of compatible models of crown radius and crown width based on

the aggregation and GAM methods showed that GAM had better fitting effects and predictive accuracy, and

the predictions for both crown radius and crown width was better than that of aggregation method.

[Conclusion] Each crown radius of Larix gmelinii exhibits different growth trends. In the crown radius

model for Larix gmelinii, the predictive accuracy of GAM is superior to that of aggregation. GAM not only

does not require strict model assumption but also simplifies the selection process between predictor and

response variables. Therefore, from the perspectives of model assumptions and application convenience,

GAM is recommended for predicting crown radius and crown width in this region’s Larix gmelinii forests.

Key words: Larix gmelinii; crown width; crown radius; aggregation method; additive model
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Tab. 1 Basic information of larch natural forest
& WE BME BOKME beiEz
942 (D)/em 10.74 5.00 2820 4.10
B i (H)/m 10.80 3.40 2330 3.20
B R i(Hep)/m 532 0.60 1440 2.29
o P EIR1R(Dy)/em 1144 919 1502 129
A S (Hp)/m 1568 11.13 2020 2.16
MH A2 (Dp)em 19.48 1396 27.10 2.60
&% EL(RHD)/(m-cm ™) 1.05 049 199 022
FA(CL)/em 548 0.70 14.60 2.05
HAKF(RCL) 0.51 0.08 090 0.14
B2 BT (4p)/(m? hm ) 18.73 453 3742 8.03
4355 B (N)/(Bk -hm 2) 1837 528 4400 835
KT R GARBHAMBALY/(m*hm™®) 12.60 0.00 3742 7.78
HRid 42 (CRg)/m 125 010 460 051
R 2F42(CRg)/m 130 0.10 3.50 0.49
P56 12 (CRy)/m 124 010 450 0.0
JE5eEF42(CRy)/m 122 010 400 052
EIR(CW)/m 250 040 640 0.76
350 M b
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250 F
2001
150 F
100 |
50 h
0 n n n P — J
0.2 0.4 0.6 0.8 1.0
R TEA T FRFEEL
K2 (REEMMER
Tab. 2 Candidate base models
P SenfiE R SCHik
Ml CW =bo+b D SRR [23—24]
M2  CW =bhyD" TRECEEIE)  [23-24]
M3 CW =bo(l-exp(-bD)) 5T [23]
M4 CW = (D/(by+b1 D)) S B R TR [23]
M5 CW =exp(bg + b D) R [24]
M6  CW =1/(bo+bD) S A R [25]
M7  CW =by+bD+byD? it ¢t [23-24]
M8  CW =bho+b D WHRACERIE (3]

VE: bos by Fb, RIS 4.
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Tab. 3 AIC and BIC values of basic models

) B
AR ERAEELD
Ml M2 M3 M4 M5 M6 M7 M8
AIC -5521.6 -5513.3 ~5465.8 -5 467.1 -5512.7 -5 469.8 ~5519.9 ~5519.6
CRg
BIC ~5509.3 ~5501.0 ~5453.5 ~5454.8 -5 500.4 ~5457.5 ~5501.5 ~5501.2
AIC ~5903.0 ~5908.2 ~5870.5 -5 874.0 ~5872.8 ~5804.7 ~5905.3 ~5845.4
CRg
BIC -5 890.7 ~5895.9 ~5858.2 ~5861.7 -5 860.5 ~5792.4 ~5886.9 ~5826.9
AIC ~5618.8 -5 605.3 -5 548.0 ~5555.2 ~5619.7 ~5594.6 ~5619.2 ~5617.7
CRy,
BIC -5 606.5 ~5593.0 ~5535.7 ~5542.9 -5 607.4 ~5582.3 -5 600.8 ~5599.2
AIC ~5201.0 -5 184.6 -5 129.1 ~5135.5 ~5205.7 ~5187.6 ~5203.2 ~5201.8
CRy
BIC -5188.7 -5172.3 -5116.8 -51232 -5193.4 -5175.3 -5 184.8 -5 183.4

iz AICT R R BB AR, BICTY VU85 S .

®4 TEMBFEEBENTEHSIUSIER

Tab.4 Variable combination and fitting indexes of

models with different crown radii

poee MRAIYL A AIC
iy it -5521.6
SRR + Hep -5612.8
CRg
FERIARA + HeptAp -5 642.6
FEABETY + Hopt+Ap+D, -5 660.6
SRt A —5908.2
CRg BLRBR + Hop —6095.5
FEREBIAY + HoptAp -6 119.1
SRR -5619.7
CRy, BETHERY + Hep -5751.1
FEAAETY + HoptAp —-5813.5
SRt A —5205.7
CRy BRI + Hep —5300.2
BRI + Heptdg —-5353.1

TE: Hop. BN Ap. TFAWBTHR; Dy #R20-TBIM12.

R 52 A 3500 76 2 AR R I A T R 2% R AL
iR 6 MFE 5K BRE S AT A (3R 6) . DS FE 2% R
HAE W AR BRI E RO Bt R AT 7 ik
% DS FEAR B E N AL FE SRR, P TS
SEEPLE X LA AT . JE T DS FEAR R B — B A
BRI AR (R Do ESHWMAESH I PEYY
/NT0.001, KK AT D Hegs Ag Rl Dy 4 #5447
PR BE M. SRS 2L
PEXRR, GHME LR W EIELEXR.

ke 22 43 M 43 3], W8 7 = 425 i i 4 388 Jon o 840K
5N m 2O BRSPS AR 0, #4E
RS KGN, BEJE BRI R . £E 15 ~ 25 m’/hm’
(A BT T AR (A XN, P12 5 A Z I
KERGE RS BEN, R X ] A 58
WA BIEFERE. U ATWImALE 15 ~ 18 mYhm?
B, B 56 AR B A B30T 3G 00, 7E 18 m*hm* &b
IR BN A A 18 ~ 22 mYhm? B, B AR B A
BN £E 22 ~ 25 m¥/hm? I, B4 e 242 F VR B
Ag FI3E I I CE 2.
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Tab.5 Model parameter estimation and significance test based on aggregation method

PR S5 R, ) SO R R AR TR &

by b, by by by
i

fhvHE P fhvHE P v P fhvHE P fhvHE P
CR; 0.828 4 0.000 -0.042 4 0.000 0.005 3 0.000 -0.0187 0.000 0.071 6 0.001
CRg 0367 1 0.000 ~0.012 3 0.000 0.001 1 0.000 0.6029 0.000
CRy, -0.2160 0.000 ~0.041 5 0.000 0.005 8 0.000 0.0499 0.000
CRy 02214 0.000 ~0.036 7 0.000 0.005 5 0.000 0.048 1 0.000
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Tab. 6 AIC and BIC values of the model function with different crown radii

Joves P RE =T
BS CR DS GP PS TP
AIC -5829.1 -5873.1 58742 -5871.7 —5827.6 58718
CRg
BIC ~5798.4 —5842.4 —5843.4 ~5840.9 ~5796.8 —5841.1
AIC -6233.2 62533 —6257.3 —6253.5 —6232.1 —6253.7
CRg
BIC —6208.7 —6228.7 -6232.7 62289 —6207.6 —6229.1
AIC -5997.9 -6 000.3 -6 010.2 -6 009.5 —5996.2 —6 009.9
CRy,
BIC -59733 -5975.7 ~5985.6 ~5985.0 -5971.6 -5985.3
AIC ~5493.0 —5545.9 -5552.1 -5538.0 -5492.8 —5535.4
CRy
BIC —5468.4 -55213 -5527.5 —-5513.4 —5468.2 -5510.9
FTT ITUINERBEZREREEIUNEER
Tab. 7 Fitting results for each crown radius of generalized additive model
e ESHm
jEA%
U fliTHE SE t P RRERU df F P
Sg(D) 3.63 316.14 <0.001
Se(4p) 9.50 13.15 <0.001
CRg o 1.244 7 0.007 3 1712 <0.001
Sg(Hcp) 1.00 97.70 <0.001
Sp(Dy) 5.96 8.49 <0.001
Ss(D) 3.92 343.22 <0.001
CRg as 1.2989 0.006 9 188.9 <0.001 Ss(4p) 9.82 17.31 <0.001
Ss(Heg) 1.00 202.34 <0.001
Sw(D) 4.62 251.17 <0.001
CRy aw 1.236 4 0.007 1 173.5 <0.001 Sw(Ap) 9.58 24.01 <0.001
Sw(Hcg) 1.00 190.18 <0.001
Sn(D) 3.70 247.64 <0.001
CRy an 12181 0.007 6 159.9 <0.001 Sx(4g) 10.26 21.64 <0.001
Sx(Hcg) 1.00 108.55 <0.001

s o ags oy Mo TE A2 0] BL A BIE, Sp Sy SwlSNERR & M F AL PRI DSHE 2% R 4L

PR GR &) MWEBEUE RE, HX T REVE, &
T SO PR A i M 44 3 MAE. MPB. RMSE 43
BRI 6.8%- 6.8%- 6.0%, Rl HH T 14.6%. M
B RE, HXTREVE, BT UM A e i
50 ff1 MAE. MPB. RMSE 43 | [ 1K 3.3%- 3.2%-
3.1%. ARIEAGTR ZE 0 BT o] LUE Y, PR T iR 304 45
FRUF, WA RN R EE 3D o, EEH
AR R TR R AR AR 2 B R, T SO PR AR B Y B

HEAC R 22 IR R o Al BN IR B 510 AR (E y = 03X
FEETN . B, ZRE KRBT SUMPERE R 40 £ A
R I8 R A, TR AR S -

3 3t P
B RS 42 R AR R 2 A5 VR 2 b () R AR, B

i SR AR ARAE AN [F) 7 1) b 2 B 5840 15 0 WF
T, BRTETE G, JERL K S BIR AR, 2%
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1.5 1.5 1.5 1.5
df=9.50 df=9.82 df=9.58 df=10.26
1 1.0 1.0
fm
B
pid 0.5 0.5 0.5 0.5
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Tab. 8 Fitting and test evaluation indexes of different models
TR For g6 s
Y R
MAE/m MPB/% RMSE/m R, MAE/m MPB/% RMSE/m
CRg 0.3420 274786 0.439 8 0.256 4 0.342'1 27.4919 0.441 6
CRg 0.3213 24.738 4 04113 0.2890 0.3212 24752 6 0.412 4
BETR CRy 0.3345 27.050 5 0.4301 0.252 8 0.333 6 27.0059 0.429 9
CRy 0.358 3 29.417 1 0.460 3 0.2150 0.358 2 29.433 4 0.4619
Ccw 0.436 9 17.507 8 0.560 7 0.447 3 0.4372 17.5318 0.573 0
CRg 0.328 0 26.3532 0.4259 0.303 5 0.340 3 27.3420 0.4415
CRg 0.3142 24.193 3 0.403 0 0.3176 0.3204 24.6849 0.4120
7 SR R CRy 0.3211 25973 6 0.4177 0.2951 0.323 7 26.209 9 0.421 4
CRy 0.3451 28.3300 0.447 2 0.261 6 0.353 8 29.067 7 0.458 4
CwW 0.407 1 16.313 8 0.527 3 0.512 8 0.4229 16.963 5 0.5555
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