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Table 1 Descriptive statistics of stand- and tree-level of natural Lari xgmelinii stand in Daxing'anling Mountains
4531 B e/MH SZON[E] SR N A5 7K

Group Variable Min. Max. Mean Std. C.V./%
P 1% Mean DBH/cm 7.00 14.80 10.96 2.04 18.64

S84 i Mean HT/m 6.66 19.55 12.19 2.73 22.44

Fr# Number/(trees-hm 2) 567.00 3850.00 1887.69 777.63 41.19

# M Volume/(m®-hm ?) 144.66 646.67 366.71 136.06 37.10

A B Crown density 0.40 0.85 0.67 0.08 11.94

Margaleffg 4 Ma 0.19 0.87 0.54 0.20 36.82

#43 Stand (n = 18) Simpson{& % Sp 0.05 0.73 0.50 0.19 37.66
Shannon-Wienerf $ Sw 0.21 0.57 0.37 0.11 28.46

Pielow#E 41 Pw 0.25 1.41 1.02 0.30 29.14

RZE M 0.03 0.48 0.25 0.11 45.36

KA U 0.42 0.53 0.50 0.02 3.73

MRE W 0.49 0.59 0.54 0.03 5.20

TR H 0.24 0.34 0.29 0.02 7.48

RS Age/a 20.00 234.00 70.60 42.88 60.74

J#44% DBH/cm 6.50 38.80 16.44 7.34 44.66

K Tree (n = 50) W HT/m 6.10 26.00 14.64 4.16 28.42
st CW/m 0.70 2.88 1.69 0.51 30.08

K CL/m 2.60 21.00 6.94 3.03 43.66

Note: DBH: diameter at breast height; HT: the height of tree; CW: crown width; CL: crown length; Ma, Sp, Sw and Pw are the diversity indexes of Margalef,
Simpson, Shannon-Wiener and Pielow, respectively;U, M, W and H are respectively the indexes of neighborhood comparison, species mingling, uniform angle

and competition.
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2 RGN

2.1 BRI
e 8 Fh fi 1k AL A h o, {X Mitscherlich,
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Table 2 The parameter estimation and goodness-of-fit for the base models

SR THE WAELE
P o) o] A Parameter estimation Goodness-of-fit
NO. Model Formulation . WERAK  PigRE HTRRE
a ¢ R} Bias/cm RMSE/cm
Bl Mitscherlich y = a(l =Exp(=bt)) 23.41 0.013 14 0.6285 247 3.17
B2 Schumacher y = aExp(=b/1) 1870  23.93 0.5897 277 3.38
B3 Logistic y = a/(1+bExp(=ct)) 18.75 5.755 0.04191 0.6243 242 3.17
B4 Gompertz ¥y = aExp(=bExp(=ct)) 21.92 2232 0.02345 0.6302 2.39 3.14

e y RN, R EER a. DRICATF IS
Note:y is DBH, ¢ is age, and a. b. ¢ are the estimated parameters.
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AR PRI E (7= 0.5289) BRARE Y

1.0 a ; : ; 1.0 b
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Fig.1 Relations between the parameters of Mitscherlich and the indices of stand-, tree-level, diversity and spatial structures
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Table 3 Goodness-of-fit for diameter growth model with stand-level, tree-level, diversity and structure variables

¥ ZHb WA
A Parameter a Parameter b Goodness-of-fit FEAF
e we s MW pe  pu WERE opagtine itz ANOVA
R, Bias/cm RMSE/cm
Bl 0.6285 2.47 3.17
MO V V J 0.743 1 2.11 2.69 <0.0001
M1 \ N N \ 0.7711 1.96 2.52
M2 V V \ J 0.7453 2.11 2.68
M3 \ N \ \ 0.7456 2.04 2.66
M4 V V J V 0.7987 1.92 2.43 <0.0001
M5 \ N N \ \ 0.7984 1.84 2.39
M6 V V J V 0.8245 1.67 2.23 <0.0001
M7 V N \ \ 0.7603 2.01 2.58
M8 V V J V 0.802 0 1.88 2.41
M9 V N N \ 0.7912 1.83 2.40
M10 V V J \ 0.8163 1.73 227
M1l \ N N \ \ 0.8257 1.68 222
MI12 V V \ J \ 0.8186 1.72 2.28
Mi3 \ N N v \ \ 0.7984 1.82 2.38
Ml4 V V \ J 0.8264 1.68 221 <0.0001
M15 \ N R v \ v 0.8265 1.68 221 0.4157

EANE RO ESE
Note: \ indicates that the variable was included.

Table 4 Selection results of diameter growth model of natural Larix gmelinii stand when

R4 AREMHRBAREREKBABMERFIEER

using mixed-effects regression techniques

ERE| R ZH ZHAH PRl fE SN TS S X EUUME BUALEREE PE
Items Model Parameter Parameter number AIC BIC Log-likelihood LRT P—value
El None 9 8773.91 8824.23 —4377.96
E2 a; 10 5628.26 5684.17 —2804.79 3158.93  <0.0001
E3 a 10 5629.59 5685.50 —2804.79
E4 az 10 5644.69 5700.61 —2812.35
KBS ES ay 10 5631.07 5686.99 ~2805.54
Random parameter
E6 b; 10 5321.24 5377.15 —2650.62
E7 aa; 11 5630.26 5691.76 —2804.13
E8 aay 11 5630.02 5691.53 —2804.01 0.2353 0.6276
E9 azay 11 5632.58 5694.08 —2805.29
E10 B4 Power 11 5611.80 5673.31 —2794.90 18.4562  <0.0001
T5 22K Ell TR 5 Exp 11 5625.34 5686.85 —2801.67
Variance function S i
E12 mcﬁbﬂ%@ﬁ 12 5583.78 5650.88 —2778.89 30.0214  <0.0001
onstPower
—Br AR5
N E13 12 3108.50 3175.59 —1542.25 2505.31  <0.0001
e [6] 5 51 4544 ARMA(L,1)
Autocorrelation structure =g
El4 13 —426.16 —353.47 226.08 3536.65 <0.0001

corGaussian
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(5630.02), {HIZ E2 W& G ( AAIC=1.76),
HLABISR Ao 6 45 S R BB E8 5 B2 [A] 14 2= Fh
ANEE (P=0.6276). HIL, ¥ a) VERILLTETH
HUR B KIR AR AR ML S5 & .

Y FRR B2 UL B 1 ABEALS R, ARG
AP TIR A 2P 225 R, 3 Fh s
T7 ZEMEE PRERM 25 R, 5 80N e pR i (A
E12) X} 507 22 MRS IERCR i 5 U0 TR i 0 (A
E10; P<0.01) FE%REL (BB E11; P<0.01 ),
BB R RS (B E12) Sy REmfita i iy fo
B [P S 544 (AR B WA B B AR IRC B, R AR
W BE BRI TR (B E10 ) M 242y pi s
KB AR A AR A BN AR Y (1) i S 7 2508 1 PR
FERLEY E10 JEAi b, iE—250t 4 Fhea) 70 454
PRI AR R BRI, 25 LA —F [ a5 5

T SIPFAA2ER) ARMAC(L,1) FIEZ5H4 corGaussian HE
IS, H corGaussian 25#4) i & 5 T ARMA(1,1)
GEF (P <0.01); BRI E13 5 E14 8] ()22 5 [A]kE
KE B FEAKE (P<0.01), Wi, FHA El14
VBRI DLAETE AR B AR AR A B TR A AR ASEARY

MGTENAA AR B A K IR | ) SRR
FNR A S H T DL A A S5 AR 5 R,
BB AARAIZHL a) F1 by AN (P=0.076 4 F110.0953 ),
HARBEIRB B EKFE (P<0.05), 3
RIGEFEEIRB . RGN R, 4 Bt A A
R ASHISE NN L 54% F1 17%, 1-F- 254 iR 22
FE AR ZE B R L) 72% . 70% F1159% . 57%:;
IRABREUN R E /N TN, 1 H 5 2%
MEWARR T RENG (K 2), RYIBR E14 fig
B TG JE D42 P A BROR AR T A 75 2K

RS AREMMBAREEERKEMER " WEAMBESEENSEMGITIINESE

Table 5 Parameter estimation and fitting results of base-, general- and mixed-model for natural Larix gmelinii stand
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Fig. 2 Residual distribution of base-, general- and mixed-model for natural Larix gmelinii stand in Daxing'anling Mountains
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Fig. 3 Effects of different variables on the diameter growth of natural Larix gmelinii Stand in Daxing'anling Mountains
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Diameter Growth Model Using Spatial Structure Parameters of
Natural Larix gmelinii Stand in Daxing'anling Mountains,
Northeast China

LYU Yuan-hang', YI Li-qi', WANG Ru-lin', LIU Zhao-gang"*, DONG Ling-bo'?

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

Abstract: [Objective] To study the effects of stand spatial structure on individual diameter growth of natural Larix
gmelinii stand so as to provide reference and support for the effective recovery of secondary forests in the region.
[Method] Based on 50 sample trees of L. gmelinii collected from the secondary forests in Pangu Forest Farm of
Tahe Forestry Bureau, eight commonly used forest growth models were compared and evaluated using NLS function
in S-Plus software, and the best basic model was determined. Then, the effects of commonly used stand factors, individual
tree factors, species diversity, and stand spatial structure on the diameter growth were quantified using the parameterized
method. Finally, the optimal mixed-effect model of growth for L. gmelinii trees were developed using NLME function,
and the goodness-of-fit of different models were systematically evaluated. [Result] Mitscherlich equation was
proved to be the optimal basic model of diameter growth for natural L. gmelinii stand, in which the coefficient of
determination (R,’) of the function was 0.6285. The parameter a highly related with the DBH of individual trees, and
the mean tree height, the mingling and the uniform of the stand, while the parameter » mainly related with the mean
DBH and the competition index of stand. The generalized diameter growth model could improve the value of R,’ by
about 31% (R,” = 0.8264) when comparing with the basic model. However, the technique of mixed-effect model
could further improve the value of R,” by about 17% (R,” = 0.971 0) when the random parameters (a;), heteroscedasti-
city function (varPower), and autocorrelation structure (corGaussian) were introduced. The results of 5-fold cross-val-
idation showed that the coefficient of determination, average absolute error and root mean square of the estimated
mixed-effect model were 0.983 8, 0.56 cm and 0.72 cm respectively, indicating the outstanding prediction accuracy of
the model. The simulation results showed that the amount of diameter growth increased significantly with the in-
crease of the DBH of individual tree, the mingling and the uniform values (the closer to 0.5, the better), but de-
creased dramatically with the increases of the average DBH, the average tree height, and the Heygi's competition in-
dex. The corresponding amount of diameter growth would be: +0.45 cm, +3.62 cm, +4.71 cm, —0.34 cm, —0.21 cm
and —0.73 cm, respectively, if the value of each variable increased by ten percent, however it highly depended on the
stand characteristics and growth stages. [Conclusion] The levels of stand uniform and competition will affect the
diameter growth of natural Larix gmelinii stand significantly, thus decreasing the competition levels of forest and cre-
ating (or maintaining) the random distributions and higher mingling degrees of the trees by appropriately cutting are
highly recommended for the forest management in the near future.

Keywords: Larix gmelinii; spatial structure; diameter growth; biodiversity; mixed model
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