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Study on Growth Model of Individual Tree Basal Area of Quercus sp. and
Cunninghamia lanceolata Forest Based on Mixed Effect in Hunan Province
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Abstract The growth model of basal area of individual tree in mixed forest of Quercus sp. and Cunninghamia
lanceolata was constructed to provide reference for the production and management of this type of forest. Based on
the data of 1 646 Quercus sp. and 1 154 C. lanceolata in 31 plots in Hunan province, seven common models were
used as the individual tree foundation models of Quercus sp. and C. lanceolata, and the mixed effect models of
single wood basal area of Quercus sp. and C. lanceolata were constructed based on the sample random effect. The
results showed that the optimal basic model of basal area of Quercus sp. was Gompertz, and the optimal basic model
of basal area of C. lanceolata was Logistic. Compared with the basic model, the determination coefficient R* of basal
area mixed effect model of Quercus sp. increased by 0.053, while SSE and RRMSE decreased. Compared with the
basic model, the determination coefficient R of basal area mixed effect model of C. lanceolata increased by 0.035,
while SSE and RRMSE decreased. The mature age of Quercus sp. basal area was above 50 years, and growth rate of
C. lanceolata slowed down gradually in about 30 years. After further considering the random effect of sample plots,
the fitting accuracy of Quercus sp. and C. lanceolata individual models were significantly improved, it indicated
that the basal area growth of Quercus sp. and C. lanceolata was influenced by age and plot.
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Table 1 The basic situation of sample and wood

[R5 7 Rl A5 FEAS fe/IME. R A brifE2E
Factor type Variable Sample size Max Mean Standard error
. KR /m 31 1170 495 315
=giii)
bl 31 46° 31° 8°
WL/ a 1646 159 26 12
BRI EA% fem 1646 59.0 9.4 2.9
Wi A /m’ 1 646 0.002 0 0.273 3 0.008 4 0.003 1
AW/ a 1154 32 10 3
(N EA% /em 1154 39.8 10.9 3.1
Wriai AR /m’ 1154 0.002 0 0.124 3 0.0110 0.004 2
% 2 EaiREIRIEK
Table 2 The expression of base model
7 BT 24 FR BT R A
Serial number Name of model Expression of model
1 2t Y=¢-A+¢,
2 !E/TQ%I Y = gol . A¢2
3 KRR Y=g A +¢, - A+q,
4 Schumach -
chumachner Y=(01'€A
5 Richards Y=g (- e 4 Mg
6 Gompertz Y=¢ .e_‘/’Z'e%'A
(%]
7 Logistic Y= ——
l+¢p,-e?®

TE: YONBTTAR A AR 0,0 0,0 0 WEIHIZHL

Note: Yis the basal area; 4 is the age of trees; ¢, . @,. @sare the model parameters.
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R, it SRR, PR IR 3 A&
BRI ( 2Pk, FRECR R R ) A4 AR
# ( Schumacher, Richards, Gompertz, Logistic )
VS S AUL T TR ARUAE G A A AR, R AR Y 1)
k=R 2.
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Y, =f(¢ij’Afj)+gij
i=l-m j=1-n
¢ij = aijﬁ + bijul.

u; ~ N(O, 1//)
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Fig.1 The growth law of Quercus sp. and Cunninghamia
lanceolata



22 Mol 5 36 55 BE 2% 2020 4F 8 J45 36 55 4 M

R IMEELARMERERERYPSER

Table 3 The fitting results of basal area model of Quercus sp. and Cunninghamia lanceolata

Al BRI S PN RIS
TRf e 75 Model parameter Evaluation indicator
Species Model )
number O 0, s R SSE RRMSE/%
1 0.001 -0.012 0.625 0.089 8.75
2 9.3*%10°° 2.006 0.838 0.038 5.72
3 1.1%10° —-0.0001 0.003 0.841 0.038 5.72
IS 4 0.424 136.149 0.711 0.068 7.65
5 0.336 0.011 2.997 0.802 0.047 6.36
6 0.478 6.044 0.014 0.845 0.037 5.64
7 0.027 0.039 0.000 0.823 0.042 6.01
1 0.003 -0.015 0.686 0.04 5.35
2 7.9%107 2.076 0.742 0.033 4.86
3 0.000 1 -0.000 2 0.001 0.741 0.033 4.86
A 4 0.175 29.568 0.692  0.039 5.28
5 0.286 0.034 2.725 0.733 0.034 4.93
6 0.285 5.999 0.056 0.736 0.034 4.93
7 0.129 79.405 0.182 0.746 0.032 4.79
R AGENREESVEEELEER
Table 4 The fitting results of mixed effect model of Quercus sp.
—
i KBS 2L Eval:ig)rj l?IT?JT\icator
Model Random parameter
BIC LL
HERAE Y None -11682.7 -11648.2 5848.233
TRA RN o -15812.9 -15778.5 7913.362
% 5 KRB AR MEBN AR
Table 5 The fitting results of mixed effect model of Cunninghamia lanceolata
T
i KBS AL Evahjii{f)[\j l?IT?JT\icator
Model Random parameter
AIC BIC LL
FER AR None -5797.26 -5767.81 2905.531
TR BN AR ) -6 720.09 -6 690.63 3366.943

& 6 EufitEE 5E A M NARB IS BRI

Table 6 Comparison of the fitting results between basic and mixed effect model

#5ZE Quercus sp.

KA Cunninghamia lanceolata

57 Model

R SSE RRMSE/% R SSE RRMSE/%
FEAAR R 0.842 5.58 0.747 0.011 4.82 5.58
TRA S AR T 0.895 472 0.813 0.009 3.94 4.72
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