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Development of a Site Index Table for Quercus acutissima Plantations
in the Mount Tai Region Based on Nonlinear Mixed-Effects Models
ZHOU Guang-feng, XU Jia, ZHAO Jin-hong, WANG Yu-shan, ZHANG Qian’

Taishan Academy of Forestry Sciences, Tai'an 271000, China

Abstract: Quercus acutissima is an important afforestation and ecological tree species. As one of its distribution areas, the
Mount Tai Region faces the pressing need to scientifically evaluate the site quality of its Q. acutissima plantations. This
study aims to develop a site index table for Q. acutissima plantations in the region, providing scientific support for site
quality assessment and management practices of local Q. acutissima forests. Taking Q. acutissima plantations in the Mount
Tai Region as the research object, this study uses 232 sets of tree height and age data derived from stem analysis of
30 average dominant trees. Based on five common growth models, this study adopts nonlinear mixed-effects models
(NMEMs) with plot-level random effects. It determines the reference age according to the coefficient of variation of tree
height across different age classes, compiles a site index table for Q. acutissima plantations in the Mount Tai Region using
the height relative dominance method, and evaluates the applicability of the site index table by the X * test and drop-point
test. The results show that: (1) the site index table can be used to evaluate the site quality of Q. acutissima plantations in the
Mount Tai Region. (2) the Chapman-Richards model is the optimal base model (R* = 0.657 5), which can serve as the
guiding curve. (3) all NMEMs outperform the base models, with the NMEM with random effects applied to parameter a
achieving the best fitting performance (R> = 0.979 2, RMSE = 0.658 0, MAE = 0.510 8). (4) the reference age is determined
as 40 years, with an index class interval of 1 m and a total of 8 site index classes. (5) the X * test and drop-point test confirm
the practical applicability of the compiled site index table. In summary, the site index table of Q. acutissima plantations in
the Mount Tai Region by NMEMs with plot-level random effects, is suitable for the site quality evaluation in the region.
Keywords: Quercus acutissima; Mount Tai Region; nonlinear mixed-effects model; site quality evaluation
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Table 1 Statistics of standard sample plots information
it F 41511 R

Item Group Number of plots

# k(<20 a) 16

H AR (21~40 a) 11

i AR (41~50 a) 1
B (51~70 a) 1

LM (T1 a) 1
)2+ (<30 cm) 22

Bk #JZ4(30~60 cm) 8
<500 m 11
500~1 000 m 19
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Table 2 Base model
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Fig. 1 Distribution histogram of diameter at breast height

IR A7, 5 R AR TR UL 45 45 R 1) RP 1)
KT 0.6, b, 55 1 ARG /R R UL Y

BN Z BN, A ML A AIC F1 BIC {8 & /M H.
logLik B 5K, B M1 UL 28 R el s B T A
S, B MS B A SO Bl . B M A

= 3 B ESR T
Table 3 Statistical characteristics of stem analysis trees
#Br/a FEARL IR /m Frifi2E/m 3MPbRMEZE L RY/m 3EbREZE FRY/m
Age class Number of samples ~ Mean tree height SD Upper limit of the 3 times SD  Lower limit of the 3 times SD
5 54 3.37 1.55 8.01 -127
10 57 6.09 226 12.88 -0.70
15 43 7.75 242 15.02 0.48
20 25 9.18 2.95 18.03 0.33
25 14 10.11 2.66 18.08 2.14
30 14 10.23 2.12 16.58 3.88
35 7 10.29 2.01 16.32 426
40 4 12.33 3.89 23.99 0.68
45 2 9.66 1.07 12.86 6.45
50 2 9.91 1.29 13.77 6.05
55 2 10.44 1.47 14.85 6.03
60 2 10.78 1.52 15.34 621
65 2 11.38 1.66 16.36 6.39
70 1 12.95 0.00 12.95 12.95
75 1 13.36 0.00 13.36 13.36
80 1 13.90 0.00 13.90 13.90
85 1 14.19 0.00 14.19 14.19
=4 BERERNIESER
Table 4 Fitting results of base models
fiA B
Model Parameter R AlIC BIC
a b c
EUL7/E2 %Y 1.4837 0.422 0 -0.003 8 0.600 6 1027.226 0 1041.013 0
PRA A 11.467 8 0.102 0 1.682 7 0.6572 992.043 8 1005.831 0
Mo 11.693 1 12149 0.083 0 0.657 5 991.807 3 1005.594 0
RS 10.931 0 7.3589 -0.188 6 0.651 1 996.094 0 1009.881 0
FIRR 13.729 0 9.8229 1.040 5 0.657 5 991.8357 1005.623 0
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Table 5 Fitting results of nonlinear mixed-effects models with random effects

ey BERLS AL SR _

Model Random parameter Parameter number AlC BIC logLik
Ml a 4 394.014 9 414.695 3 -191.007 4
M2 b 4 454.984 1 475.664 5 -221.4921
M3 c 4 454.984 1 475.664 5 -221.4921
M4 a.b 5 456.984 1 481.1113 -221.492'1
M5 a.c 5 395.998 5 420.125 7 -190.999 3
M6 b.c 5 456.984 1 481.1113 -221.492'1
M7 a.b.c 6 397.991 6 425.565 5 -190.995 8

T 22 PR A B0 A TR B 22 S 1 L A AL
J7vERT . A RAE 2 6 A M R £ K
(B2, W R, B M B 2 BERL A B4
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Predicted value
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Fig. 2 Plot of residual distribution for model M1
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Table 6 Estimated parameters of the optimal random effects mixed model

e el SR i HE FrifiiR VES brifE 22
Parameter type Parameter Estimated value Standard error Variance Standard deviation
a 19.203 5™ 1.5374
I A A b 1.048 8™ 0.0149
c 0.0354™" 0.003 7
N VAR(a,) 21.7019 4.658 5
FEALAA R
7 0.711 0 0.843 2

TE : VAR Ca) BN TT 22 5 6 NBEALRUR Bk 22 75 22  ##* 378 P<0.001

Note: VAR(a,) is the random effects variance; o is random effects residual variance; *** represents P<0.001.
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Table 7 Model test results
i
R? RMSE MAE
Model
LT 0.657 5 2.020 8 1.690 0
M1 0.979 2 0.658 0 0.510 8

B E 2% L L DX O BRBR SR UE AR N 40 2. W31 40 a
(AR B A w2 A8 Bl A 8.3~15.5 m, B i 4
X AR 9 7.2 m, [ 25 RS 2 1L X RRPR N AR
(15 PR 8 B L , AN TN Fie BN B 52
98, FEELHEE N 1 m.
2.5 ISR IREHI KT

MRHEASE I M TH 5 JE U AR w8 b v il 2%, JF
H1 2 (8) FH 30 (9D T B HH 5 6% 1 11 1 4 3R 4 S 2
TR AR, 45 228 L Hh XA N AR A F8 25036
(KD, BEBEHEATHAFR KT 30am
12 RAET A 0 3 B 5008 TR 56, =R (o) i
A ADTHEAF W A7 15 BT 1 K FoAer 56 45 SR
RI0PR. R K X, =11.07, ZEHEZT

* 8 BRI S LT R
Table 8 Coefficient of variation of tree height by age

class
BH/a W%ﬁ@%ﬁ%‘ %ﬂﬁﬁ%@@
Age class Coefficient of variation in ZH%
tree height (C,) Theoretical C,,
5 47.19 4760
10 37.80 38.23
15 31.61 3274
20 32.13 28.85
25 26.28 25.83
30 20.69 23.36
35 19.53 21.28
40 31.51 19.47
45 11.06 17.88
50 12.99 16.45
55 14.09 15.16
60 14.11 13.98
65 14.61 12.90

KT B A XA 5 0 AT A0 AR 2V TR A RO A 7Y
RE S HER SR AT AR e AR R 5

= 9 UM X FRAF A TR e # 3=

Table 9 Site index table of Q. acutissima plantations in the Mountain Tai Region

Wi/m
Wkr/a Tree height
Age class GES 5509 EH10 BE11 BH12 BH13 G814 BE15
Index 8 Index 9 Index 10 Index 11 Index 12 Index 13 Index 14 Index 15
5 1.3 1.5 1.6 1.8 2.0 2.1 2.3 2.4
10 2.8 32 3.5 3.9 42 4.6 5.0 5.3
15 4.1 4.6 5.1 5.7 6.2 6.7 7.2 7.7
20 52 5.8 6.5 7.1 7.8 8.4 9.1 9.7
25 6.1 6.8 7.6 8.4 9.1 9.9 10.7 11.4
30 6.8 7.7 8.5 9.4 10.3 11.1 12.0 12.8
35 7.5 8.4 9.3 10.3 11.2 12.1 13.1 14.0
40 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0
45 8.4 9.5 10.6 11.6 12.7 13.7 14.8 15.8
50 8.8 9.9 11.0 12.1 13.2 14.3 15.4 16.5
55 9.1 10.3 114 12.5 13.7 14.8 16.0 17.1
60 9.4 10.6 11.7 12.9 14.1 15.3 16.4 17.6
65 9.6 10.8 12.0 13.2 14.4 15.6 16.8 18.0
70 9.8 11.0 12.2 13.5 14.7 15.9 17.1 18.4
75 9.9 11.2 12.4 13.7 14.9 16.2 17.4 18.6
80 10.1 11.3 12.6 13.8 15.1 16.4 17.6 18.9
85 10.2 114 12.7 14.0 15.3 16.5 17.8 19.1
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Table 10 Site index sequence and its validation

SBr/
45 fefiva —
Age class Hypoy X2
Group
10 15 20 25 30
1 8.8 6.1 7.1 82 92 87 801 0.88
2 74 86 99 95 9.5 92 9.02 047
3 11.7 103 103 9.9 10.0 9.7 1031 0.24
4 80 102 103 102 104 106 995 048
5 123 102 11.7 122 124 122 11.81 0.30
6 49 62 89 11.0 12.1 128 931 5.51
7 9.6 9.7 11.7 138 14.6 147 1235 221

pas :IT[4(;(Z) 2 (Fe PO R P AR T I A Fa %
Note: ﬁm(;) is the average site index of the dominant tree in

group z.
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Fig. 3 Drop-point test of the site index table
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