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Table 1 Statistics of stand factors for
Cunninghamia lanceolata

5SS W R B %73 TREERE
Factors H/m Age/a Slope/’ Altitude/m Soil depth/cm

FH)fE Mean  10.0 150 235 252.2 72.4
FrifEZE Std. 37 54 8.8 89.2 22.2
H/ME Min. 42 80 45 97.0 24.0
RKME Max. 263 49.0 440 500.0 150.0
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Table 2 The division of site factor grades
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Site factor Symbol Grade division
R Altitude HB 100 mA—2%%, 352,
3 /¥ Slope gradient PD R R Bt =1
W4z Slope position PW FH 35 2 BH 35 35 SR
I 1) Slope aspect PX b g T [ITESS -4
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Table 3 Candidate basic models
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Model Equation Expression
M1 M4\ (Hyperbolic curve) H=a+b/Age
M2 W2kt (Parabola) H=a+bxAge+cx Age2
M3 ¥t 2k (Logarithmic curve) Ig(H) = a+ b xIg(Age)
M4 B4\ (Exponential curve) H=a/[1+cxexp(-bxAge)]
M5 XH 2L (Logarithmic inverse) Ig(H) = a+ b/Age
M6 K (Richards) H=ax[1-exp(-bxAge)]°
M7 WiR2% (Gomepertz) H=axexp[-cxexp(-bxAge)]
M8 #.3F30 (Mitscherlich) H=a=#[1-b*exp(—c x Age)]

O H: RHKRFEw, Age: WIER, a. b, c: 28 H:
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Table 4 Significance testing of site factors

K74 S5 A H E5p) FfE Pr>F i
R (HB) 191.602 6 4 47.900 6 46726 0.001 1 B
W (PD) 115.500 0 4 28.874 9 2.816 7 0.025 2 BE
Wehi (PW) 49.216 6 5 9.8433 0.960 2 0.442 2 REE
Y (PX) 140.354 3 3 46.784 7 4.563 8 0.003 7 BE

LEERE (TH) 10.787 2 2 5.393 6 0.526 1 0.5913 NTES
3R (TL) 199.622 6 2 99.811 2 9.736 5 0.000 1 23

2.2 EmRBEE 5iRE
F) FH Forstat2.1 44 % fig 1k & il A5 A M1~
M8 A AT, FHOCKERIAISEAGTHE . #iE R

(R, FASEE (P). P43 (MAE )
B iR (RMSE ) 13 5 Fiis,
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Table 5 The fitting results of candidate basic models

1% Model a b c R P MAE RMSE
M1 18.477 0 -115.872 0 — 0.424 3 0.9712 7.534 8 27706
M2 2.758 7 0.465 0 0.0010 0.563 7 0.974 9 6.768 9 24118
M3 0.089 4 0.767 6 — 0.5156 0.968 4 32.432 1 9.694 0
M4 32,2247 0.0705 6.519 4 0.564 4 0.9750 6.7626 24100
M5 13193 -4.700 5 — 0.424 3 0.968 0 32.432 1 9.697 6
M6 794.671 2 0.000 3 0.809 2 0.559 8 0.974 7 6.784 5 2.422 4
M7 44.182 4 0.0333 2.463 1 0.564 3 0.9750 6.767 4 24102
M8 2014.465 1 0.998 8 0.000 2 0.563 3 0.974 9 6.769 5 24128
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Table 6 The fitting results of mixed effects models considering site effect
o e =TTy
R?:&gﬂéﬁﬁs ?Jﬁ?ﬁéﬂoﬁ 3 7JL<;5§ b c AIC BIC Log-likelihood R?
None — — 322255 0.0705 65195 16629676 16785117 -827.4835  0.564 4
HB a 5 299365 00721 57852 16439773 1663.4077 -816.9883  0.603 0
PD a 5 30.8534 0.0743 6.3428 1661.7658 1681.1952 -825.8824  0.5786
PX a 4 322243 00705 65193 16649679 1684.3977 -827.4835 05655
TL c 3 27.0229 00760 4.9881 16445460 1663.9764 -817.2728 0599 8
HB*PD a 21 27.8898 0.0777 56150 16387623 1658.1937 -814.3811  0.6353
HB*PX a 19 27.3125 00794 42147 16485015 1668.6429 -1019.2508 0.604 8
HB*TL a 13 279153 00740 5.0211 16143538 1633.7833 -802.176 4  0.659 2
PD*PX a 19 285919 0.0780 59657 16585374 1677.9678 -824.2684  0.5955
PD*TL a 15 314759 00719 61067 16575760 1677.006 4 -823.7880  0.6005
PX*TL a 12 282215 00724 52562 16457239 1665.1533 -817.8613  0.568 1
HB*PD*PX a 52 217602 01006 4.8949 16085726 1628.0029 -799.2859  0.7372
HB*PD*TL a 44 228401 00923 43206 16297804 1619.9218 -821.8902  0.706 2
HB*PX*TL a 42 20.8479 0.0983 4.0997 15975994 1617.0298 -793.7993  0.7309
PD*PX*TL a 42 322267 00705 65196 1664.9670 1684.3970 -827.4835  0.566 3
HB*PD*PX*TL a 78 19.6213 01157 45747 15732660 1592697 0 -781.6331  0.808 9
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EVERY ARG, SLHB PR R, A BRSO A Table 7 Classification of cluster with site types
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Table 8 Model evaluation
BEAL R o
Random effect a b c AIC BIC Log-likelihood R?

None 322255 0.070 5 6.5195 1662.967 6 1678.5117 -827.483 5 0.564 4

ST 19.621 3 0.1157 45747 1573.266 0 1592.697 0 -781.633 1 0.808 9

GST 21.253 8 0.104 5 4.444 4 1419.976 0 1439.406 0 -704.987 9 08117
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Fig.1 Polymorphic site index curve
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Polymorphic Site-Index Model with Site Mixed Effects for
Chinese fir Plantations in Hunan Hilly Plains

SONG Zheng', HUANG Lang?, HU Song?, ZHANG Xiong-qing®, ZHU Guang-yu?

(1. Research Institute of Forestry Policy and Information, Chinese Academy of Forestry, Beijing 100091, China; 2. Forestry
College, Central South University of Forest & Technology, Changsha 410004, Hunan, China; 3. Research Institute of
Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To improve regional site index model, the site index model with the random effects of
site factors was developed. [Method] Based on the 360 samples with dominant height-age of Chinese fir
in the hilly and plain area of Hunan Province, the quantification method | was used to select the site factors
affecting the dominant height growth (P<0.05). The 8 commonly used models were used to develop the
basic site index model, as well as the models considering the random effects of site factors and their com-
binations. The evaluation statistics including AIC, BIC, Log-likelihood and R? were used to select the optim-
al random effect model. In addition, K-means clustering was used to divide site type groups for model ap-
plications. [Results] 1) The site factors including altitude, slope, aspect and soil type had significant im-
pact on dominant height growth based on the quantitative method I. And soil type was the most important
factor, following by altitude, slope aspect, and Slope. 2) The fitting accuracy of the 8 candidate basic mod-
els was low (R?=0.4243~0.564 4). M4 (R?*=0.5644) was selected the best basic model for developing the
polymorphic site index curve. 3) Considering the influence of the site effect on the site index, the nonlinear
mixed effects models with different site factors and their combination of random effects were developed.
The mixed effects model with the random effects of site type performed the best (R*=0.8089). 4) The site
types were divided into 11 site groups. The mixed model containing the site type groups improved the
modeling accuracy (R?=0.8117). [Conclusion] The site index model with site mixed effect can significantly
improve the site modeling accuracy of regional complex site types, and provide a reference and basis for
regional forest site quality evaluation.

Keywords: Chinese fir; site effect; site index model; mixed effects model
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