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Abstract : Based on data of 150 Cunninghamia lanceolata Plantation plots in Central China’s Hunan Prov-
ince, this study attempt to construct a mixed effect model of Cunninghamia lanceolata Plantation growth
with site factors through using methods such as variance analysis, regression analysis, nonlinear mixed
effects model and K-means clustering. The resulis show that: (1) Altitude ( HB) ,slope (PD) ,slope posi-
tion (PW) ,soil thickness (TH) and soil type ( TL) have a significant impact on the growth of the basal
area ,and the order of significance is TL > TH >PD > PW > HB. (2) Among the eight commonly used the-
oretical growth equations,Schumacher ( M5)has the highest coefficient of determination (R* =0.7636) ,
and was selected as the basic model for forest basal area growth simulation. (3) A nonlinear mixed effects

model was constructed by taking 107 site types ( ST) of different site factor combinations as random effects
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and the coefficient of determination (R’) increased to 0. 895 1. (4) The 107 site types ( ST)were clus-

tered into 5 site type groups (STG) ,and the mixed effect model of Cunninghamia lanceolata cross-sec-

tional basal area growth was further constructed, and the determination coefficient ( R”) increased to

0. 920 2. Studies have shown that the nonlinear mixed effect model based on site factors objectively ex-

plains the impact of site factors on the growth of Cunninghamia lanceolata Plantation , which helps improve

the simulation accuracy of the stand growth model

Key words : Cunninghamia lanceolata ,basal area,site typ ,mixed effect model, cluster analysis
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Tab. 1 Statistics of stand factors for Cunninghamia lanceolata

A ¥ WHEBL(G)/(m?/hm?)  4Eit(Age)/a % e % (SDI) AR (N) /#k/hm? ) #E# (HB)/m
SEHIA 26.78 18 2079 2580 469
brifEZE 8.95 3 974 1000 268
/M 9.63 11 969 780 49
IS oN ] 52.91 27 5536 5175 1250
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Tab. 2 Site factor classification
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Tab. 3 Basic models candidates
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Tab. 4 Site factor significance test

Wyd oM AmE ¥y FE Pr>F &

HB  1182.38 11 107.49 2,12 0.02300 %
PD  966.22 4 241.55  4.77 0.00128 3
PW  461.26 2 230.63 4.56 0.01228
PX 11.75 1 11.74  0.23  0.63084 A%
TH  730.34 2 365.17 7.21 0.00108 B3
TL  1196.30 2 598.15 11.82 0.00002 fi2%
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Tab. 5 The fitting results of candidate basic models

TR a b c d q w R? P/ % MAE RMSE
Ml 12.455 473. 41 0. 8146 — — — 0. 6376 97 3.61 4.85
M2 20. 551 472. 66 0. 3863 — — — 0.2187 95 6.16 8.01
M3 19. 143 9.3464  0.8945 — — — 0.7118 97 3.63 4.86
M4 33. 455 9.9705  0.4674 — — — 0. 2982 95 5.76 7.59
M5 1.4039  -17.978  0.8222 0. 8792 -0.3722  33.868 0.7636 97 3.08 4.40
M6 1.7490  -20. 861 0. 0382 8.3653 -0.3535  34.106 0. 4226 95 5.12 6. 88
M7 2.9448 -9.9929  0.9145 10. 881 — — 0.7119 97 3.62 4.86
M8 61.762 0.0088  1.3313 — — — 0.7014 97 3.84 4.95
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B, B 3z AU 53 5 IAE 44 A2 8 b K R N 7E £
SR TRENUSON L, I AR 4 A5 ATC

I BIC S5 i S AT 45 ), LG 25 RN 6 P o

x6 ETuUEBRIFLEREUNEEUE
Tab. 6 Nonlinear mixed-effect model fitting based on site type
(5L AR | [ VA% a b c d q w AlC BIC R?
ST a 1. 205 -13.66 0.731 2.906 0.175 22.03 877.41 901. 49 0. 8857
ST b 1.254 -14.49 0.772 2.324 0.035 24.29 877.91 901. 99 0. 8794
ST c 1.212 -13.81 0.762 2.566 0.119 22.90 872. 41 896. 50 0. 8951
ST d 1.286 -15.12 0. 818 1. 686 -0.091 26.51 873. 88 897.97 0. 8871
ST q 1.256 -14. 68 0. 749 2.59% 0. 044 24.62 879.17 903. 26 0. 8785
ST w 1. 306 -15.57 0. 786 2.037 -0.099 27.07 879. 65 903. 74 0.8713
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Tab. 7 Site type clustering results

1 0.0 4 86.5
2 52.9 5 91.0
3 71.2
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Tab. 8 Fitting of nonlinear mixed effects model based on site type group

BEMLALR, VR E a b c d q w AlC BIC R?

STG a 1. 009 -10.04 0.573 5.879 0.790 10. 76 750. 45 774.53 0. 9200
STG b 1.001 -9.711  0.560 6.431 0. 856 8. 837 754. 69 778.77 0.9175
STG c 1. 166 -12.41 0.613 5.298 0. 359 17.33 749. 40 770. 48 0. 9202
STG d 1.127 -11.53 0. 621 5.426 0. 463 14. 85 773.59 797. 67 0. 9056
STG q 1.044 -10.56 0. 560 6. 097 0.724 11.68 751.93 776. 01 0.9192
STG w 0.995 -9.508  0.551 6. 564 0. 883 8.126 758. 42 782.51 0.9156
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FTARLR IR A RN AL, AT MAE ,RMSE, P, R® % BEHLAIL  MAE RMSE Fro R

AR ATRRE G O S IR (None) . T 20 B T

WIhG ST R (ST) BEAU LS R A7 X] He o b, High STG 2.55 3.75 98 0.9202
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M9 Rl LA, 7R R 25 i M 2 4
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R (M 0.763 7 42755 0.920 2 4275 T 20.49% ,
MAE [ 7 17.21% ,RMSE (&5 T 14.77% .
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Fig. 1 Residual distribution of the basic model(11)
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Fig. 2 Residential distribution mixed effects model(12) type
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