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Abstract: [ Objective) Parameters of height-age models for Pinus armandi Franch provenances were
analyzed to improve the establishment of generalized height-age model for Pinus armandi Franch. [Meth-
od) Pinus armandi Franch in provenance test forest in Dalaoling Forest Farm, Yichang, Hubei were chosen
as experimental materials. Regression accuracies of basic model, nonlinear mixed model and dummy variable

model describing height growth of 11 Pinus armandi Franch provenances with stand ages of 4—10,24 and

(defs A WID 2014-07-24

[(FE4HH] =307 EE R 2 B H (2012BADO1BOD)

[(fEHEFA] TWr985—), 5, WG icrg A, By TARIW A1, FENE RN RS L ETR.
E-mail ; wangyanandiyici@163. com

LEFEEE] LEMHQ72—) B B AP 5 L FRNE S MR R EF M. E-mail: wangjih808@sina. com



573 TR A5 < A LA RO AR e AR IR 2 R 5 75

32 years were compared. [Result] Accuracy of Richards equation was higher than those of Logistic equa-
tion, Schumacher equation and Korf equation to describe the basic height-age model for Pinus armandi
Franch provenances. Both nonlinear mixed model and dummy variable model showed that there was signifi-
cant difference in asymptote parameter but not in growth-rate parameter or shape parameter for 11 Pinus
armandi Franch provenances. Averaged determination coefficient (R*) ,residual sum of squares (SSE) ,ab-
solute residuals means (|E|) and minimum root mean square error (RMSE) of dummy variable model and
nonlinear mixed model were 1. 37% higher,18. 27% lower,12. 77% lower and 9. 6% lower than those of
the basic model. Dummy variable model was slightly better than nonlinear mixed model with increase of
those four accuracies by 0. 1%,1. 8% ,4% ,and 0. 9% , respectively. [Conclusion) Pinus armandi Franch
provenances had significant effect on asymptote parameter but not in growth-rate parameter and shape pa-

rameter. The dummy variable model was suitable for the establishment of generalized height-age model for

Pinus armandi Franch.

Key words: Pinus armandi Franch;dummy variable model;nonlinear mixed model; provenances; height-

age models
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Table 1 Variance analysis for 11 Pinus armandi Franch provenances on height at 9 stand ages
FhJE Provenance X 20 Block
Wit/ F RET R B . BETHM % o
Age Square sum Mean Pr>F Square sum Mean Pr>F
of residual square F value of residual square F value
4 0.298 0.017 11. 88 <20. 000 1 0.020 0. 004 2. 86 0.019 1
5 1.095 0.061 10. 40 <20.000 1 0.028 0. 006 0.95 0.452 9
6 1.927 0.107 9. 88 <20.000 1 0.035 0.007 0. 64 0.667 8
7 4.117 0.229 9.38 <20.000 1 0. 281 0. 056 2.30 0.051 2
8 6.550 0. 364 11.49 <C0.000 1 0.498 0. 100 3. 14 0.011 6
9 9.439 0.524 10.51 <20.000 1 0. 805 0.161 3.23 0.010 0
10 9.723 0. 540 5.99 <20.000 1 1. 053 0.211 2.33 0.048 5
24 254. 391 14.133 4. 45 <20.000 1 64.657 12.931 4.07 0.002 3
32 209. 254 11.625 2.00 0.022 6 50. 395 10.079 1.73 0.140 0
K2 ZBURNAHBEINMTHEHMESNAESENHFEZESEASTR

Table 2 Variance component and variance component percent for 11 Pinus armandi Franch

provenances on height at 9 stand ages

i R % bt KA BB AR MR AL KA R E A

Age Variance component Variance component  Variance component Variance component  Variance component

of provenance of block of random error percent of provenance percent of provenance
4 0.002 5 0.000 1 0.001 4 62.5 2.5
5 0.010 5 0.000 2 0.006 2 62.1 1.2
6 0.019 6 0.000 1 0.010 1 65.8 0.3
7 0.037 1 0.002 2 0.022 6 59.9 3.6
8 0.059 9 0.004 8 0.0315 62.3 5.0
9 0.085 6 0.007 8 0.052 5 58.7 5.3
10 0.095 3 0.010 1 0.087 2 49.5 5.2
24 1.732 4 0.324 5 3.748 1 29.8 5.6
32 0.558 7 0.466 9 7.747 5 6.4 5.3
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JH Richards 75 #2. Logistic 77 #&. Schumacher
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Table 3 Regression results of four basic equations for height growth of 11 Pinus armandi Franch provenances

*x3

. Richards 7RG I E R R K, 5% 2 °F
75l SSE ¥ )5 iRi% 2% RMSE Fl- 34 48 %} 5% 2% | E |
/N s U B2 AR B 0L 1 0O Fe A R I % Rich-
ards J7 FRAE N LA 7 AR

7?& " B d%fl”%fﬂt B2 R By I Ek
Equation R? SSE RMSE |E|
Richards 13.9540.57 0.100 340.008 1 4.18%+0. 35 0.930 6 641.952 5 1.055 7 0.5259
Logistic 12.1440. 22 0.224 04+0.007 6  57.95+5.15 0.929 8 648.970 1 1.061 5 0.5610

Korf 23.99+3.16 1.052 0+0.100 9 27.03+4.76 0.928 7 659. 227 5 1.069 8 0.567 6

Schumacher 25.71+0. 59 24.69+0. 54 0.928 7 659. 524 3 1.070 1 0.561 8

Hora Wik S8k A RERSH G BRSEL

Note:a. Asymptote parameter;k. Growth-rate parater;c. Shape parameter.
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Table 4 Regression results and F test of the dummy variable model for height growth of

11 Pinus armandi Franch provenances

77 #2 %5 Equation W 2% J7 #1 SSE F P
4 519. 935 F, ,=0.91 =>0.05
3 517.679 Fy, 5=1.16 =>0.05
(2) 528.534 Fi-,=12.08 <C0. 05
(@D 641.952
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Table 5 Regression results and likelihood ratio test (LLRT) of nonlinear mixed model for height growth of

11 Pinus armandi Franch provenances

SRR

WRFS ORARRSH EERusH —2fibmexy ZHTH LAY e .
Equation Mixed effect Fixed effect — 2 X log-likelihood ) LRT
parameters
7 ask ¢ 1633. 36 7 LRT; ;=0.09 =0.05
(6) asc k 1633.31 7 LRT; ¢=0.14 =0.05
(5) a kic 1 633.45 5 LRT, 5=176.64 <C0. 05
(@D J& No asksc 1710.09 4
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Table 6 Regression parameters of the dummy variable model (2) and the nonlinear mixed model (5) for height
growth of 11 Pinus armandi Franch provenances
- I A% A5 D (2) EL IR A B (5)
A Dummy variable model(2) Nonlinear mixed model(5)
Provenance . 2 [ . 2 (
1 15. 32 15.03
2 12. 68 12.63
5 14. 69 14. 45
6 14.02 13. 86
7 14. 42 14. 22
11 14. 21 0.098 6 4.12 14.03 0. 101 4.21
12 15.90 15.56
20 14.03 13. 86
22 11.74 11.78
23 12.38 12. 36
28 15. 56 15.23

x®7

EMER(D) BEEEHQOMELZERAEROMNELURMSERKBUSHEE

Table 7 Regression accuracies of basic model(1) ,dummy variable model (2) and nonlinear mixed model (5) for

height growth of 11 Pinus armandi Franch provenances

VR e e Z R B 24 )5 - 34y 4 % 5% 2% ¥ 7 iR A5 2%

Equation R? SSE |E| RMSE
(D 0.930 6 641.952 5 0.478 1 1.055 7
(2) 0.943 8 519.934 6 0.408 4 0.950 1
(5) 0.942 8 529.426 3 0.425 6 0.958 7
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