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Fengri Li%, Soonduk Kwon® and Joosang Chung®

® ©

€ d7elde AAEsrt 98 44 2 D944 e de 24 FH vAe EHE 7y
o AR ARRded E¥HE R4S $A) st 8422 Korf A& AMgsge
o, AAEES Wyl 5 26 wixe dge BN 4 gely FARYe B 2
7hA & extra sums of square) VA& H4sidct. H4A AR JEST) Yge] AU Tl
AT FFE WA dedhe 7129 dAH dE GHH Y AFFTHL JEURdE DAl FLR
AT A2gche AME ARAE 5+ ANk 2y SRE PAFAL) P o)ske 2 AlA)
el o3 frojd G¢E ot Ao deygr. oY AHE EdE 2 dFede A QT
ol AAdEd B 5348 498 & de JEIdd YR ede AN sy,

ABSTRACT

In this study, the effects of stand planting density on parameters of stand height and basal area growth
models were investigated. We used the Korf equation as the base model in estimating the parameters
of the growth models for cryptomeria plantation forest stands. Then, in order to investigate the effects
of the change in plantation density on the parameter estimates, the “extra sums of square” principle,
which provided a reasonable statistical procedure for a performance test, was used. The results of the
test coincide with the understandings that stand height growth is not affected significantly by the
planting density and the growth curves of stand basal area approaches a common asymptote regardless
of the stand density for a given site. However, the shapes of the basal area growth curves were
affected significantly by the planting density. Based on the results of the test, we developed a basal
area growth model to account for the effects of initial planting density in cryptomeria plantation forest
stands.

Key words : Korf equation, stand height and basal area growth models, stand planting density, extra
sum of squares, Cryptomeria japonica
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Table 1. Range of the data for 23 measurements by plantation spacing (after Feng, 1977).

Spacing  Plot area Age DBH Height Stand density Basal area  Volume
(m) (ha) (y1) (cm) (m) (stems/ha)  (m’/ha) (m®*/ha)
1.5x1.5 0.065 2~26 0~19.71 0.61~19.60 2169~4754 0~66.80 0~530.90
1.7x1.7 0.098 2~26 0~19.99 0.71~19.96 1969~3074 0-62.79 0-~491.96
1.9x1.9 0.071 2~26 0~21.29 0.64~19.01 1746~2901 0~62.48 (~483.51
2.3%2.3 0.091 2~26 0~22.98 0.64~19.60 1637~2044 0-—68.41 0~495.54
3.1x3.1 0.085 2~26 0~27.50 0.70~19.05 965~1035 0~57.32 0~425.41
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Table 2. Parameter estimates and fit statistics for Korf equation to describe stand height and basal
area growth of cryptmeria plantations with different spacing.

Parameter estimates

Fit statistics

Variable  Spacing

A K b N RSS Sy.x R?
1.5x1.5 m 56.797185  6.969202 0.573857 23 2.6444  0.3636  0.99653
1.7x1.7 m 57.887241  7.369919 0.591591 23 1.4605  0.2702  0.99820

Height 1-9X1.9m 42442453  7.564105 0.686825 23 3.4216  0.4136  0.99539
2.3x2.3 m 42.339883  8.010977 0.717389 23 1.6016  0.2830  0.99801
3.1x3.1 m 41.967755  7.618%62 0.7027189 23 2.2899  0.3384  0.99705

Overall ~ 47.118%1  7.46478 0.653923 115 14.3104  0.1278  0.99633
1.5x1.5 m 70.833022 105.795446 2.189863 23 60.2574  1.7358  0.99528
1.7x1.7 m 66.258756 214.659195 2.486820 23 61.0855  1.7476  0.99497

Basal 1.9x1.9m 69.476752 89.675970 2.008018 23 41.2891  1.4368  0.99629

area  2.3x2.3m 82.041784 92.399072 1.939978 23 152974  0.8746  0.99893
3.1x3.1m 75.525619 62.220237 1.661340 23  13.6310  0.8256  0.998%4
Overall ~ 72.315226 87.687221 1.981820 115 2418.7300  4.6471  0.96051
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Table 3. Comparisons of parameter estimates for height growth curves using the Korf equation (Van(»)
was assumed to be a constant for each data set).

No. of parameters

Steps of Fitting to be estimated df RSS MSE

(H) Common A, %, and & 3 112 14.310422 0.127772
(G) Common # and & 7 108 13.085544 0.121162
(F) Common A and b 7 108 13.184409 0.122078
(E) Common A and & 7 108 13.077612 0.121089
(D) Common b 11 104 11.964942 0.115048
(C) Common k£ 11 104 11.720784 0.112700
(B) Common A 11 104 12.117030 0.116510
(A) Individual A, %k, and b 15 100 11.417995 0.114180

Hypothesis test dr RSS changed MSE F-value
(B)-(A): Test the invariant of A 4 0.699035 0.174759 1.530556"
(C)-(A): Test the invariant of % 4 0.302790 0.075697 0.662966™
(D)-(A): Test the invariant of & 4 0.546947 0.136737 1.197555"
(E)-(A): Test the invariant of A and 4 8 1.659617 0.207452 1.816888™
(F)-(A): Test the invariant of A and & 8 1.766415 0.220802 1.933806™
(G)-(A): Test the invariant of £ and b 8 1.667549 0.208444 1.825572"
(H)-(A): Test the invariant of A, %, and b 12 2.892428 0.241036 2.111015*

(Note : ™ is not significantly different at 5% level; * and ** are significantly different at 5% and 1%

levels, respectively.)
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Fig. 1. Stand height as a function of stand age for
cryptmeria stands with different spacing.
The solid line indicates growth curve
predicted by equation (8).
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Table 4. Results of parameter estimates for basal area growth curves using the Korf equation (Var(3)
was assumed to be a constant for each data set).

Steps of Fitting o, PArameters RSS MSE
(H) Common .4, %, and b 3 112 2418.730560 21.595809
(G) Common k& and & 7 108 685.201671 6.344460
(F) Common A and b 7 108 502.216936 4.650157
(E) Common A and & 7 108 426.054313 3.944947
(D) Common b 11 104 237.696048 2.285539
(C) Common £ 11 104 217.176105 2.088232
(B) Common A 11 104 275.291756 2.647036
(A) Individual A, kand b 15 100 191.560454 1.915605
Hypothesis test df RSS changed MSE F-value
(B)-(A): Test the invariant of A 4 83,731302 20.932826 10.927530**
(C)-(A): Test the invariant of & 4 25.615651 6.403913 3.343024*
(D)-(A): Test the invariant of & 4 46.135594 11.533899 6.021023**
(E)-(A): Test the invariant of A and % 8 234.493859 29.311732 15.301557**
(F)-(A): Test the invariant of A and & 8 310.656482 38.832060 20.271439**
(G)-(A): Test the invariant of & and & 8 493.641217 61.705152 32.211843**
(H)-(A): Test the invariant of A, %2 and b 12 2227.170110 185.597509 96.887173**

(Note : ™ is not significantly different at 5% level; * and ** are significantly different at 5% and 1%
levels, respectively.)

Table 5. The results of #test for the parameter invariant of the basal area growth curves among stands
of different spacing.

Parameter Spacing 1.5Xx1.5m 1.7X1.7 m 1.9X1.9 m 2.3X2.3m

1.7x1.7 m 1.865ns

A 1.9%1.9 m 0.488ns -1.225™
2.3%X2.3 m -4.629** -7.033** -4.835**
3.1X3.1m -1.524™ -1.950" -1.878™ 2.235*
1.7x1.7 m -1.318™

£ 1.9X1.9 m 0.411% 1.564™
2.3%¥2.3m 0.392™ 1.576™ 2.815**
3.1x3.1m 1.320™ 1.978 1.073™ 1.795™
1.7X1.7m -1.315"™

b 1.9x1.9 m 0.930™ 2.239*
2.3%x2.3m 1.530™ 2.959** 0.466"
3.1x3.1m 3.160** 4.384** 2.303* 2.645*

(Note : ™ is not significantly different at 5% level; * and ™ are significantly different at 5% and 1%

levels, respectively.)
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Fig. 2. Basal area growth curves, by planting den-
sity, over time for cryptmeria plantation.
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Table 6. Parameter estimates and fit statistics of basal area growth model for crypetomeria plantation.

: Fit statistics
Parameter Estimate Asymptotic T Approx.
Std. Error  Ratio  Prob.>| T n RSS Sy.x R?
A 71.003160 1.504954  47.1796 0
k 114.725859 23.947679 4.7907 0.0001
b, 1096454 0.066520  16.4830 0 115 764.3129 2.6241 0.987522
by 0.083256 0.005324  15.6365 0
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