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Estimation of Diameter and Height Growth in Pinus thunbergii
Stands Using Linear and Nonlinear Growth Functions'
Myeong Sook Park’ and Young Gwan Chung3
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ABSTRACT

To estimate optimal tree diameter and height growth function in Pinus thunbergii stands with site
index of 12 class, quoted from two linear models of linear transformation(l) and linear transformation
(2) and four non-linear models of exponential, Gompertz, Chapman-Richards, and Weibull etc.. Ana-
lyzed correlation among the estimated tree diameter and height by these function models, and observed
diameter and height growth were compared. In the results of tree diameter and height growth estima-
tion by stand age, non-linear models showed better appropriation than linear model and Chapman-
Richards model was most fitted for tree height growth but few, if any, differences among their non-
linear models. Therefore, it is consider to be much more study about non-linear mode! to estimate
tree diameter and height growth in the actual stands hereafter.
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Table 1. Status of study sites in Pinus thunbergii
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Topographical factors

Climatic factors

Forest factors

No.
. Soil Mean Annual .
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.. plot . depth  tempera-  precipita- Age Dbh(cm) Height(m) .
thunbergii PO (") type (m)  ture (C) tion (mm) index
stands
29 18.1 12.0

49 15-20 B

54-90 12.7-14.1 1,250 -1,700

10-60 6.8-33.7 15.6 - 18.9
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Table 2. Model of linear and non-linear growth function for diameter and height estimated in Pinus

thunbergii stands

Equation Integral form Differential form
Linear transformation(1) Y=af V=abl’
Linear transformation(2) Y=af - & =al {b—ad)e"
Exponential Y=ae ' Y =abt—2-e—t/b
Gompertz Y=ge *" Y =bef (bt £]a)*
Chapman-Richards Y=a(l—e& %" Y = abce— b{1—e— bhc—1
Weibull =a(l—e™™) Y =abct e "

Linear transformation(2)* ;
Y = tree or stand size(diameter and height.) ;
In = the natural logarithmic function

a, b, ¢ and d = parameters of equation,

observation equation for constructing vield table
t = age; Y = size increment
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Table 3. Estimation of dbh growth functions and determination coefficients of estimation model on dbh

growth of Pinus thunbergii stands

. Parameters )
Equation R
a b c

Linear Linear transformation(l) 0.886 0.894 0.956
Linear transformation(2) 1.715 0.751 -4.777 0.966
Exponential 48.805 25.904 0.978 0.984
Non-linear Gompertz 39.273 2.906 0.047 0.998
onine Chapman-Richards 47.166 0.025 1.392 0.997
Weibull 42.414 0.007 1.306 0.997

Table 4. The comparison of observed values and estimated dbh values for age by linear and non-linear

growth functions

Actual Linear Linear

Expo- Chapman-

Age dbh trans.(I)  trans.(2)  nential  COMPeNZ  pibords  weibull
10 7.5 6.9 6.0 3.6 6.4 5.8 5.7
15 8.0 10.0 9.5 8.6 9.3 9.3 9.3
20 1.1 12.9 12.8 13.3 12.5 12.8 12.8
2 13.3 15.2 15.3 16.5 15.2 15.5 15.5
30 2.2 18.5 18.8 2.4 19.2 19.3 19.4
36 21.2 21.8 21.0 23.6 22.9 2.8 2.9
42 %.9 2.1 2.7 2%.1 %.1 2.9 %.0
45 2.8 %.6 %.8 2.2 2.5 2.3 27.4
52 31.0 30.3 30.4 29.4 30.4 30.3 30.3
55 31.9 31.9 31.8 30.2 31.4 31.4 31.4
60 31.0 U.5 3.2 31.4 2.9 33.2 33.0
R 0.945 0.949 0.960 0.994 0.990 0.984
IMDI 1.33 1.28 1.2 1.13 1.19 1.18
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Fig. 2. The relationships between values observed
and dbh estimated by growth functions

derived from non-linear models on Pinus
thunbergii stands,

Table 5. The Estimation of height growth functions and determination coefficients of estimation mo-
del on height growth of Pinus thunbergii stands

L . Parameters 9
Classification Equation name R
a b C
Li Linear transformation(1) 1.305 0.665 0.961
tear Linear transformation(2) 1.226 0.679 0.384 0.961
Exponential 25.057 18.270 0.981
Non-linear Gompertz 19.711 2.485 0.062 0.994
© Chapman-Richards 20.749 0.044 1.403 0.995
Weibull 20.060 0.015 1.2 0.994
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Fig. 3. The relationships between values observed

and tree height estimated by growth func-

tions derived from linear models on Prnus

thunbergii stands.

Table 6. The comparison of values observed and height estimated for age by linear and non-linear

growth functions

Actual Linear Linear Expo- Chapman- .

Age height trans.(1)  trans.(2) nenlt)ial Gompertz Richards Weibull
10 5.7 5.9 6.1 7.6 5.2 4.8 4.9
15 7.1 7.8 7.9 8.5 7.4 7.4 7.4
20 8.6 9.5 9.6 9.4 9.6 9.7 9.7
25 11.4 10.8 10.8 10.3 11.2 11.3 11.3
30 14.4 12.6 12.5 11.6 13.4 13.4 13.4
35 14.6 14.5 14.4 13.5 15.3 15.2 15.3
40 16.3 15.9 15.7 15.0 16.4 16.3 16.3
45 16.9 16.6 16.4 16.0 16.9 16.8 16.8
50 17.4 18.4 18.1 18.5 17.8 17.8 17.8
55 18.1 19.1 18.8 19.7 18.1 18.2 18.1
60 18.0 19.8 19.5 21.0 18.4 18.5 18.4
65 18.5 20.3 20.0 21.9 18.5 18.7 18.6
R 0.947 0.929 0.916 0.992 0.996 0.994
|IMD| 0.79 0.79 0.96 0.47 0.44 0.46
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Fig. 4. The relationships between values observed
and tree height estimated by growth func-~
tions derived from non-linear models on
Pinus thunbergii stands.
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