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Abstract: This study aimed to develop an equation for estimating stem volume for Larix kaempferiin South Korea
using independent variables, diameter at breast height (DBH), and height as being closely associated with stem
volume. Analysis was conducted on the growth performance of 2,840 Larix kaempferi samples across South Korea
after felling them and gleaning diameter data according to both stem height and stem analyses. In order to test the
fitness of six different stem taper equations, empirical assessment was conducted for fitness index (FI), bias, mean,
and absolute deviation (MAD), and coefficient variation (%CV). The two selectedmodels found to be optimal were
the following: model one ( V=a+bDBH?), established by employing DBH only; and model four (V=a+bDBH"H)
, established by utilizing DBH and height, respectively. The findings of non-linear regression indicated statistical
significance (p < 0.05) in a and b, which were the coefficients for the intercepts and slopes of the models. The FI
of the models ranged between 94% and 99%, and the bias was close to zero, while MAD ranged from 0.01 to 0.05,
and %CV from 5.97 to 14.43, indicating a high level of fitness. Thus, using the suggested models, the basic
information necessary for forest management was obtained, and an estimation of the stem volume was effected without
delay soon after effecting DBH and height measurements.

Key words: Larix kaempferi, stem volume model, stem model, forest management, stem analysis. merchantable volume.
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Table 1. Characteristics of surveyed sample trees.
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Species of Trees Variable n Mean ]S)tgv Min Max
Larix DBH (cm) 5840 24.95 8.04 6.1 58.0
kaempferi Heigh t(m) ’ 21.90 485 49 36.1
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Dorado et al., 2006; Kachamba and Eid, 2016; Seo et al.,
2016). A&} 7EA A e o] 222 Lee(1993)7F 74

Table 2. Applied stem volume equation for fitting of in Larix
kaempferi this study.

Model Model form
Model 1 V=a+bDBH*
Model 2 V=aDBH*

Model 3 V= aDBH+bDBH*
Model 4 V=a+bDBH*H
Model 5 V=aDBH*H"
Model 6 V=aDBH'H*

where 1 = stem volume,
DBH = diameter at breast height,
H = Total height,

a,b,c = parameters
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Table 3. Bark thickness equation model.

Model Model form

. hz' b,
Bark equation B :ald;:2+leBHb"(1—ﬁ)"‘

where B = double bark thickness,
DBH = diameter at breast height,

h.
7} = relative height,

d;, = outside bark diameter by ground height,
a,, ay, as, by, b, = parameter
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Table 4. Accuracy assessment for estimation of stem volume model.

Statistics

Fitness index (FI)
Bias
Standard error of estimate as percent of the mean (SEE%)

Mean Absolute Deviation (MAD)

Coefficient of variation (CV%)

Calculation forms
FI=1-Y(Yi— ¥i)*/(Yi— Y)?
D=Y(Y,—= V)/n
SEEY%=/(ei— D*/(N—1) /Y100
|D|=Y (v, = V)| /n
V(%) = ";p %100

where Y, ¥, Y = measurement, estimate and mean of weight, repectively,

2 1
n = tne number of sample trees,
p = the number of model parameters
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Table 5. Parameters of Bark thickness model for Larix kaempferi (NIFos, 2004).
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Species of trees Parameter FI SEE
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Figure 1. Relationship between diameter at breast height(DBH) and stem volume and between Height and
stem volume (a: with bark, b: without bark).

Table 6. Parameters of stem volume model for Larix kaempferi.

Parameter
Species of trees Presence of bark Model ;
a (&
1 -0.032437 0.000996979
2 0.000708709 2.08837
3 -0.002716091 0.001050815
With bark
4 0.030896 0.000038459
5 0.00006356 0.85655
Larix 6 0.000083045 1.86817 0.91046
kaempferi 1 -0.047653 0.000908516
2 0.000447664 2.18919
3 -0.004394357 0.001002024
Without bark
4 0.013977 0.000034652
5 0.000045109 0.92439
6 0.000050002 1.93772 0.95751
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Table 7. Statistics of stem volume model for Larix kaempferi.

- Al108 A Al4% (2019)

Species of Presence of

Model FI SEE BIAS MAD Cv RANK
trees bark
1 0.9459 0.070 2E-12 0.05195 14.432 4
2 0.9443 0.071 -0.00348 0.05386 14.647 6
. 3 0.9452 0.071 -0.00131 0.05256 14.528 5
With bark
4 0.9907 0.029 -3E-10 0.01974 5.978 1
5 0.9887 0.032 0.00627 0.02046 6.591 3
Larix 6 0.9905 0.029 0.00144 0.01966 6.033 2
kaempferi 1 0.9529 0.062 1.50E-12 0.0444 14.286 4
2 0.951 0.063 -0.0031879 0.0464 14.572 6
. 3 0.9524 0.062 -0.0008085 0.0445 14.359 5
Without bark
4 0.9957 0.018 -2.98E-10 0.0133 4.296 1
5 0.9952 0.019 0.00285354 0.0138 4.523 3
6 0.9956 0.018 0.00081631 0.0133 4.327 2
Table 8. Analysis of Paired T-test between Model 1 and Model 4.
Species of trees Presence of bark Model t value Pr>[t|
1
With bark -0.000079 0.999937
Larix 4
kaempferi 1
Without bark 4 -0.000060 0.999952
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Figure 2. A comparison between residual by diameter class (a: with bark, b: without bark).
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Figure 3. Comparison between Predicted stem volumes and Observed stem volumes using Model 1
and Model 4 (a: with bark, b: without bark).
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Table 9. Analysis of F-test between Model 1 and Model 4.

A108E AH45 (2019)

Species of trees Presence of bark Model Pr>|f]
. 1 0.112219
With bark
Larix 4 0.453734
kaempferi 1 0.139638
Without bark

4 0.478764
2 ulma}y] $Iske] Zar(1996)0] o] 8% FtestS A3t (HIAmEL 7]2o] AR ooyt T o] g BE
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FHAdstckJeon et al, 2007). & Predicted volume = A LGS o] 83l FA oA TR E E= Fa
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