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Abstract

Taiwan Kagome Co., Ltd has implemented understory thinning operation in their
Swietenia macropnylla plantation since 2011, Thinning rates set from 25% to 45%. In
this study, we investigate the juvenile trees, which from 14 to 20 years. We use Three
Parameter Weibull Probability Distribution, conducted from Maximum Likelihood
Method to simulate the diameter distribution before thinning and after. As results, the
Dn values of K-S test are all lower than threshold value (D g5). The estimation results

by Weibull Probability Distribution of different age trees demonstrate well, validate with
100%. It means this method is effective to display diameter distribution with different
age plantations. With parameter of Weibull, a value, which is annual increasing of
thinning plots shows from 0.81 to 0.93, all higher than Control plots (0.26). The b values
represent three stages, which are before thinning, after thinning and six years after
thinning. Operation method contains four groups, which are 1,760 trees/ha (Group A, b
value = 13.5, 13.5, 14.5), 1,200 trees/ha (Group B, b value = 12.9, 10.0, 12.2), 1,000
trees/ha (Group C, b value = 9.9, 10.7, 9.1), and 800 trees/ha (Group D, b value = 13.6,
12.3, 14.7). The b value become lower as the distribution curve become smaller in
Group A, B and D. After six years, diameter distribution goes bigger as tree age goes
on. However, Group C has opposite results. The reason we found that lots of trees
were dead because of pest and diseases hazards.
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Taiwan Kagome Co., Ltd has implemented understory thinning operation in their Swiefenia
macropnylla plantation since 2011. Thinning rates set from 25% to 45%. In this study, we
investigate the juvenile trees, which from 14 to 20 years. We use Three Parameter Weibull
Probability Distribution, conducted from Maximum Likelihood Method to simulate the
diameter distribution before thinning and after. As results, the Dn values of K-S test are all
lower than threshold value (Do.os). The estimation results by Weibull Probability Distribution
of different age trees demonstrate well, validate with 100%. It means this method is effective

to display diameter distribution with different age plantations. With parameter of Weibull, a




value, which is annual increasing of thinning plots shows from 0.81 to 0.93, all higher than
Control plots (0.26). The b values represent three stages, which are before thinning, after
thinning and six years after thinning. Operation method contains four groups, which are 1,760
trees/ha (Group A, b value = 13.5, 13.5, 14.5), 1,200 trees/ha (Group B, b value = 12.9, 10.0,
12.2), 1,000 trees/ha (Group C, b value = 9.9, 10.7, 9.1), and 800 trees/ha (Group D, b value
=13.6,12.3, 14.7). The b value become lower as the distribution curve become smaller in
Group A, B and D. After six years, diameter distribution goes bigger as tree age goes on.
However, Group C has opposite results. The reason we found that lots of trees were dead
because of pest and diseases hazards.
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Taiwan Kagome Co. in order to follow government promoting environment greenness
and decrease carbon by reforestation. From 1996 to 1999, they planting trees 100 ha
including Araucaria cunninghamii, Swietenia mahogoni, Pterocarpus indicus, Machilus
zuihoensis, etc. in Guanmiao Tainan. They did tend cutting based on different forest land and
vegetation. The tending rate were from 25 to 45%. To compare with the tending effects
before and after, we investigated the juvenile Swietenia mahogoni and established permanent
plots to discuss the average tree stem, average tree height and amount of trees. Using 3
parameters Weibull PDF with Maximum Likelihood Estimator (MLE) to simulate the stem
distribution situation. This result can be diameter at breast height (DBH) quantity basis to
provide references for different management target and tending.
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We use Kagome farm as the research area for this study in Guanmiao Tainan. By
overlapping to the forestation data, cadastral map and digital ortho-images taken by Aerial Survey
Office. We investigate the distribution of Swietenia mahogoni and set 9 plots with each 0.05 ha
mostly lower thinning. Before thinning, there are 1,574 amount of trees per ha. After adjustment,
the amounts of trees are 800/ha as A group (from 1,200 amounts/ha by thinning rate33.3% and
basal area 14%), 1,000/ha as B group (from 1,800 amounts/ha by thinning rate 42.2% and basal
area 26%), 1,200/ha as C group (from 1,640 amounts/ha by thinning rate 26.8% and basal area




14%) and references group for 1,500/ha. Investigating period from before to after, we survey for
14 years after thinning, 15 years after thinning, 16 years after thinning, 18 years after thinning and
20 years after thinning as five times with DBH, tree height and amounts.

IL Ao AR5 A sk

W E AR — KB AR KNS HER » A RHK3 S @ &FE b AT
R » ¢ ZATAK) &) Weibull # % 55 B L5 B2 38 % AT » DA A4 35 (Maximum
Likelihood Estimator, MLE) & 4 484X 4k 7% i@ 37 - 3 {4 - & 24 Law and Kelton(2000) 77 32
# 2 Kolmogorov-Smirnov(K-S)#: & it 4T Weibull 4747 2 84 7 A5 > B5 i 24 «
=0.05 > & K-S T & R L MMANE 9 R AE ek X % £ 8 (Dn) 7B R A5 (Doos) » B
R EAZ A fF 4 Weibull 547 » RZ AV -

Stand structure describe the size of DBH distribution. We use three parameter (a
represents location, b represents scale and ¢ represents shape) Weibull PDF to simulate
frequency distribution. Using MLE and Newton’s Method to narrow the parameter value.
Then we use Kolmogorov-Smirnov (K-S) test to examine Weibull distribution fitting test,
threshold @ =0.05. We accept Weibull distribution results if K-S test results demonstrate
observation value counting frequency by most gap amount (Dn) fewer than threshold value
(Do.os), otherwise are reject.
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In this study, we use MLE to simulate stand DBH distribution of different thinning
levels through the K-S test with our stats Dn value lower than 0.05. The estimation effect
shows positive of Weibull PDF in different thinning period. The passing rate is 100%. That
means this method is effective to represent different stand DBH distribution. According to all
the parameter of Weibull PDF, a value is the smallest DBH. With this lower thinning,
reference group value increase from 2.7 to 4.3. C group shows from 4.0 to 8.9. B group
shows from 6.0 to 11.6 and A group shows from 4.9 to 10.2. The Weibull a value increase
annually from 0.81-0.93 in thinning area are all bigger than references group 0.26.
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The Weibull b value of before thinning, after thinning and after thinning 6 years in reference
group shows 13.5, 13.5 and 14.5. C group shows 12.9, 10.0 and 12.2. B group shows 9.9, 10.7
and 9.1. A group shows 13.6, 12.3 and 14.7. The b value can determine the stand DBH
distribution of height and width. As the value increase, it means covering range of DBH are
larger. Theoretically, after thinning procedure the trees have more growing space. Therefore, the b
value go larger as the tree ages are older. Some researches demonstrate that medium thinning or
no thinning, b, ¢ value increase when trees grow older. That means positive in DBH increasing, In
this study, the reference group, A group and C group display that distribution curve in baseline are
smaller (b value decrease), then it grows bigger as tree ages older. B group are adjust from
1,800/ha with high level thinning (thinning rate 42.2% and basal area rate 26%). Because the b
value representing 63% stand DBH are smaller than this value, this group DBH distribution
increase. Therefore, b value increase when DBH are bigger. However, we discover that small
DBH trees die severely in first year after thinning, b value decrease from 10.7 to 7.9. We
speculate that high level thinning caused environment changed rapidly. The trees in site cannot
adapt the change and die back. It makes DBH distribution shorter and b value decrease. After
adapting the b value increase when tree ages grows older.
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The Weibull ¢ value in each plots are smaller than 3.6 displayed right deviation. It means
stand structure for now is still in small size trees. The differences of site environment can be
arranged in different management direction such as commercial plantation, cycle economic
area and landscape forest. We use annual monitoring data to quantity DBH distribution by

Weibull PDF. In application of stand stocking, biomass and carbon storage basis, we can




provide management arrangement direction and carbon trade system information by this
study.





