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Stand Growth Simulation of a Taiwania Plantation

in the Liouguei Area

Dar-Hsiung Wang,"”  Han-Ching Hsieh,”  Shyh-Chian Tang,"
Chih-Hsing Chung"

[ Summary ]

Taiwania cryptomerioides is a quite important endemic species in Taiwan, and is the most
abundant species in plantations in the Liouguei Experimental Forest, southern Taiwan. Using the
concept of compatibility and numeric equivalence among stand-level attributes, this study estab-
lished a growth and yield stand simulator for Taiwania plantations in the Liouguei area. Based on
data from permanent plots of Taiwania plantations in the experiment forest, the components of a
growth and yield model such as diameter, tree height, stand density, and stand structure modules
were separately fitted in sequence and then integrated, and finally computer software (TCSIM)
was coded to implement the integrated growth and yield simulator. As an adjunct to the stand-level
equations, compatible stand/stock tables were derived by solving for the parameters of the Weibull
distribution from attributes predicted with the stand-level equations. The results indicated that the
goodness of fit for all equations were good (R” > 0.82) except for the tree density equation and bas-
al removal function. By inputting the current stand age, tree density, basal area, projection length,
and management options into TCSIM, dynamic changes for a given stand can effectively be evalu-
ated.
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INTRODUCTION

For a long time, research focused on
growth modeling aimed at describing stand
evolution through the construction of yield
tables or growth models for even- or uneven-
aged stands (Pauwels et al. 2007). Forest
growth and yield models of varying degrees
of complexity and detail, ranging from whole-
stand to individual-tree resolutions, were
developed to fulfill the different information
requirements for decision making (Zhang et
al. 1993, Davis et al. 2001). During the past
several decades, a number of stand-level and
individual-tree growth models and simula-
tions were developed (Stage 1973, Daniels
and Burkhart 1975, Zhang et al. 1996).

The history of growth and yield studies
can be traced back to early models from stud-
ies of healthy natural stands and published
as bulletins full of tables and graphs and
called, appropriately, fully stocked or normal

yield tables (McCarthy 1933). Later, with
the increasing capability in evaluating stands
with different levels of stand density, the
complexity grew as sets of equations, leaving
it up to the user to solve the questions (Ben-
nett 1970). The final evolution was to more-
complex models, particularly individual tree
models, written as computer software for the
facility of users (Clutter et al. 1983, Davis
and Johnson 1987).

Early studies of growth and yield were
done separately. Buckman (1962) and Clut-
ter (1963) were the first pioneers to explicitly
recognize the mathematical relationships be-
tween growth and yield in the US (Burkhart
and Sprinz 1984). An algebraic form of the
yield model that was derived by mathematical
integration of the growth model in loblolly
pine was proposed, and the resulting analyti-
cal models were called compatible growth



Taiwan J For Sci 25(2): 155-69, 2010

and yield models (Clutter 1963). Since then,
many studies adopting the compatibility con-
cept were conducted in modeling growth and
yield events (Sullivan and Clutter 1972, Mat-
ney and Sullivan 1982, Burkhart and Sprinz
1984).

Munro (1974) suggested that the em-
pirical growth models be classified into 2
broad categories of stand-level and tree-level
models. The basic distinction between these
2 types is that the predictor variables and
output variables in stand-level models are
stand statistics, but at least some of the pre-
dictor variables and output variables in any
tree-level model are individual tree statistics.
While some stand-level models (diameter dis-
tribution models) produce tree-level outputs
(frequencies and average heights by diameter
at breast height (DBH) classes), they are still
classified as stand-level models because the
inputs are stand-level statistics (Clutter et al.
1983).

Several models and functions must be
integrated to build an integrated stand-level
growth and yield simulation system: (1) an
assessment of forestland site potential capac-
ity, usually expressed by site index, (2) a den-
sity function to express demographic changes
in the tree population, (3) a tree height-
diameter model quantitatively expressing the
relationship between tree height and DBH,
and (4) an individual tree volume function to
calculate the tree volume by measuring tree
height and DBH. An additional model that
has to be added for the diameter distribution
model is the tree diameter distribution func-
tion expressing the diameter structure in the
stand (Biging 1985, Hann and Ritchie 1988,
Hann and Wang 1990, Smith and Hann 1984).

The intensive management of Taiwania
(Taiwania cryptomerioides) plantations needs
accurate estimations of current state and pre-
cise projections of plantations that undergo
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alternative silvicultural practices. In the Li-
ouguei area, while several studies related to
Taiwania plantation growth were done in the
past (Hung 1974, Lin 1975, Liu et al. 1984,
Lin and Horng 1991, Liu and Chung 1993,
Chen et al. 1996, 1997, Wang et al. 2008),
none of them attempted to integrate different
stand attributes growth together. Therefore,
the purposes of this paper were (1) to develop
an integrated stand-level growth and yield
model to simulate the evolution of Taiwania
plantation in the Liouguei area, and (2) to de-
rive diameter distributions from the predicted
stand attributes using the parameters recovery
methods.

MATERIALS AND METHODS

Data for this study came from Taiwan-
ian plantations in the Liouguei Experimental
Forest of TFRI. Permanent plots of Taiwania
plantations in compartment 3, 10, 12, 14, 18,
20, and 24 were used to establish the Taiwan-
ia plantation simulation model. At each plot,
trees were tagged, and stand attributes were
calculated following the different periods of
surveying. In each plot, data for each survey
were considered 1 observation in the dataset
for model fitting. In total, 228 observations
were used to construct the growth and yield
equations. Among them, 146 were from plots
with no thinning treatment, and 82 from plots
with 1 thinning practice. Validation was done
using observations randomly picked out from
the dataset.

The growth and yield simulation system
for Taiwania plantations (Taiwania cryp-
tomerioides Simulator, TCSIM) was devel-
oped in 3 stages. In the Ist stage, equations to
predict stand-level attributes (e.g., site index,
dominant tree height growth, DBH growth,
basal area, and volume growth) were obtained
and fitted to observed data, respectively. In
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the 2nd stage, stand tables were derived from
the whole-stand attributes to calculate pa-
rameters of the Weibull diameter distribution
function using parameter recovery methods
to assure the compatibility between the whole
stand and diameter distribution estimates of
the stand-level attributes. Finally, all equa-
tions were integrated and coded into a com-
puter simulator to be used by forest managers.
Site index models and the dominant
height growth function used were obtained
from a study of the site index model in the
Liouguei area (Wang et al. 2008) as equations
(1) and (2):
S =43.3419 H,””[1 — exp (-0.033 A)]’; .....

where S is the site index (m), A, is the base
age (yr), H, is the average dominant tree
height in stand at age A (m), A is the tree age
(yr), and P = In (H,/43.3419 H;***) / In [1 —
exp (-0.033A)].

H, =2.6462 S""™[1 —exp (-0.066A)]"; .........

where S, A,, Hy, and A are described above,
and P = In (S/2.6462S"7") / In [1 — exp
(-0.066A,)].

Compatibility and numeric equivalence
among stand-level attributes

Empirical equations developed by Beck
and Della-Bianca (1972) were used to predict
the basal area and volume at some projected
age when the site index, initial age, and basal
area are given. The associated equation is
listed as equation (3):
In (Y,) =b, +b,(S") + b, (A;") + bs(A/A;) In
(B)) + b, (1 —A/A,) +b5(S) (1 —AJ/A,);........

where Y, is the stand volume (m’ ha™) at
some projected age A,, S is the site index, B,
is the present basal area (m’ ha™), and A, is
the present age (yr).

When A, = A, = A and B, = B, = B,

equation (1) reduces to the general yield
model as equation (4):
In (Y)=b,+b,(S") +b,(A™") + b, In(B)...(4)

To obtain the numeric equivalence be-
tween basal area and volume, a procedure
following Knoebel et al. (1986) was used to
yield a basal area projection model in equa-
tion (5):

In (B,) = (A/A,) In (B,) + (by/by) (1 — A/A,)
+ (bs/b3) (S) (1 = AV/AY) e 5)

In this analysis, equation (3) was fit-
ted by ordinary least squares to each of the
growth periods, and the resulting regression
coefficients were plugged into equation (5) to
obtain a basal area projected model. F-tests
were performed to check the significance of
the independent variables and determine if
separate coefficients were needed for each
period. From these tests, we determined that
2 sets of coefficients were needed — one for
growth periods with no thinning and another
for growth periods after 1 thinning.

The tree density function in stumps was
fitted with equation (6) for 2 sets of observa-
tions as mentioned above:

InN=b,+b, (A +b,S+b,(BY.......... (6)

Based on a stem analysis of data from

taper and site index studies (Wang et al. 2007,
2008), the individual tree total volume was
estimated by equation (7):
V =0.0000729 D" g1 (7)
where V is the tree volume (m’), D is the di-
ameter at breast height (cm), and H is the tree
height (m).

The relationship of individual tree height
growth to the stand dominant height growth
was estimated using equation (8):

In (Hy/H) = b, + [b, + b, In (B) + b; (A™) +
b,ST(D" - Dmax™); .o, (8)
where H, is the average dominant tree height
in stand (m), H is the individual tree height
(m), D is the diameter at breast height (cm),
and Dmax is the maximum DBH in stand (cm).
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Since the independent estimates of aver-
age diameter (d), and average squared diam-
eter (4°) often produce negative variances on
the diameter (Knoebel et al. 1986), a proce-
dure discussed by Frazier (1981) was used to
predict the logarithm of the variance of the
diameter as equation (9):
In(d@-d)=b,+b In(B)+b, In(H,)+ b,
AXN |
10000 °
where &” is the average squared tree diameter
of the stand (cmz), d’ is the squared average
of the tree diameter of the stand (cmz), Hais
the average dominant tree height of the stand
(m), B is the basal area (m2 haEl), A is the stand
age (yr), and N is the number of trees ha .

To derive the stand attributes by DBH

classes in the stand table, the minimal DBH
in the stand must be determined. The minimal
DBH can be predicted using equation (10):
In Dmin = b, + b, [B/(0.00007853975 X N)]"*
Fb, N+ by (AXHY) e, (10)
where Dmin is the minimal DBH (cm), B is
the basal area (m” ha™), N is the number of
trees ha™', A is the stand age (yr), and H, is the
average dominant tree height in stand (m).

In this study, 2 options of thinning prac-

tice were provided. One is the traditional way
(i.e., thinning from below) in basal area, the
other is thinned with the basal area removal
ratio allocated for each diameter class. A
removal function defined that the amount of
basal area removed in each diameter class
was based on the ratio of the square of the
midpoint diameter of the class to the average
squared diameter of the stand as used in equa-
tion (11):

P, =exp [bl(%)bz]; ............................ (11)

where Piis the proportion of basal area re-
moved from diameter class i, di is the mid-
point diameter of class i, & is the average
squared diameter of the stand, and b: and b:
are parameters to be estimated.
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After fitting the different attributes into
all relevant equations, integration was per-
formed, and computer programs based on
Knoebel et al. (1986) were coded to create
Taiwania plantation stand growth and yield
simulator to simulate the growth response
under alternative silvicultural strategies and
different site qualities. An overall flowchart
diagram of the TCSIM simulator is shown in
Fig. 1.

RESULTS AND DISCUSSION

In order to ensure that the growth and
yield model will produce logical and con-
sistent results, it is essential to check if the
specified values of stand attributes at the be-
ginning of the projection period are within the
interval of data used in the fitting process.

Values far beyond the range of data may
yield illogical and inconsistent results due
to inappropriate extrapolations (Knoebel et
al. 1986). Table 1 shows the ranges of stand
attributes on plots fitted in this study. In the
TCSIM simulator, an allowance of 10% in
maximum and minimum values of each attri-
bute was arbitrarily given to allow flexibility
in the stand simulation. Any value specified
beyond this allowance was considered an ex-
treme value and had to be specified again for
the simulator operation.

Due to great variations among plots
in geographic conditions and management
regimes, the tree density (e.g., number of
trees per hectare) for each observation was
quite variable (Table 1). Therefore, the tree
density prediction equation was fitted with a
little lower R” for both unthinned and thinned
stands (Table 2). In other words, given an
age, site index, and stocking in basal area,
only a moderate proportion of the variation in
tree density among plots could be explained
by the model. The same situation in fitting
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Input stand attributes

A

v v v

Basal area known but Basal area and density known Density known but
density unknown basal area unknown
v A
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Calculate stand attributes

Stand level

DBH level

Estimate at stand/DBH level?

A 4

Weibull parameters estimator

A >
Computation
y
on trees, basal
area and Derive stand table by given parameters estimator
volume/ha

Yes Yes

Stand table?

Specify the residual basal area
desired

A

v

Thin the stand table according to
the thinning algorithm

Yes

Fig. 1. Flowchart diagram of the Taiwania plantation growth and yield simulation program
(TCSIM).



Taiwan J For Sci 25(2): 155-69, 2010 161
Table 1. Range of stand attributes used in fitting the growth and yield model

Attribute Range Maximum Minimum Mean=SD
Age (yr) 47 55 8 2512
Stems ha 2614 3000 386 1824 +220
DBH (cm) 27.8 39.5 11.7 209+3.1
Basal area (m” ha™) 69.9 84.2 14.3 52.4+7.8
Volume (m’ ha™) 501.8 580.6 78.8 351 +64

DBH, diameters at breast height.

Table 2. Coefficient estimates and fitting statistics for tree density projections (equation 6)

on unthinned and thinned stands

Unthinned stands Thinned stands
Parameter Coefficient  t-value Pr>1¢ Parameter Coefficient  t-value Pr>t¢
b, 7.90735 49.45 0.0001 b, 7.03681 49.11 0.0001
b, 17.5543 12.62 0.0001 b, 13.83722 6.12 0.0001
b, -0.06924 -5.82 0.0001 b, -0.02513 -2.26 0.0061
b, -24.61614 -12.91 0.0001 b, -19.72501 -5.72 0.0001
R 0.68 R 0.62

the tree density was found in Knoebel et al.’s
study (1986).

Coefficients of compatible and numeric
equivalent equations for predicting the basal
area per hectare and total volume are listed in
Table 3 for total volume projection. R* values
in Table 3 show that 92% of the variation in
the total volume among plots in unthinned
stands and 84% of the variation in thinned
stands were explained by the models. In the
basal area projection, to meet the numeri-

cal equivalence requirement, all coefficients
were directly derived from those obtained in
Table 3. As the stand height growth (average
of dominant and codominant trees) depends
largely on the site quality, with little relevance
to thinning treatments, in this study, stand
height growth in both data sets were projected
using the stand height growth predicting
model developed by Wang et al. (2008).

In the stand-level survey, stand height
growth can be assessed through the stand

Table 3. Coefficient estimates and fitting statistics for volume yield projections (equation 3)

on unthinned and thinned stands

Unthinned stands Thinned stands

Parameter Coefficient  t-value Pr>¢ Parameter Coefficient  #-value Pr>¢
b, 3.23751 12.38 0.0001 b, 3.52467 4.01 0.001
b, -12.42523 -3.93 0.0004 b, -5.25341 -2.01 0.04
b, -9.33265 -10.62 0.0001 b, -8.44988 -3.32 0.001
b, 0.98536 25.12 0.0001 b, 0.77087 4.05 0.0001
b, 3.83785 5.80 0.0001 b, 3.6539 2.39 0.02
bs 0.02780 0.60 0.5472 bs 0.34088 5.51 0.0001
R 0.92 R 0.84




162 Wang et al.—Stand growth simulation of a Taiwania plantation in the Liouguei Area

height growth model. However, the height
growth of individual trees depends on their
own size, the site quality, the stocking density,
etc; therefore, it may reveal a different pattern
of growth (Knoebel et al. 1986). As no detect-
able difference was found between the 2 da-
tasets, pooled data were used to estimate the
association of individual tree height growth
with the stand dominant height growth (Table
4).

Table 5 shows the fitting of Eq. 9 for
the pooled dataset. Given a value of d* ob-
tained from the estimate of basal area and an
estimate of In (¢* - @°), the quadratic mean
diameter of the stand was determined alge-
braically.

Forest resource managers would have a
more-useful production prediction tool if the
growth components were considered with
respect to various size classes rather than for

Table 4. Coefficient estimates and fitting
statistics for the individual trees height
prediction equation (equation 8) using
pooled data

Parameter Coefficient t-value Pr>¢
b, -0.10269 15.95 0.0001
b, 2.39228 1.56 0.12
b, 1.48842 13.14 0.0001
b, -16.68036 -4.67 0.0001
b, 0.67827 9.11 0.0001
R 0.85

Table 5. Coefficient estimates and fitting
statistics for predicting the 1st and 2nd
noncentral moments of the diameter
distribution (equation 9) using pooled data

Parameter Coefficient t-value Pr>¢
b, -12.1688 -2.33 0.0419
b, -1.1331 -1.57 0.1471
b, 7.26095 2.4153 0.0369
b, 0.30307 1.94 0.0818
R’ 0.87

the entire stand. In this paper, stand tables
were generated using a parameter recovery
procedure to estimate the parameters of the
stand DBH structure function. In TCSIM, the
predicted average diameter and basal area per
hectare obtained from the whole stand-level
projection were used through the moment-
based 3-parameter Weibull system with a
constant parameter ‘a’ approach to obtain
estimates of the Weibull function. Given the
parameter estimates, the number of trees by
diameter class was obtained by multiplying
the total number of trees per hectare predicted
in the whole stand-level projection by the pro-
portion of the total number of trees in a given
diameter class determined by the 3-parameter
Weibull density function. The basal area and
total volume by diameter class were obtained
by numerically integrating the Weibull prob-
ability density function over the range of
diameters in each class. For the detailed pro-
cedure, refer to Knoebel et al. (1986).

In the 3-parameter Weibull function,
the position parameter, “a”, is considered the
smallest possible diameter in the stand, and
is often approximated by Dmin, the mini-
mum observed diameter in the sample plot.
However, it will be positively biased since
Dmin is always greater than or equal to the
true smallest diameter in the stand. Thus, the
value of parameter “a” should most likely be
located between 0 and Dmin. Frazier (1981)
previously found that the Weibull distribution
could be estimated reasonably well from “a”
equals to 0.5 X Dim; therefore, an estimate of
parameter “a” of 0.5 Dmin was used by Kno-
bel et al. (1986) and in this study. The fitting
result of Dmin is shown in Table 6.

To project the parameters of the diameter
distribution function, both parameter predic-
tion methods and parameter recovery meth-
ods are used worldwide. In the former, the
parameters are directly predicted from stand
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Table 6. Coefficient estimates and fitting
statistics for predicting the minimum
diameter at breast height (equation 10)
using pooled data

Parameter Coefficient t-value Pr>¢
b, 1.4066 12.41 0.0001
b, 0.01597 2.28 0.024
b, 34.58749 6.95 0.0001
b, -27.11849 -2.63 0.0093
R 0.82

variables (e.g., age, site, and density) using
regression techniques, and then the number of
trees and yield per unit area are calculated for
each diameter class. The drawback of this ap-
proach is that regression models for predict-
ing the parameters usually account for only a
small percentage of the variation, i.e., low R
values (Cao et al. 1982). On the contrary, in
the parameter recovery method, compatible
whole-stand and diameter distribution esti-
mates of specific stand attributes are obtained,
and therefore, this method was selected by
many studies (Matney and Sullivan 1982, Cao
and Burkhart 1984, Hyink and Moser 1983).
Several desirable properties which should
be sought during the derivation of growth and
yield model are the analytical compatibility
of equations between growth and yield, in-
variance of the projection length and numeric
equivalency between alternative applications
of the equations, and compatibility of stand
tables with the whole-stand values (Knoebel
et al. 1986). In TCSIM, while the compatibili-
ty was based on the basal area, a difference in
volume obtained between whole stand-level
prediction and the stand table was found be-
cause the former stand volume was obtained
through site, age, and basal area; however,
the latter, stand total volume from table was
obtained by summarizing volumes of trees in
different diameter classes. This study shows
that the difference between the 2 at the initial
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age will drastically decrease through the pre-
diction of the future status of the stand (Tables
9, 11).

With the traditional thinning from be-
low, a left-truncated diameter distribution
was obtained due to the overall heavy thin-
ning of the lower-diameter classes. The basal
area removal function in this study (Table 7)
provides a way to remove the allocated basal
area from each diameter class, thus increasing
monetary profits from the thinned wood.

To be able to use the model to evaluate
possible stand growth due to changes in age,
site, and silvicultural treatments, validation of
the fitted model adequacy was necessary. The
mean absolute residual value in the percent
deviation from observed values was used to
measure the accuracy of the goodness-of-fit
for various stand components. Differences in
relative agreement were found among stand
attributes. Among them, the bias value of
DBH was smallest indicating the high degree
of reliability of the DBH prediction; however,
due to the variation involved in tree height
predictions, the goodness-of-fit of the volume
prediction was not as good as that of DBH
(Table 8). Moreover, due to the positive and
negative bias that occurred among attributes,
overall, no remarkable system bias was found
in the validation dataset.

It was noted that due to the lack of plots
thinned more than once, predictions in TC-
SIM can be applied to stands thinned once
only.

Table 7. Coefficient estimates and fitting
statistics for the basal removal function
(equation 11) using thinned data

Parameter Coefficient t-value Pr>1¢
b, -1.1187 14.82 0.0001
b, 1.9935 11.35 0.0001
R 0.72
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Table 8. Bias representing the absolute residual value between the observed and predicted
stand attributes in percentage for 30 selected observations

. Absolute bias (%)
Attribute . -
Average Minimum Maximum
Number of stems ha™ 5.8 1.5 17.0
Basal area (m” ha™) 12.9 22 27.4
Volume (m’ ha™) 15.1 3.5 30.1
DBH (cm) 4.6 1.6 24.2
Dominant height (m) 11.0 1.3 22.9
Min DBH (cm) 254 5.6 46.0
Max DBH (cm) 7.3 1.7 17.0

* Absolute bias (%) = abs [(observed value — predicted value)] / observed value X 100.

Computer software

The code in Visual FORTRAN for TC-
SIM was based on a model developed by
Knoebel et al. (1986) and modified by the
senior author to fit the Taiwania plot data on
site index and major attributes of growth and
yield functions. Overall, 1 main program with
11 subroutines and functions was included in
TCSIM. The computer program is illustrated
in a simplified flowchart diagram presented
in Fig. 1. The descriptions of the steps and
procedures outlined in the flowchart are given
here.

The input data required by the program
included (a) the age at the beginning of pro-
jection period, (b) the age at the end of pro-
jection period (equal to age at beginning of
projection period if no projection in the future
is desired), (c) the site index (m) at a base age
of 25 yr, (d) either the number of trees per
hectare or the basal area per hectare or both
at the beginning of the projection period must
be known, with the case that given 1 attribute,
the other can be predicted from the age, site
index, and the known attribute from the equa-
tions, and (e) the number of previous thin-
nings.

Both batch and interactive modes are
offered in TCSIM to yield whole stand-level
or diameter distribution-level estimates. The

interactive mode is preferred for the case of
evaluating the effects of thinning strategies on
the growth and stand structure because of the
prompt response obtained. When the number
of projections is large, the batch mode is de-
sired.

More than 1 thinning can be handled by
the Knoebel model; however, due to the lack
of data on plots with more than 1 thinning at
the experimental site, only effects of 1 thin-
ning treatment can currently be assessed by
TCSIM developed in this study.

To illustrate the implementation and out-
put of TCSIM, the following case is provided.

A 14-yr-old plantation with a stand de-
nsity of 2100 stems and a basal area of 52
m’ ha' at a site index of 14 m with thinning
operation to 40 m” ha" using the basal area
removal function thinning algorithm was used
to predict the stand table at 44 yr old.

When using TCSIM, users must provide
data on the initial age, predicted age, site
index, and at least 1 value of either stand den-
sity or basal area or both values. Given the
specified age and site, TCSIM will compute
related stand attributes and derive the stand
table by the parameter recovery method (Table
9). Given the residual basal area and thin-
ning algorithm, the stand attributes, amount
removed, and stand table after thinning are
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Table 9. Predicted stand values and stand tables at an initial age of 14 yr

Whole-stand growth and yield estimates

Initial age = 14 yr

Predicted age = 14 yr

Initial basal area = 52.0 m” ha
Predicted basal area = 52.0 m” ha
Predicted number of trees = 2100 ha’'

Site index (base age 25 yr) = 14 m
Thinning in the past =0

Predicted volume = 264.2 m’ ha™
Initial number of stems = 2100 ha

Predicted stand/stock table

DBH (cm) Trees (ha™) Basal area (m” ha™) Height (m) Volume (m’ ha™)

5 0.7 0.0 7 0

7 10.5 0.0 7 0

9 453 0.3 7 1
11 117.7 1.1 8 4
13 226.8 3.1 8 12
15 346.3 6.2 8 23
17 4233 9.6 8 36
19 406.8 11.5 9 42
21 296.3 10.2 9 37
23 155.9 6.4 9 23
25 55.9 2.7 9 10
27 12.8 0.7 9 3
29 1.8 0.1 9 0
Total 2100.0 52.0 --- 192

Stand table summary:

Input summary

Projection summary

Age=14yr

Site index (base age 25 yr) = 14 m
Basal area = 52.0 m*/ha’

Number of trees = 2100/ha’
Previous thinning = 0

Age=14yr

Number of trees = 2100 ha

Basal area = 52.0 m” ha’'

Volume = 193 m® ha™!

Minimum diameter = 5.0 cm

Mean diameter = 17.8 cm

Maximum diameter = 29.0 cm

Mean tree height of dominant trees = 8 m

shown in Table 10. The final whole stand at-
tributes and stand table at the predicted age
(44 yr) are shown in Table 11. Therefore,
comparisons among alternative thinning in-
tensities and the thinning algorithm are pro-
vided as well. Moreover, this study showed
that the identical results obtained using with
a long projection length or cutting it into

several short lengths and simulating them
separately indicated the invariance of the pro-
jection length in TCSIM.

CONCLUSIONS

TCSIM was designed from the whole-
stand growth viewpoint. In TCSIM, factors
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Table 10. Predicted stand values and stand table at the initial age of 14 yr after thinning

Predicted stand/stock table after thinning

DBH (cm) Trees (ha™) Basal area (m” ha™) Height (m) Volume (m’ ha™)

5 0.0 0.0 0 0

7 0.0 0.0 0 0

9 0.4 0.0 7 0

11 10.2 0.1 8 0
13 41.6 0.6 8 2
15 106.0 1.9 8 7
17 249.6 5.7 8 21
19 406.8 11.5 9 42
21 296.3 10.2 9 37
23 155.9 6.4 9 23
25 55.9 2.7 9 10
27 12.8 0.7 9 3
29 1.8 0.1 9 0
Total 1337.3 40.0 --- 146

Stand table summary after thinning:

Age=14yr

Minimum DBH = 9.0 cm

Maximum DBH =29.0 cm

Basal area = 40.0 m” ha'!

Number of trees prior to thinning = 2100 ha’'
Basal area prior to thinning = 52 m” ha
Volume prior to thinning = 192 m* ha™

Site index (m at base age 25 yr) = 14 m
Mean DBH =19.5 cm

Mean tree height of dominant trees = 8 m
Volume = 146 m® ha’'

Number of trees removed = 763 ha’'
Basal area removed = 12 m” ha

Volume removed = 46 m’ ha™'

affecting stand growth such as age, site, den-
sity, and management activities are integrated
and programmed into the software. Prelimi-
nary trails with TCSIM produced reasonable
values in simulating growth and yield of
Taiwania plantations. Through the aid of TC-
SIM, dynamic changes for a given stand can
be effectively evaluated. Moreover, TCSIM
can be used for timber production, and also
for carbon stock and flow estimations.
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