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ABSTRACT

Three different crown-based individual-tree basal area increment functions were developed
and evaluated for Acer saccharum, Fraxinus americana, and Tilia americana in temperate
deciduous forests of the Great Lakes region in North America. The three different model
forms (multiple linear regression, modified Chapman-Richards and modified STEMS) were
compared for predictive accuracy. Their models had similar predictive accuracy, with a root
mean square error for basal area increment of 6-9 cmz/yr. Several validation measures for
predicted basal area increment were evaluated in the models using independent data sets.
The test for model bias (simultaneous F-test for slope=1 and intercept=0 for fit of observed
vs. predicted values) showed no significant bias, and model efficiency (EF) revealed good
fits for all models and species.

Long-term projections of basal area increment and stem diameter at 1.37 m (dbh), were
made over a period of 300 years for dominant-codominant sugar maple trees and compared
with observed data. There was no evidence of asymptotic cumulative diameter growth in any
species, either in the data set or in simulations. The theoretical advantage of the Chapman
-Richards model in simulating asymptotic diameter growth was therefore not apparent in
this data set since asymptotic growth was not observed over an age range of 50-300 years.
The three alterative crown-based models appear equally suitable for forecasting general
population features over a long period of time, even into the old-growth stages.

Key words : Basal area growth, Crown-based model, Multiple linear regression, Modified
STEMS, Modified Chapman-Richards
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INTRODUCTION

Since Newnham (1964) published the first
individual-tree model, a variety of such mod-
els have been developed, tested, and applied
to forest research and management (Munro,
1974; Shugart, 1984). Individual-tree models
can be divided into two broad categories;
process models and empirical models. Process
models attempt to model the processes of
growth, taking as input light, temperature,
and soil nutrient levels, and modeling photo-
synthesis and the allocation of photosynthesis
to roots, stems, and leaves (Botkin et al.,
1972; Sievanen et al., 1988; Bossel et al.,
1991; Botkin, 1993). Such models, however,
currently have limited practical application,
in part because of difficulties in estimating
the many parameters (Bossel et al., 1989).
For example, JABOWA is a forest model in
which tree growth is a function of light and
temperature, and regeneration is determined
by light, temperature, and soil moisture con-
ditions (Botkin et al., 1972). In principle,
it uses physiological process variables such
as light diffusion through the canopy. But
in practice, because there are difficulties in
measuring these variables, they are usually
substituted with easily measured variables
such as dbh. Therefore, some empirical con-
tent often remains even in process models.
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Substantial progress has been made in recent
years with process models that directly simu-
late photosynthesis and carbon allocation, and
some of these, such as TREE-BGC (Korol
et al., 1996) have been successfully adapted
to the individual-tree level.

The new challenge is to provide a suffi-
cient physiological and ecological basis to
ensure realistic predictions under a variety
of site and stand conditions, especially when
empirical data for calibration are limited
(Kowalski and Guire, 1974; Hamilton, 1990;
Wykoff, 1990; Zeide, 1993; Vanclay, 1995).
Mixed models including both empirical and
process elements are likely to be needed to
make reliable long-term forecasts and credi-
ble growth predictions for large heterogeneous
areas or for management conditions that can-
not currently be observed (Bruce, 1988).

One of the most widely used models based
on biological principles of growth is the
Chapman-Richards function (Murphy, 1983;
Martin and Ek, 1984; Harrison and Daniels,
1988; Greg and Robert, 1991). Pienaar and
Turmbull (1973) used the Chapman-Richards
function as a basis for the development of a
theory of basal area growth and yield of even
-aged coniferous monocultures. The Pienaar
and Tumbell theory views the increase in
physical dimensions of trees as the net effect
of internal anabolic processes, or constructive



metabolism, and catabolic processes, or de-
structive metabolism. They then assumed
the anabolic rate to be proportional to the
photosynthetic leaf area of the tree. It is
assumed that an allometric relationship exists
between the photosynthetic surface area and
some other physical dimension, e.g., dbh and
basal area. The Chapman-Richards model
is a general sigmoid-shaped function that
can be derived by considering the growth
rate of any population to be the difference
between the anabolic rate and catabolic rate,
so there is a single inflection point and an
asymptotic value over time. Knowing when
the asymptote appears is important in study-
ing the development of old-growth forests
and managed forests on extended rotations.
Little is known about the age at which
asymptotic diameter or volume growth occurs
in individual trees of most species, and use
of the Chapman-Richards function has typi-
cally been restricted to the range of stand
ages commonly found in forests managed
on normal economic rotations. Therefore, it
would be desirable to examine the use of the
Chapman-Richards model in a long-term
projection of tree growth in older stands of
late-successional temperate forests.

Another widely-used semi-empirical, indi-
vidual-tree model of forest growth is the
STEMS model of the U.S. Forest Service
(Belcher et al., 1982), which has a two-step
process for predicting basal area growth.
The potential growth function predicts the
growth of open-grown trees in the absence
of competition, while the modifier function
expresses the effect of competition on reducing
the potential growth to attain the “realized”
or actual growth of each tree. Shifley (1987)
pointed out that there are some practical ad-
vantages to splitting growth estimation into
potential and modifier components. First, it
breaks a complex modeling problem into more
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tractable parts. Second, the growth potential
function identifies an upper bound to tree
growth and total size. A carefully selected
potential function ensures that all projected
growth rates, even those falling outside of
the range of the calibration data, are biologi-
cally reasonable. Potential growth is estimat-
ed from trees that have experienced little
competition. The modifier function, on the
other hand, is developed from growth obser-
vations over a wide range of competition and
stand density.

Existing models such as the Chapman-
Richards function and STEMS can be modified
to predict basal area growth rate as a function
of crown variables. Previous studies have
shown that field measurements of crown size
and crown overlap often give improved pre-
dictions of individual tree growth and mor-
tality compared to use of more conventional
variables such as tree stem diameter as a
substitute for leaf area and plot basal area as
a substitute for inter-tree competition (Hix
and Lorimer, 1990; Biging and Dobbertin,
1992; Cole and Lorimer, 1994; Dahir, 1994).

Most prior studies on crown models have
adopted a particular functional form for the
tree growth equation that appeared a prior:
to be best suited for their particular purpose,
but few comparative studies have been con-
ducted to evaluate the performance of altemna-
tive functional forms. The specific objectives
of this study are (1) to compare the predictive
accuracy and asymptotic growth trends of
three different model forms : a simple addi-
tive linear model, a modified version of the
Chapman-Richards function, and a modified
version of the STEMS model utilizing the
same independent crown variables, and (2) to
evaluate the ability of these models to make
accurate long-term projections of individual
tree growth.
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METHODS

Study areas

Data on basal area increment were utilized
from 3 pre-existing data sets, all of them ob-
tained on similar habitat types and using the
same sampling methods (Cole and Lorimer,
1994; Singer and Lorimer, 1997; Cole and
Lorimer, unpublished). The data were col-
lected from 1987-1991 on 63 plots in fifteen
northern hardwood stands in northem Wis-
consin and adjacent western Upper Michigan
(Fig. 1). Overstory tree species included
sugar maple (Acer saccharum), basswood
(Tilia americana), white ash (Fraxinus a-
mericana), and other northern hardwood as-
sociates.

The study sites lie within sub-subsections
1X.3.1, IX.3.2, and IX.3.3 of the ecological
landscape classification of Albert (1995). Mean
monthly temperatures range from -12.3 C
in January to about 19.5 C in July. Annual
precipitation averages 820 mm and is fairly
well distributed throughout the year. Eleva-

Michigan
0
C
Wisconsin
|
50 km

e Even-aged second-growth stands

= Uneven-aged second-growth stands
4 Old second-growth stands

* True old-growth stands

Fig. 1. Location of study sites
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tions range from 500-550 m. Soils are classi-
fied as well or moderately well drained loamy
Spodosols, originating from eolian deposits
on glacial till or glacial outwash.

Stand had been subjected to a wide range
of past cutting treatment, and included stands
that were untreated, stands that had been
thinned or selectively harvested to various
stocking levels, and stands that had received
heavy shelterwood cuts. All stands, however,
were selected on similar habitats to minimize
confounding effects of site quality variation on
individual tree growth. Stands were selected
on habitats classified as mesic and nutrient
rich in the system of Kotar et al. (1988).
These included the Acer-Viola-Osmorhiza,
Acer-Fagus-Adiantum, and the upper site
quality range of the Acer-Tsuga-Dryopteris
habitat type. The mean site index from all
acceptable sugar maple trees was 19.0 m
(range 16.5-20.0 m). Site index was estimated
from curves of Carmean (1978) using only
dominant and codominant sugar maple, white
ash and American basswood trees that showed
no evidence of early growth suppression in
stem disks cut at breast height.

The combined data set included a wide
variation in age among sample trees, ranging
from 17-311 years. Thirty percent of the 382
trees were >100 years old, 18% were >150
yvears, and 10% were >200 years old. Inten-
sity of treatments in the managed stands
ranged from <20 to 65% basal area removal.

Field methods

Circular plots were established in each stand
by stratified random sampling, with plot
radius equal to 3.5 times the mean crown
radius of the 10 canopy trees (dominant, co-
dominant, intermediate, as defined by Smith,
1986) nearest to plot center. Subject trees,
on which growth measurements were made,

were all trees greater than or equal to 5 cm
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in any single year.
Crown-based independent variables used
in this study included total tree height (H),
total crown projection area (TCA), relative

height (H/H), exposed crown area (ECA),
and percent exposed crown area (¥ECA).

Relative height (H/H) was calculated by di-
viding total tree height at the growth interval
midpoint by the arithmetic mean height re-

dbh within a radius 2.1 times the mean crown
spectively, for all codominant and dominant
trees on the plot. Total crown projection area

radius of the 10 canopy trees. This plot de-
sign is efficient for data collection and gives
approximately equal number of sample trees
recorded for all live trees within the outer
(TCA) was calculated as the sum of the areas
of four quarter ellipses delimited by the four
crown radii measured in cardinal directions.
Exposed crown projection area (ECA) was
calculated in a similar way, but using projec-
tion area of the exposed portion which was

in stands of different ages.
Distance and azimuth from plot center were
plot perimeter. Species, dbh, and crown class
were recorded for all subject and competitor

trees. The crown classes recognized were
dominant, codominant, intermediate, and sup-
pressed, as defined by Smith (1986). For
subject trees, crown radii in four cardinal
directions as well as radii of the exposed
portion of the crown (the part not overtopped
by adjacent trees) were measured by extending

a tape measure horizontally from the bole
center at ground level to the crown projection not overlapped by the branches of adjacent
trees. Percent exposed crown area (¥ECA)

was computed as the ratio of exposed to total
crown projection area. For overtopped trees,

a minimum %ECA of 2.0 was assigned to
in the canopy. ECA for overtopped trees

take into account sun flecks and small breaks
was therefore calculated as 2% of the mea-

sured TCA.
to minimize the cumulative time differences

between dependent and independent variables.

Independent variables were backdated to
culated by subtracting observed annual growth

edge. A clinometer was used to sight the
crown projection edge for all measurements.
Subject trees were felled and total height
measured. A disk was cut at breast height
the midpoint of the growth interval in order

for laboratory measurement of radial increment.
A detailed description of this field method

is given by Cole (1991), Singer (1995), and
Size variables for each subject tree were cal-

increments from current size. Bark thickness
was assumed to be constant over the several

years in question for estimates of backdated
diameter. Total crown area (TCA) was also

backdated at the growth-interval midpoint
for each data set. However, we assumed that

Data analysis
percent exposed crown area (%ECA) and

The dependent variable evaluated in all 3
model forms was annual basal area growth

Choi (1998).
Calculation of dependent and independent
(ABA). Annual basal area growth was cal-
culated as the mean annual increment for

variables

the five-or seven-year period preceding the
year of measurement, or in some cases as
the mean annual increment from the year of
treatment to the year of measurement, to a
maximum of ten years (Cole and Lorimer,
1994; Singer and Lorimer, 1997). Mean annual
basal area increment over a 5-10 year period
was used for each tree to minimize the poten-
tial effects of climatic or pathogenic factors

height of widest part of crown for most ma-
ture trees would not have changed substan-
tially over the period from year of measure-

ment to interval midpoint. Therefore, exposed
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crown area (ECA) at midpoint was calculated
by multiplying the midpoint TCA by the
%ECA in the year of measurement. A more
detailed description of the midpoint can be
given by Cole (1991) and Choi (1998).

Alternative crown-based model forms
Linear model
Species-specific multiple regression equa-
tions for crown-based variables were devel-
oped based on an a prior: hypothesis that a
model of the form

[1] Annual growth=f(initial size, relative
size, local stocking or competition)

would generally give the most accurate pre-
dictions when simple external tree measure-
ments were used as predictor variables (Cole
and Lorimer, 1994). Eq. [1] was used as a
starting point in the variable selection proc-
ess, but was not used to constrain final model
structures. In this and all subsequent models,
the coefficient of determination (R?) and mean
square error (MSE) were used to measure
goodness of fit. Also, analysis of residuals
was used to check for violations of regression
assumptions.

Absolute size reflects a tree's overall stature
and is assumed to be correlated with leaf
surface area within a species. Relative size,
the tree's absolute size divided by the plot
mean size for a given variable, represents the
position of a tree within the vertical profile
and reflects the effects of crown shading,
even at low stocking levels. The local com-
petition term is an indirect measure of the
effect of stocking on competition for site
resources, particularly competition for light
among tree crowns. Relative size and local
competition variables are also important in a
model designed to simulate changes in stand
structure due to thinning, single-tree selec-

0E e 2947 Age] ABPFAS

Ag FHEdRde Hrt

tlo
4

tion and natural mortality of individual trees.

Modified Chapman-Richards function

Martin and Ek (1984) used the modified
Chapman-Richards model as a basis for the
development of a theory of individual-tree
diameter growth in red pine plantations in
Wisconsin. The Chapman-Richards model was
extended to include measurement of environ-
mental resistance (based on a competition in-
dex) and differential site quality (based on
site index) as follow :

[21 (1-environmental resistance) X (anabolic
rate-catabolic rate)

Martin and Ek (1984) included the effect
of differential site quality by assuming an
allometric relationship between the parameter
and site index. Catabolic rate was assumed
to be proportional to the size of the tree (dbh).
The potential rate (anabolic rate-catabolic rate)
was finally modified by environmental resis-
tance. Therefore, the theoretical expression
Eq. [3] was rewritten with the parameters
for the diameter growth model as follows :

3] 4Dy=e " (8,5"D%—b,D)

where 4D;=the annual diameter increment
for the 7th year of growth period,
C = competition index,
S =sgite index, and
D;=dbh at the 7 th year.

For the present study, because anabolic
rate and catabolic rate were assumed to be
proportional to leaf area of the tree (Pienaar
and Tumbull, 1973), the total crown area
(TCA) should be a better substitute than
dbh. And the competition term was expressed
with percent exposed crown area (%ECA)
and relative height (H/H) instead of compe-



tition index. Site index is not included in the
equation since the study sites were selected
to be similar in soils, landform, and habitat
type. The modified Chapman-Richards for
this study is

[4] ABA .= e —b,(100—%ECA)/(H/H"
4 i~
(bgTCA?" —bsTCA))

where 4BA;=annual basal area growth
for the 7 th year of growth
period,

% ECA;= percent exposed crown area

at the 7 th year,
H;/ H=relative height at the 7 th
year and

TCA;=total crown area at the 7 th
year of growth period.

Modified STEMS function
The STEMS model (Belcher et al., 1982)
consists of two components as follows :

[5] Annual growth=[potential growth func-
tion] X[modifier function]

where Potential growth function=f (dbh,
site index, crown ratio code), and
Modifier function=f (plot basal area,
dbh, relative diameter)

In this study, however, crown-based vari-
ables were used instead of diameter-based
variables as follows :

Potential growth function=f (TCA, H), and
Modifier function=f (%ECA, H/ H)

The independent crown-based variables of
the potential growth function, total crown area
(TCA) and total height (H), were selected
to be only dominant and codominant trees
having exposed crown area (ECA) greater

3
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than 90 percent. These trees are therefore
under relatively low competition for forest-
grown trees. Trees meeting these criteria
made up 20% of the sugar maple sample
trees, 63% of the basswood, and 61% of the
white ash (Table 2 and Fig. 2). The com-
petition modifier was developed with percent
exposed crown area (%ECA) and relative
height (H/H) as independent variables. Spe-
cies-specific multiple regressions were devel-
oped for both functions.

The original STEMS model used complex
non-linear equations; however, in this study,
multiple linear regression was used for both
potential function and modified function in
order to evaluate the statistical significance
of individual variables.

Validation procedure

Validation of crown models was performed
separately for sugar maple, basswood and
white ash. Five data sets making up 2/3 of
the total data for each species were randomly
selected for calibration. The calibration data
set was then used to fit the 3 crown-based
models for each species. The observed values
of the independent variables for each tree in the
validation data sets (1/3 of total data) were
then entered into equations fit with the cali-
bration data set, and observed and predicted
growth for each tree compared. The statistical -
measures of validation from Mayer and Butler

(1993) were used for this study : root mean
square error (RMSE) : | Z(y;—y)*/n, mean
absolute error (MAE): (X | y,—y;1)/%n, mean
absolute percent error (MA%E) : 100[(X | y;,—
y:1/1v:1)1/n modeling efficiency (EF) : 1—

2 (y;i—y)* 2(y;—v)?, and linear regression
analysis of observed versus predicted values

(including simultaneous F-test for bias). For
bias test, predicted values of the variate (x
axis) were plotted against observed values (y
axis). The line of perfect agreement between
predicted and observed is then a straight line
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with slope=1 and intercept=0. A linear re-
gression of actual observed vs. predicted
values can then be evaluated to test the
hypothesis of slope=1 and intercept=0. A
non-significant result indicate lack of model
bias. The average statistical measures of
validation for the 5 independent data sets
were computed for each model.

Long-term validation tests were evaluated
in order to determine if long-term cumulative
growth (basal area growth and dbh) give
reasonable projections for dominant-codomi-
nant trees. The developed growth projections
of dominant tree was superimposed onto ob-
served data on the dimensions of dominant-
codominant trees to verify the growth pattern
with observed data over time.

RESULTS

Comparison of alternative crown-based
models

Linear model

Variables that were significant when com-
bined in multivariate equations generally in-
cluded all three categories of variables for
sugar maple in Eq.[1] (initial size, relative
size, competition). For sugar maple, these
three independent variables accounted for 78
% of the observed variation in basal area in-
crement (Table 1). For basswood and white
ash, the relative size term was not significant
(»=0.1-0.2 and 0.4-0.7, respectively). How-
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ever, in all species, significant independent
variables had positive coefficients as would
be expected, with growth rate positively cor-
related with initial size and improved com-
petitive position (Table 1).

All equations in Table 1 typically include
the same significant predictors as the equa-
tions in Cole and Lorimer (1994). The com-
bined data increased the R? value of all equa-
tions for sugar maple and white ash (1-7
percentage points) in the data of Cole and
Lorimer (1994). However, the R? decreased
slightly for basswood (2-10 percentage points).
Among all species, percent exposed crown
area and exposed crown area were typically
the most significant predictor variables (Ta-
ble 1).

Natural logarithm transformations of predic-
tor and response variables generally produced
better residual pattemns and higher correlations
with basal area growth.

Modified Chapman-Richards function

The by and by coefficients of the modified
Chapman-Richards model, Eq.[4], could not
be adequately estimated from the present data
set because the maximum number of nonlinear
iterations was exceeded in the analysis (in
SYSTAT 5.2). Martin and Ek (1984) simpli-
fied the model by omitting parameter b, after
they found a strong correlation between pa-
rameter b; and parameter by. The same pro-
cedure was used here. The by was assigned

Table 1. Linear crown-based equations for predicting annual basal area increment (4BA,
cm’/yr). All equations have significant F-value (»<0.0001) and significant individual

parameter estimates (»<0.05).

Equation

n R? MSE

Sugar maple
Basswood
White ash

In 4BA=-0.25+0.46InTCA+1.03lnRH+0.28In%ECA 205  0.78  0.30
In 4BA=-3.58+1.66lnH+0.3InECA 63 0.70 0.21
In 4BA=-2.33+1.01InTCA +0.33In%ECA 3 0.8 0.16

H=height(m) ; TCA=total crown area(m?) ; RH=relative height (H/H) :

ECA =exposed

crown area(m?) ; %YECA=percent exposed crown area((ECA/TCA) x 100)
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Table 2. Crown-based basal area growth equations in modified Chapman-Richards model.

2

Equation n R° MSE
Sugar maple ABA=EXP(—0.008x((100—%ECA)/RH))(2.54TCA**—0.28TCA) 205 0.61 43.34
Basswood ABA=EXP(—0.009*((100— %ECA)/RH))(3.74TCA**—0.53TCA) 62 0.44 75.73
White ash  ABA=EXP(—0.014+((100—%ECA)/RH))(0.62TCA?*+0.33TCA) 33 0.83  37.8
90 S — sume the potential growth rate is equal to
a i > Mod-High competition ] the anabolic rate minus the catabolic rate.
* 50W GompRINGY 1 But for white ash in the t study, thi
i | ] present study, this
. ] assumption was violated, possibly due to the
L8 T ] limited amount of data available for white
50 f * . . ash (n=33) (Table 2). Residual histograms
40 | 8 ] looked normal, but all residual plots exhibited
30 [ o . ] heteroskedasticity because the data were not
g s, T o u & s ﬁﬁ e ] ] log transformed.
& R B S ] In all three species, the Chapman-Richard
% 10 r ey ° 828 of § ] function explained a somewhat smaller per-
g 0 2 . LT - centage of observed variation in basal area
“E’ . 10 &0 - . =1 increment (R*=(.44-0.83) than in the additive
3] Height (m) : ’
£ linear model.
g o0 x - ' v x ]
]
E 80 r ] Modified STEMS function
S 707 ] The two independent variables in the poten-
60 F * . tial growth equation (height and total crown
50 | . . ] area) were both significant in sugar maple.
PR ] However, the height coefficient for basswood
ot ° . and white ash was not significant in the po-
30 [, og " ] tential growth function, so height was elimi-
20 -g;;:.%',{j;:: e ] nated (basswood p=0.2, white ash p=0.3).
10 'g"’:“ K2 ’ e @ . The R? for the potential growth equation was
S, ] relatively high for sugar maple and basswood

0 50 100 150 200 250 300

Total crown area (m2)
Fig. 2. Annual basal area increment versus height
and total crown area for sugar maple.
Black dots are the data from trees with
low competition (dominant-codominant

trees with %ECA>90) used in the mod-
ifed STEMS potential growth function.

the value of 2/3 for this study because Von
Bertalanffy (1951) concluded that for a major
class of organisms this parameter is approxi-
mately 2/3. Pienaar and Tumbull (1973) as-

(0.66-0.73), but relatively low for basswood
(0.30).

For most of the trees, the competition
modifier is between 0 and 1 as shown in Fig.
3. Some trees have competition modifiers
greater than 1 because their actual basal
area growth is greater than the predicted
mean growth rate of the dominant-codominant
trees. Theoretically, as the competition modi-
fier approaches 1, actual basal area growth
approaches the potential growth. As the com-
petition modifier approaches (), actual basal
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area growth is reduced relative to potential
growth. As expected, the competition modi-
fier is positively correlated with relative
height (r=0.35 to 0.51) and percent exposed
crown area (r=0.45-0.67). However, because
the potential growth function is deterministic
and based on regression fits, some trees in
actual stands can be expected to grow faster
than what is predicted by the model.

Final basal area equations for each species
are calculated as the product of the potential
function and competition modifier, as indicated
in Table 3. It is not possible to calculate an
R? value for the overall model. No violations
of regression assumptions were found in the
histograms and plots of residuals for the po-
tential growth function, competition modifier,
and final STEMS model.

Validation

The validation measures (root mean square
error (RMSE), mean absolute error (MAE),
mean absolute percent error (MA%E), bias
(the simultaneous F-test for slope=1 and
intercept=0), modeling efficiency (EF)) for
predicted basal area growth increment were
evaluated in the altemative crown-based mod-
els. The validation measures were calculated
as mean of the statistical measures of 5

Table 3. Crown-based basal area growth equations in modified STEMS. All equations have
significant F-value (»<0.0001) and significant individual parameter estimates (»<0.05).

Equation n R? MSE
Potential growth
Sugar maple In APBA* =—0.74 + 0.85InH + 0.25InTCA 46 0.66 0.21
Basswood In A4PBA* = 1.78 + 0.32InTCA 39 0.30 0.22
White ash In 4PBA" = (.14 + 0.78InTCA 20 0.73 0.12
Competition modifier
Sugar maple InMODT = —1.44 + 0.54InRH + 0.29In%ECA 205 0.53 0.32
Basswood InMODT = —1.75 + 1.49InRH + 0.34InECA 62 0.36 0.30
White ash InMOD'" = —1.67 + 0.85InRH + 0.33n%ECA 33 0.58 0.18

Actual estimated bassal area growth
4ABA = APBA* x MOD'

* Potential basal area growth from trees selected with dominant crown class and %ECA greater than 90.
+ Competition multiplier was calculated as the ratio of actual basal area growth to potential basal area

growth from equation.



randomly replicated validation data sets for
each species (Table 4).

Because the validation measures for the
modified Chapman-Richards models were cal-
culated from untransformed data, the vali-
dation measures for the other models were
recalculated from untransformed data to fa-
cilitate comparisons.

As shown in Table 4, mean absolute error
and mean absolute percent error are relatively
low for sugar maple and white ash. The cal-
culated model efficiency (EF), analogous to
the coefficient of determination (R%), is rela-
tively high in models for sugar maple and
white ash (0.61-0.74). The bias test (the si-
multaneous F-test for slope=1 and intercept
=() was not significant in all models and
species, so a hypothesis for slope=1 and in-
tercept=0 was accepted, so no evidence of
model bias was found. The multiple linear
model was generally the best for all species.
However, differences between model forms
were rather small.
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Evaluations of long-term projections
Basal area incrvement for individual trees
To evaluate the long-term prediction of
basal area increment for dominant sugar ma-
ple, the three crown-based model projections
(multiple linear regression, modified Chapman
-Richards and modified STEMS) were su-
perimposed onto the "potential growth" data
set (dominant-codominant trees under low
competition) (Fig. 4). For long-term simula-
tion of a dominant tree from age 50, updating
of other independent variables (TCA, H, RH,
%ECA) needed in the three crown models
was obtained as follows : To estimate the
initial total crown area at age 50, a simple
allometric regression (TCA=/+bAge) was
developed from the dominant-codominant tree
data. Initial height at age 50 was determined
by asymptotic nonlinear regression (H=&(1—
¢%4%9) from the same data set. Total crown
area and height were then updated every year
using these allometric equations. Percent ex-
posed crown area and relative height were

Table 4. Average validation measures for independent data sets based on 5 replications with three

alternative crown-based models.

Model RMSE MAE MA%E Intercept Slope Bias* EF
Sugar maple (n=68)
Linear model 6.10 3.62  47.77 0.31 1.12  2.99* 0.66
Modified Chaman-Richards  6.53 3.98 67.87 -0.41 1.08 1.25% 0.61
Modified STEMS 6.47 3.74  49.50 0.32 1.13  3.15%" 0.62
Basswood (n=21)
Linear model 8.02 5.716  34.60 1.67 1.02 0.86"™ 0.43
Modified Chaman-Richards  8.15 6.43 54.71 -2.73  1.13 0.47® 0.42
Modified STEMS 8.76 6.46  50.79 -3.80 © 1.43 1.74™ 0.33
White ash (n=11)
Linear model 6.79 4.76  44.25 0.15 1.00 1.84™ 0.74
Modified Chaman-Richards  6.65 4.61  46.70 0.72 0.97 1.81™ 0.73
Modified STEMS 6.96 4.84  47.74 -1.67 1.22 2.61" 0.74

RMSE, root mean square error, | 2(y,—3)%/» ; MAE, mean absolute error, (X | y;—3;1)/n; MAXE,
mean absolute percent error, 100[(Z | y;—y:|/1y:1))/»n ; * Simultaneous F-statistic for slope=1
and intercept=0 ; EF, modeling efficiency (EF) : 1— 3(y,— % X(»;—y)* ; ns, nonsignificant (P

>0.05)
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Fig. 4. Simulated long term basal area increment
and dbh trend of dominant-codominant
sugar maple trees starting at age 50 and
using the 3 crown-based models. Other
independent variables(TCA, H, RH %
ECA) needed for simulation were up-
dated annually using allometric equation
(see text). Percent exposed crown area
and relative height were set to 100 and
1.0, reapectively, in order to remove the
possible confounding effects of competi-
tion and simulate the growth of a domi-
nant tree under minimal competition. Dots
represent observed 4BA and DBH of
dominant-codominant trees in the data
set currently under minimal competition
(BYECA>90).

set to 100 and 1.0, respectively, in order to
remove the possible confounding effects of
competition and to simulate the growth of a
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dominant tree under minimal competition.
Basal area increment projections show simi-
lar trends among the 3 models over 250 years,
compared to the observed 4BA vs. age trend
among dominant trees in the data set (Fig.
4). While the modified Chapman-Richards
projection seems to overestimate observed
basal area increment, the other projections
appear to go through the middle of the data
points. After 250 years, as the simulated
conditions are extrapolated beyond the range
of existing data, the three model predictions
begins to diverge. As expected, the modified
Chapman-Richards projection begins to show
evidence of declining basal area increment
with increased age, but not until after 350
years. Basal area growth rate begins to de-
crease after 483 years, and finally approaches
0 after 1595 years, which is far beyond the
maximum life expectancy in these species.

Cumulative long-term diameter growth of
individual trees

In order to examine long-term sugar maple
diameter growth, cumulative diameter of domi-
nant trees was projected using basal area
increment predicted by the 3 crown models
superimposed onto the scatter of observed
sizes of dominant-codominant trees (Fig. 4).
Dbh and other independent variables were
updated using the equations mentioned in the
previous section. The three growth projec-
tions have a similar and nearly linear trend
over a period of several hundred years. While
the modified Chapman-Richards model ap-
pears to overestimate the observed trend
slightly, the other projections have similar
trends to the observed data. No asymptotic
trend in cumulative diameter was found over
a long period of 600 years using the 3 crown
-based models.

The three crown models suggest that a
sugar maple tree under minimal competition



would reach a dbh of approximately 60 cm in
200 years (Fig. 4). The implied mean radial
increment is 1.5 mm per year, which is con-
sistent with observed growth rates of domi-
nant trees (Strong et al., 1995; Singer and
Lorimer, 1997).

DISCUSSION

The three alternative crown-based models
(Additive linear model, Modified Chapman-
Richards, Modified STEMS) showed little
difference in predictive accuracy, either in
relation to precision of short-term forecasts
(judged by root mean square error of valida-
tion tests) or long-term projections. Thus
all three crown-based models appear equally
suitable for forecasting long-term stand de-
velopment.

There was no apparent tendency for the
more complex model forms to give better re-
sults. In fact the simple additive linear model
generally had lower measures of error and
higher modelling efficiency than the modified
Chapman-Richards or modified STEMS mod-
els. While the Chapman-Richards function
was specifically designed to model sigmoid
growth patterns, no tendency toward sigmoid
diameter growth was observed over the nor-
mal 300-400 year life span for these species.
Cumulative diameter therefore showed only
slight curvilinear trends over a span of 400
years, trends that were handled equally well
by all three models. And while the two-step
process in STEMS of modelling potential
and realized growth may have some benefits
in parameter estimation, no practical benefits
in increased precision or modelling efficien-
cy were evident in this study, nor did the
STEMS model constrain maximum tree size
more effectively than the simple additive
linear model.

The tendency of long-term simulations to
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show progressive divergence of observed vs
predicted values, known as "error propaga-
tion", is frequently a concern among modelers
(Oster, 1981; Peters, 1991). This concem is
relevant to forest simulation as well, since
the predicted values (growth increment) in
one iteration is added to the independent vari-
able in the next iteration, and a simulation
run may involve more than 200 iterations.
Although it was not possible to quantify the
actual prediction error over a period of sev-
eral hundred years, it was evident from the
results of this study that a growth model
based on short-term growth measurements
can provide reasonable estimates of cumula-
tive diameter over a period of 300 years. The
simulated mean dbh and mean radial incre-
ment of dominant-codominant trees is close
to the long-term dbh-age trends in the data
set and agrees well with other independent
regional estimates (Strong et al., 1995; Lori-
mer and Frelich, 1998).
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Comparative Study on the Precision Degree
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ABSTRACTS

The objective of this study is to find a precise and economic stocking inventory method
among four sampling methods (random sampling, line plot sampling, lattice plot sampling,
and sub-sampling) by the comparison and of process and precision on the basis complete
enumeration method.
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The study was carried out in a deciduous forest which is 30ha area and located in Hong-

chon province.
The conclusions are follows ;

1. Variation coefficient in stocking of the forest was 29.0%
regarded to be stocked homogeneously.

. This forest, therefore, is

2. Line plot sampling was the most precise method in estimating total volume and number
of trees of which the errors of estimation were 10.98% and 12.43%, respectively.

3. In inventory process time,

line plot sampling took only 18.20% of the time required in

complete enumeration method. It was a little longer than that in sub-sampling which
was 15.3% of that in complete enumeration method.
4. The sampling methods required only about one-fifth to complete enumeration method in
" process time, so that they would be considered as effective statistical inventory methods.
5. In the survey, significant difference between population and 32 sampling points was
not shown, and also there was no significant difference between population and 4

sampling methods.

6. Regarding the results collectively, sub-sampling was shorter in process time than other

sampling methods,
hand,

but its error in estimation was too large to accept. On the other
line-plot sampling showed short process time and high precision in volume

estimation, and moreover, it was simple and convenient to inventory with this method.
Therefore, systematic sampling with line-plot method would be superior in stocking

inventory of mountainous forests in Korea.

Key words : Random sampling, Line plot sampling, Lattice sampling, Sub-sampling, Enu-

meration sampling
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Table 1. Various data surveyed and calculated values on sample plots.

Plot Average Average  Number Stand Plot Average Average Number Stand
O stand height stand diameter of volume O stand height stand diameter of volume
N N
O (m) (cm) trees () : m (cm) trees (m®)
1 11.8 24.0 70 12,652 21 14.2 14.8 39 9,504
2 11.9 22.8 75 11,013 22 13.4 18.4 71 8,823
3 12.0 22.8 45 7,818 23 16.4 16.4 51 13,938
4 12.1 22.6 48 13,391 24 10.6 22.0 46 13,165
5 12.5 24.8 60 17,824 25 12.2 26.2 58 13,926
6 11.9 22.2 54 15,287 26 10.4 28.4 41 11,045
7 11.4 18.4 57 17,165 27 9.6 16.4 51 11,785
8 12.5 16.4 50 15,115 28 10.2 22.6 43 13,264
9 10.8 20.8 50 10,645 29 11.4 18.6 49 12,892
10 10.3 18.4 53 14,694 30 12.6 16.4 59 7,497
11 12.5 20.2 29 8,382 31 10.4 14.8 42 12,328
12 12.0 18.4 43 15,433 32 9.8 20.4 30 7,696
13 11.0 20.6 42 5,392 3 8.4 14.2 80 9,769
14 11.4 18.4 29 9,534 34 8.6 16.4 34 9,598
15 12.4 14.8 27 8,558 35 9.2 14.2 32 7,835
16 10.2 16.8 43 11,571 36 9.0 18.6 65 7,196
17 8.8 20.4 50 7,518 37 9.6 20.2 48 8,951
18 9.8 22.6 42 8.812 38 9.8 20.2 38 9,799
19 8.4 26.4 42 13,698 39 11.8 22.6 62 10,736
20 12.4 24.6 43 10,834 40 12.0 24.0 32 20,779




Table 2. Height of trees estimated by height
curve equation.

D-B-H Height | D-B-H Height
6 7.2 30 16.7
8 8.4 32 17.4
10 9.5 34 17.9
12 10.4 36 18.5
14 11.3 38 19.0
16 12.1 40 19.5
18 12.9 42 20.0
20 13.6 44 20.5

- 22 14.3 46 21.0

24 14.9 48 21.5
26 15.6 50 219
28 16.2 52 22.4

2 o

20— it =

&

3
|
|

Average Stand Diameter(cm)

I

o

5 10 15 20
Average Stand Height(m)

= Actual value oo Estimated curve

Fig. 2. Data plotting between average stand
height and average stand diameter for
estimated height curve.
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Table 3. List on number of trees and stand vol-
ume of the sample plots by random

sampling.
Plot Number Stand | Plot Number Stand
No of trees volume | No of trees volume
5 31 4.351 | 68 12 3.788
7 58 8.172 | 70 17 2.610
9 49 9.469 | 73 35 7.353
20 20 7.810 | 76 24 3.358
21 25 7.202 | 77 21 7.031
27 26 11.266 | 82 22 7.100
35 28 9.206 | 83 28 4.579
43 28 8.411 | &4 36 5.828
47 26 9.993 | 92 10 4.641
51 39 3.583 | 96 23 4.298
54 15 2.150 | 99 31 5.094
55 25 6.905 | 106 17 4.942
62 30 11.493 | 116 18 3.932
64 40 5.145 | 117 18 4.452
65 11 1.628 | 126 88 5.088
66 5 0.500 | 128 35 4.432

Table 4. List on number of trees and stand vol-
ume of the sample plots by line plot

sampling.
Plot Number Stand | Plot Number Stand
No of trees volume| No of trees volume
1 14 5.292 | 17 28 7.427
2 22 3.565 | 18 25 3.481
3 24 7.169 | 19 21 6.527
4 24 6.355 | 20 39 3.318
5 33 9.975 | 21 32 5.996
6 19 7.261 | 22 52 6.045
7 18 4.733 | 23 31 4.729
8 35 3.853 | 24 27 5.553
9 21 3.758 | 25 29 6.449
10 28 3.515 | 26 45 8.433
11 32 6.470 | 27 21 7.384
12 21 3.184 | 28 21 7.957
13 21 10.050 | 29 28 4.780
14 27 10.184 | 30 29 4.959
15 15 6.056 | 31 22 11.563
16 17 5.801 | 32 19 4.891
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Table 5. List on number of trees and stand
volume of the sample plots by lattice
sampling.

Plot Number Stand | Plot Number Stand
No of trees volume| No of trees volume
1 24 4.247 | 17 21 6.253
2 43 8.340 | 18 30 3.829
3 34 7.585 | 19 26 2.865
4 25 12.086 | 20 28 4.162
5 24 7.216 | 21 23 7.291
6 29 5.459 | 22 41 8.093
7 34 7.601 | 23 19 5.123
8 27 3.226 | 24 60 9.740
9 24 4.193 | 25 23 4.267
10 28 3.940 | 26 33 9.286
11 45 5.965 | 27 32 5.925
12 49 5.598 | 28 11 2.355
13 19 3.683 | 29 24 4.788
14 32 7.418 | 30 20 3.686
15 24 2.927 | 31 20 9.678
16 20 5.743 | 32 30 3.707
25 st AAE TEFE A

307h&elH, EAMHAN FEo HIY
T 2%, TIEAAL 229.52Tm', B
& 7.651m' 2 Yetstti(Table 6).

0 Jg B
de o 4y o
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Table 6. List on number of trees and stand
volume of the sample plots by sub-
sampling.

GIHA BEAHE kR o] A el Bl B

s2T % ARFA 23
ZAPEEE R Plot 259 AXE Fotn =

At A A 30hadl Eok AR FH
Ao} 3 a&-E Table 7, 83 Zth.

Table 7. Estimation of total number of trees.

Plot Number Stand | Plot Number Stand

No of trees volume| No  of trees volume
1-3-7 21 7.333 |3-6-4 44 8.135
1-3-5 28 5.423 | 3-6-8 32 6.711
1-3-1 21 3.947 | 3-6-7 33 6.279
1-4-2 30 7.538 | 4-2-1 26 9.476
1-4-8 38 6.411 | 4-2-7 24 9.086
1-4-7 25 5.757 | 4-2-8 33 5.307
2-3-9 30 8.714 1 4-6-3 40 9.368
2-3-5 26 6.372 | 4-6-9 68 8.386
2-3-1 32 7.775 1 4-6-8 61 7.084
2-4-3 30 10.576 | 5-3-4 33 12.111
2-4-1 22 9.613 | 5-3-6 37 7.526
2-4-8 19 3.466 | 5-3-7 19 5.921
3-1-7 30 11.469 |5-5-2 48 9.442
3-1-8 24 6.286 | 5-5-1 34 5.917
3-1-6 26 6.795 | 5-5-3 30  11.303

Classification| Total number error

Methods of trees (%)

Ramdom sampling 13.171£2.538  19.27"
Line plot sampling | 13.984+1.535 10.98"
Lattice sampling 14.406=1.746  12.12"
Sub-sampling 16.133+1.905 11.81™

13.782

to.05 (d.f=30)=2.042
to.n (d.f=30)=2.750

Enumeration of all trees

** . Significant at 1%
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Table 8. Estimation of total stand volume.

Classification
Methods volume

Ramdom sampling  |2,936.55+469.66 15.99™
Line plot sampling |3,073.64+382.16 12.43"
Lattice sampling 2,911.89+415.61 14.27"
Sub-sampling 3,837.05£636.33 16.58"
Enumeration of all trees|3,385.62

** : Significant at 1% to.0s (d.f=30)=2.042
to.nn (d.f=30)=2.750

Total stand
error

Table 8o A8} o] z+ whde] x4
o BT BXAX S 7| EXZE sto] BY,
AEEAREo] -311.98m*3t 2 3}el7} 74 AQY
1, dedoFEol -449.07Tm, HAEE
o] +451.43m', ZAxEFZWol -473.73m’¢]
£o2 Uyt FFoaAex AXEYHo
12.43% 2 713 AAQ 3, AAYFEHo] 14.27
%, TEdeFE2yol 15.99%, Aol
16.58%< €22 Yeg AFEHYo] F3
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Table 9. Time requirement by procedure.
Classification Survey Establishment Plot Total
Methods of line of plot survey =a
hr min hr min hr min hr min
Ramdom sampling 3 2 15 1 : 59 1 : 57 7 = 13
Line plot sampling 3 : 28 1 : 51 1 57 7 : 16
Lattice sampling 3 40 2 v 22 1 52 7 : o
Sub-sampling 2 1 54 2 04 1 09 6 : 07
Enumeration of all trees 39 : 54

Table 10. Comparison with each plot sampling methods.

Methods Random Line plot Lattice T —— Enumeration
Classification sampling sampling sampling ping sampling
Estimation 13 17749 508 13,984+1,535  14,406+1,746 - 16,133t1,905 13,782
Number 1o- of trees
of trees  Egtimated %
error 19.27 10.98 12.12 11.81
Estimation m
Stand of volume  2,936.55%469.66 3,073.641382.46 2,911.89%415.61 3,837.05+636.33  3,385.62
volume  Egtimated %
error 15.99 12.43 14.27 16.58
. hr  min
Required hours 7: 13 716 T 5 6 : 07 9 : 51
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A Study of Stand Structure and Growth
on Pinus koraiensis Plantations’
Jung-Kee Choi® - In-Hwa Choi®
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ABSTRACT

We investigated the process of stand structure and growth for Pinwus korariensis plantations
which had 6 continuous inventory data in permanent experimental plots during 1981-1997.
Various size distributions (diameter distribution, height distribution, and crown diameter
distribution) were made at each inventory year. They had typically normal distribution of an
even-aged stand. The more stand age increased, the more the diameter distribution gradually
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spread out a wide bell-shape with less density of trees. The height distribution shifted clearly
to the right due to fast height growth. The crown diameter distribution also followed a normal
distribution in which crown diameter had narrow and overlapped width because of irregular
growth and crown closure. Natural mortality was also investigated during 10-17 of stand
age. Its annual mortality rate was less than 0.5%. As crown closure increased densely in
the stand, the rate of natural mortality increased.

In the process of crown development, the long-width and short-width of crown diameter
showed no difference when crowns of trees were not overlapped in the early stage, so the
crown shape was symmetric. However, as crown closure increased more and more in the
stand over time, the width of crown became to asymmetric. Crown competition factor, a

criterion of stand crown closure using total crown area, approached 124 at stand age 20. The
maximum of the crown competition factor was 234 at stand age 20. Crown diameter had high
correlation with diameter at breast height(r=0.75-0.88). The crown competition factor or other
crown-based variables could be used as a criterion for future thinning time and intensity.
The means of stem diameter, height, and crown diameter increased linearly with stand age.
Average periodic annual growth was investigated as (.74cm/yr of diameter growth, 52.4cm/yr
of height growth, and 21.3cm/yr of crown growth. When the lIst thinning was carried out
with 21% removal of total trees at stand age 20, the thinning increased height growth, but
it decreased diameter growth and crown diameter had negative growth instead.

Key words - Stand structure, Stand growth, Size distribution, Pinus kovaiensis
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Table 1. General description of permanent experimental plots

=
=2
283 s X

>,
o
lo,
i,

BA, cmd)e
FnEd 9 Zold oM A=A, A=
295 (R

*P%Z}%Z/\} 2%, 199%) s 4=

_]

=
.2

)

oz

o
oft ”
<t

. Plantation Total trees Altitude Slope Site
Plot Plot size — (N/0.25ha) Aspect i) (*) s
I 0.25 ha (50m *50m) 1972 690 N33" E 420 24.0 14
II  0.25 ha (50mx50m) 1976 546 NI10® E 470 12.5 14
Table 2. Stand characteristics during 1981-1997.
81 84 88 91* 94 97
Average DBH (cm) 2.6 5.3 8.0 10.6 13.3 15.5
Average Height (m) %3 3.7 5.1 6.8 9.4 10.8
Average Crown diameter (m) 1.5 2.4 2.6 3.4 3.2 4.0
Basal area (m’/ha) 1.5 6.3 14.0 22.8 25.0 32.6
19.8)
Volume (m®/ha) 2.4 14.0 41.7 90.7 125.9  188.2
(80.1)
Total crown area (m’/ha) 4,965 12,568 14,405 23,411 14,994 22,343
(20,033)
Live trees (trees/ha) 2,472 2,460 2,432 (2,280) 1,658 1,600
1,536
Dead trees (trees/ha) 0 12 28 152 30 58
Cut trees (trees/ha) 0 0 0 (592) 0 0
% of dead trees for period 0.0 0.5 1.1 5.3 1.8 3.6
Age 10 13 17 20 23 26

* thinning year.

The values after thinning are shown in parentheses.
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Fig. 1. Change of DBH distribution(A), height
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tribution(C) during 1981-1997.
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Table 3. Periodic annual growth for continuous
inventory data

81-84 84-83 88-91 91-94 94-97

DBH growth (cm/yr) 0.9 0.7 0.9 0.5 0.7

Height growth (cm/yr) 46.7 35.0 56.7 76.7 46.7

Crown diameter growth 23.3 5.0 26.7 -6.7 26.7
(cm/yr)

Basal area growth 1.6 1.9 2.9 1.7 25
(m’/ha/yr)

Volume growth 3.9 6.9 164 15.3 20.8
(m’/ha/yr)

Total crown area growth 2,534 612 3,002 -1,679 2,450
(*/ha)
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A Study on Structure and Density of
Natural Quercus variabilis Stand in Sangju Area’
Dong-Geun Kim? - Kwan-Ho Bae® - Dong-Sup Lee?
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ABSTRACT

This study was carried out to understand the structure and density characteristic of natural
Quercus variabilis stand in Sangju area, which will provide with fundamental ecological and
silvicultural information for effective stand management. For that, relevant factors, such as
D.B.H., Height, trees/ha, and individuals of woody plant species from 36 sample plots(10m
X 10m)of natural Quercus variabilis stand were estimated.

The IV(Importance Values) of Quercus species showed 289.54 at the tree layer. Quercus
variabilis was 253.67. It is thought that these species are the major tree species of Quercus
variabilis community. The IV of Quercus variabilis was 187.66 at the subtree layer. At this
layer Pinus densiflora was showed 44.52. It means that dominance species changed from
Pinus densiflora to Q. variabilis.

In frequency distribution diagram of diameter classes of major tree species consisting of
Quercus variabilis community, those of both Quercus variabilis and Quercus spp.(Q serrata,
Q. aliena, Q. mongolica) showed reverse J-shaped types. From these results, it is estimated
that Q. variabilis and Q. spp. which are scattered in €. wvariabilis community might be

' 24 1998 112 ¥ Received on November, 1998
2 gz=v)atm A= 83} Department of Forest Resources, 386 Gangjang-Dong Sangju National University,

Kyungbuk 742-711, Korea

- 36 -



maintained continuously.

azya2ARA 1), 198 37

And to make the diagram of stand density successfully from the stand density equations
of natural Quercus variabilis stand by mean overlay height and relative density index.

Key words : stand structurve, stand density, Quercus variabilis
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Table 1. Ecological measurement for Quercus variabilis stand in Sangju area.

Stratification Species RD RF FC v
Quercus variabilis 093.25 65.71 94.70 253.67
Quercus mongolica 1.59 11.43 1.86 14.88
Quercus aliena 0.79 5.71 0.61 7.12
%ercus acutissima (1)% %gg (l)g?; ggg

ercus serrata , J . 5

Tree laver  Biyus’ densiflora 0.40 9.86 0.28 3.53
Prunus leveilleana 0.40 2.86 0.21 3.46
Maackia amurensis 0.40 2.86 0.21 3.46
Quercus dentata 0.40 2.86 0.15 3.40

100.00 100.00 100.00 300.00
Quercus variabilis 74.10 45.10 68.46 187.66
Pinus densiflora 8.63 15.69 20.20 44.52
Quercus serrata 4.32 7.84 2.65 14.81
Rhus trichocarpa 2.16 3.92 1.11 7.19
Fraxinus rhynchophylia 1.44 3.92 1.41 6.77
Quercus aliena 1.44 3.92 1.11 6.47
Quercus mongolica 1.44 3:92 0.86 6.22
Subtree layer  Quercus acutissima 1.44 3.92 0.86 6.22
Acer pseude-sieboldianum 1.44 1.96 0.88 4.28
Prunus leveilleana 0.72 1.96 0.68 3.36
Zelkova servata 0.72 1.96 0.68 3.36
Platycarya strobilacea 0.72 1.96 0.43 3.11
Alnus hirsuta 0.72 1.96 0.43 3.11
Quercus dentata 0.72 1.96 0.24 2.92
100.00 100.00 100.00 300.00
Quercus variabilis 18.59 11.41 22.56 52.56
Rhododendron mucronulatum 19.05 5.98 8.48 33.51
Quercus serrata 10.40 7.61 8.60 26.61
Lindera obtusiloba 9.29 7.07 8.88 25.24
Quercus aliena 6.55 6.52 6.38 19.45
Lespedeza bicolor 6.90 6.52 1.81 15.23
Rhus trichocarpa 2.10 2.72 8.69 13.51
Fraxinus sieboldiana 4.97 3.80 3.13 11.90
Robinia pseudoacacia 2.45 1.63 5.99 10.08
Juniperus rigida 0.99 3.80 5.03 9.83
Quercus mongolica 1.34 2:12 4.93 8.99
Styrax japonica 1.46 217 3.83 7.47
Swmilax china 1.34 4.89 0.15 6.39
Stephanandra incisa 2.49 3.81 0.57 6.23
Rosa multiflora 1.11 3.80 1.25 6.16
Lespedeza robusta 3.92 1.09 0.78 5.78
Quercus dentata 0.47 3.26 0.54 4.27
Fraxinus rhynchophylla 0.18 1.09 1.93 3.19
Rhododendron sgh;;ppenbachiz' (1)%7 %83 0%2 3.02
Acer pseude-sieboldianum .23 .09 1.6 2.9

Shrub laver o, 5 leveilleana 0.35 1.63 0.9 2.93
Zelkova serrata 0.47 2: 10 0.07 2.71
Callicarpa japonica 0.64 1.63 0.15 2.42
Elaeagnus umbellata 0.06 0.54 1.70 2.30
Euonymus alatus 0.47 1.63 0.08 2.18
Lindera glauca 0.47 1.63 0.05 2.15
Pinus densiflora 0.12 0.54 0.85 1.51
Ligustrum obtusifolium 0.99 1.63 0.21 2.83
Zanthoxylum piperitum 0.18 1.09 0.02 1.28
Lindera erythrocarpa 0.06 0.54 0.24 0.84
Celastrus otbiculatus 0.23 0.54 0.03 0.81
Corylus heterophylla var. thunbergii 0.18 0.54 0.08 0.80
Rubus crataegifolius 0.18 0.54 0.02 0.74
Acer mono 0.18 0.54 0.02 0.74
Evonymus alatus for. ciliato-dentatus 0.12 0.54 0.05 0.71
Akebia quinata 0.12 0.54 0.01 0.67
Viburnum erosum 0.12 0.54 0.01 0.67
Pueraria thunbergiana 0.12 0.54 0.01 0.67
Viburnum carlesii 0.06 0.5 0.63

4 0.03
100.00 100.00 100.00 300.00
RD : relative density RF : relative frequency RC : relative coverage based on basal area IV : importance value
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Table 2. Maximum density equations by mean overlay height of Quercus variabilis stand in Sangju

area.

Meaﬁ‘neic;}/lirlay Maximum density equation &iinmesggr)l Trees/ha
10m~14m Inv=7.4445—1.4072Inp (F¥=0.95, DW=2.17)** 0.0550 1,560
(6.504)**(-9.048)**
14m~18m Inw = 5.3452—1.0046 Inp (R°=0.87, DW=1.16)** 0.1515 1,320
(5.867)**(-7.980)**
18m~22m Inv=3.7890—0.7867Inp (F*=0.91, DW=2.16)** 0.1844 1,060

(4.384)**(-6.371)**

v=mean stem volume, p=trees/ha,

* %

=significant at 1%, * =significant at 5%
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Table 3. Relative density equations by mean overlay height of Quercus variabilis stand in Sangju area.

Mean overlay Relative density . . . Applied
height index Relative: density equation density(trees/ha)
0.9 Inv = "T7.2977T—1.4072Inp 1,404
10m~14m 0.8 Inv="17.1319—1.4072Inp 1,248
0.7 Inv = 6.9440—1.4072Inp 1,092
0.9 Inv =5.2254—1.0046Inp 1,188
14m~18m 0.8 Inv = 5.1072—1.0046 Inp 1,056
0.7 Inv = 4.9731—1.0046Inp 924
0.9 Inv = 3.7074—0.7867Inp 954
18m~22m 0.8 Inv = 3.6147—0.7867Inp 848
0.7 Inv = 3.5096—0.7867Inp 742
0.3
_ 0.25 LAY EIMAlYl =X
é 0.2 %}—E—%Ex] L ojugt FFPA A sFRSE
2015 | JE ARIYLLEES 1.022 33 ol e
s 04 MEgE Yy BAYRUYEALE TE
® 005 o} ZAA 4 FEREE AR o A
0 RYLDEZHY gstel FRREIHY
500 1,000 1,500 2,000 o = =103
Density(trees/ha) = T%_O}M‘?}(Table 3, Fig. 3).
@ oJeig AEE5n BAYRLEAFY o
PUEIHEY A4e FFAG DT BE
3l JE FAUFAEA st A AA™
3 2&3 A 5 ddAGe A o sA 7]
E
2 ZA8E ATE A2 AZAHY, dozr A
9, 328 = A - ¢ TaPE= A7)
t o Bo] Fd=ojxol & ZAor HzdT
400 800 1,200 1,600 4 =2
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®) A2, FPAUAY 2AE ZuD WA
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Monitoring the Land Use Type and Forest Vegetation
Changes Using Aerial Photograph and GIS'*
Kee-Hyun CHUNG? - Woo-Kyun LEE? - Woo-Beum SHIM®

= of
2 AT3E 19744, 1980, 1992idel Zrzr &d" 1:15,000%3 9 FZAR S o] &3 ABA
A 7Yoo Arx FFFo YA F 500haB A o] x| e] EXo] &3] © UYAate]
1S ZTUEHs7] Qs FREUT. FFAA S FESe] EXo] & 2 dAS FTERIIFS
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ABSTRACT

In this study, land use type and forest vegetation changes in about 500ha mountain area
located in Kwangjugun, Kyonggi Province, Korea were monitored with help of landscape-
ecological approach using aerial photographs taken with scale 1 :15,000 in 1974, 1980, 1992
and GIS tools. Land use and forest type of each year were classified through interpreting
the aerial photographs and were transferred to the topographical map with 1 :5,000 scale.
Maps of each year were scanned, vectorized using cadcore and digitalized with Arc/Info.
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Corresponding attribute data consist of land use and forest type, age class and crown closure
were prepared also using Arc/Info. To analyze the natural reforestation processes in marginal
agricultural land where was once a rice fields with wet soil, terrestrial inventories were
performed in these reforested marginal land and neighbor forests. Vegetation structures were
analyzed from the importance value and the diversity index of each species measured.
Agricultural land area decreased from 21% in 1974 to 17% in 1992 while forests area increased
from 79% in 1974 to 81% in 1992, respectively. Wild grassland area resulted from marginal
agricultural land increased from 0.08% in 1974 to 0.53% in 1992. This wild grassland is
expected to be forested with time. Crown closure improved significantly. Sparse stands
decreased drastically from 31% in 1974 to 5% in 1992 while dense stands increased from 36%
in 1974 to 68% in 1992, respectively. Vegetation structure in reforested marginal land stairs-
styled, flat and wet was different from that of neighbor forests. In neighbor forests, Quercus
mongolica, Q. variabilis, Q. dentata, Pruwnus savgentii and Fraxinus rhynchophylla appeared
dominantly. In contrast, Acer ginnala, Salix koveensis and S. glandulosa were listed as the
dominant species in reforested marginal land, where A. ginnala was dominant understory
species and S. koreensis, S. glandulosa were major overstory species. In this case, vegetation
characteristics of reforested marginal land were not influenced by vegetation of neighbor
forests.

Key words : land use changes, forest vegetation changes, landscape ecology, vegetation structures,
mmportance value, diversity index, tervestrial inventories, aervial photographs, GIS
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PL japanese larch Vi over age class_6
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Fig. 2. Terrestrial inventory plots in forested land and reforested marginal land.
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Table 2. Importance value of surveyed stands.
Forested land(S) Reforested marginal land(R) Forested land(N)

Sgeoggs Species over |mid-under| mortality| ALL | over |mid-under|mortality| ALL | over |mid-under|mortalityl ALL

11 | Pinus densiflora 7.18 2.911 5.91 4.10

13 | Larix leptolepis

23 | Quercus variabilis 5.05 2.8

24 | Quercus mongolica 8.75 4.57

25 | Quercus dentata

35 | Prunus sargentii 6.331 17.27 {18.09 | 14.30

41 | Fraxinus rhynchophylla 11.92§ 19.67 {12.47 | 11.80

49 | Rhus verniciflua 7.86 4.75 5.81 2.63

5 | Acer ginnala 7.1 3.87

60 | Salix koreensis

71 | Sorbus alnifolia 5.26] 5.45 4.49 8.29 3.64

72 | Castanea crenata 5.48 2.93

T | Alnus hirsuta 4.46 3.03

86 | Cornus controversa 3.70

87 | Salix glandulosa 5.26 | 8.09 {17.80
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Table 3. Diversity index of surveyed stands.

Diversity index

S Shannon Simpson
g0l 1.0720  0.3846
g012  1.2416  0.2900

Zﬁs}f:i lzﬁie) g013  1.2512  0.2583
g0l4  1.4525  0.25%
mean 1.2543  0.2964
g021  0.609  0.7098
g022  0.8416  0.5312

izfr‘;r::f ?an . 023 0.8%02  0.43%
2024 1.5111  0.2167
mean  0.9606  0.4728
€031 1.0408  0.4083
032 0.0000  1.0000

Z‘:ﬁit:i 2’;‘;) g033  0.4101  0.7363
g034  0.8548  0.5294
mean  0.5764  0.6685
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Table 4. Total survey area, number of measured trees, mortality in surveyed stands.

Area No. of No. of Mortality

(m*) standing trees dead trees (%)
Forested land(S) 67.20 74 1 1.35
Reforested marginal land(R) 56.08 117 30 25.64
Forested land(N) 138.93 58 12 20.69
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Development of a Canopy Projection Model(CPM),
Considering Influences of Temporal and Spatial Factors'*
Chul-Chul Songz, Woo-Kyun Lee’ and Dong-Jun Chung’

D¢ JREIRDL AeHnA FRIAG. T4,
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A R BTARS WE 1
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ggoz REAZS g8 2UAAI Aold 9 A4 BEEAEE NS gelsE 127
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BEG o] AAR Azt D AR WS AN YA
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ABSTRACT

This study was performed to develop a canopy projection model, considering influences
of temporal and spatial factors. First of all, a geometric model was designed to estimate
canopy projection surface with several independent variables such as temporal and spatial
factors, and a computer program was developed for the model.

In order to test the model performance, in each 9 virtual sample plots with different spa-
tial characteristics, canopy projection surfaces were estimated at 12 levels of temporal fac-
tors using a simulation method. And it is tested, if the estimated canopy projection areas
are coincident with given temporal and spatial factors.

As a result, it is showed that the canopy projection model developed in this study has
high performance in projecting the crown and canopy according to the spatial and temporal
influences. This canopy projection model is expected to make useful information for the stu-
dies about the relationships between canopy projection and micro environmental changes in
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forest stands.

Key words : canopy projection model, temporal factors, spatial factors, micvo environment
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Table 1. The range definition of spatial factors for crown projection model

Spatial Factor Minimum and Maximum Limits Unit
Latitude 0° 00" 00” N < Latitude < 90° 00" 00" N i

Slope 0° < Slope < 90° 1

Azimuth 0° < Azimuth < 360° iy

Table 2. The range definition of temporal factors for crown projection model
Temporal Factor Minimum and Maximum Limits Unit
Date 1 Jan. < Date < 31 Dec. 1 day
Time 0:00 < Time < 24:00 1 minute
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Fig. 4. The height of the sun on a specified
date

2 shagel Aojgel Ak,

AT E 8¥e wesA Fn 1S
2 Jbgagon, Agase A 94
£ 3550l Gael Mk BE AAE 4
£9E% X @gith s, Table 3
A BE uish go] o BANH ol Fa
FEAA, RN HAA, FANM F2
AA, 2hn FEAH BANRAL Gt
g7 dEolth, wad 14 e Fre
2 Wro] 2 7708 23.5°9] A8 I
2 FEW VI A9 239 o g3y

o},

3652

i) QzAI W 2 B 5 Al
Wato] He Hgel w7t 4E
A7 Al o Bore PR o] EAAL
sl WHeoz U 4 o, YA
g F9ae B Wl Zol: Hel Agol
gel @sdn. Fig. 594 132 A¥de

(South)

N \

(North)
5 >

Fig. 5. The orbit changes of the sun on the
surface of the celestial sphere
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Table 3. Seasonal changes of the declination in a year

Degree Change

Interval Meaning of the Interval No. of Dates
per a day
I Winter Solstice < I < Vernal Equinox 88 0.27°
I Vemal Equinox { I < Summer Solstice 92 0.26°
m Summer Solstice < Il < Autumnal Equinox 94 0.25°
v Autumnal Equinox < IV < Winter Solstice 90 0.26°
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Fig. 6. Validation of intersection between sam-
ple plot surface and the sun's radiation
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Table 4. Spatial factors of 9 virtual sample plots for model performance test
Azimuth—31ope 0 10° 20

135°(SE) Plot 1 Plot 4 Plot 7
180°(S) Plot 2 Plot 5 Plot 8
225" (SW) Plot 3 Plot 6 Plot 9
Latitude 36° 00" 00” 37° 00" 00” 38° 00" 00”
Plot 1 Plot 3 Plot 2
Plot No. Plot 5 Plot 4 Plot 6
Plot 9 Plot 8 Plot 7

Table 5. The list of surveyed items for estimating crown shade

Category Items(Units) Descriptions
Latitude(DMS*) of the sample plot

Common Altitude(m) of the sample plot
Slope( ° ) of the sample plot
Azimuth( ° ) in the direction with the maximum Slope
XY coordinates(m) of each individual trees within the sample plot
DBH(cm) of each individual trees

Individual  Total Height(m) of each individual trees

Crown Base Height(m)
8 Crown Radii(m)

from the ground
in different direction at the height of the crown base

(* DMS : Degree Minute Second)
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Table 6. 12 levels of temporal factors for the computer simulation

Projecting Level Date Time
1 91 March 10 : BQ(Ante Me.ridiem)
2 (Vergsl Biings) 12 : 30(Meridiem)
3 14 : 30(Post Meridiem)
4 9 June 10 : 30.(a.m.)
5 (Summer Solstice) 12: 30
6 14 : 30(p.m.)
¢ 23 September 14 30
8 (Autumnal Equinox) 12:30
9 14 : 30
- 22 December 1 30
1 (Winter Solstice) 12: 30
12 14 : 30
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Table 7. Seasonal changes of canopy projection areas(unit : m?)

Date Vernal Equinox Summer Solstice Autumnal Equinox Winter Solstice
Plot No: (21 March) (22 June) (23 September) (22 December)
1 84.24 58.80 84.24 157.44
2 87.99 61.32 87.99 179.28
3 85.92 59.52 85.92 168.72
4 79.05 57.68 79.05 137.48
5 74.55 55.87 74.55 122.76
6 80.57 58.43 80.57 142.33
7 73.95 55.97 73.95 120.53
8 67.48 53.55 67.48 99.51
9 71.65 54.56 71.65 113.92
Total 78.38 57.30 78.38 138.00

Table 8. Daily changes of canopy projection
areas(unit : m°)

. Ante sy Post
m Meridiem Nﬁg%lg)m Meridiem

’ (10:30) (14:30)

1 104.76 90.96 104.76

2 115.44 97.71 115.44

3 110.04 94.08 110.04

4 87.56 83.63 103.03
5 87.51 78.23 87.51
6 106.24 85.36 89.73

T 75.01 75.72 99.72

8 76.21 68.16 76.21
9 94.75 72.79 72.60
Total 95.28 82.96 95.45
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Table 9. Changes of canopy projection areas at different latitude levels(unit : m%)

Latitude
36° 00" 00” 37° 00" 00” 38° 00 00”

Plot Canopy Plot Canopy Plot Canopy
No. Projection Area No. Projection Area No. Projection Area

1 100.16 3 104.72 2 109.53

5 84.42 4 91.40 6 93.78

9 80.04 8 73.53 7 83.48
Total 88.21 Total 89.88 Total 95.60
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Table 10. Changes of canopy projection areas at different slope levels(unit : mz)

Slope
0° 20°
Plot Canopy " Plot Canopy Plot Canopy
No. Projection Area No. Projection Area No. Projection Area
1 100.16 4 91.40 7 83.48
2 109.53 5 84.42 8 73.53
3 104.72 6 93.78 9 80.04
Total 104.80 Total 89.87 Total 79.02
Table 11. Changes of canopy projection areas at different azimuth levels(unit : m?)
Azimuth
135° (SE) 180° (S) 225" (SW)
Plot Canopy Plot Canopy Plot Canopy
No. Projection Area No. Projection Area No. Projection Area
1 100.16 2 109.53 3 104.72
4 91.40 5 84.42 6 93.78
7 83.48 8 73.53 9 80.04
Total 91.68 Total 89.16 Total 92.85
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Bark Thickness and Bark Percent of

; a . . 1
Pinus densiflora in Kangwon Province
Yeong-Mo Son?, Kyeong-Hak Lee?, Young-Gyo Chung2 and Woo-Kyun Lee’

2 %

2 AFEe ZE=AEEYTd A F354 2 F£3&S FH37] Ast] FAHAT. o8
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ABSTRACT

This study was carried out to estimate the bark thickness and bark percent of Pinus
densiflora in Kangwon province. The sample data were surveyed in Kangwon and Kyeong-
buk province. From the sample trees, dbh, height and diameter by cross section height etc
were measured. As cross section height were high, the trend of bark width had decreased
step by step. The variation of bark thickness by cross section height had showed high in
below cross section height. As cross section height were high, the variation of bark thick-
ness had decreased, and it had showed to similar in (.25 of relative height or more. In
consideration of bark thickness, bark thickness estimation equation was estimated with dbh,

! A4 1998 122 112 Received on December 11, 1998
2 1339 Forest Research Institute, Seoul, 130-012 Korea(pine2lc@unitel. co.kr)
® meigigtw A& A8 3 Dept. of Forest Resources, Korea University, Seoul, 136-701 Korea

(leewk@kuccnx . korea.ac.kr)
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height and diameter by cross section. It had showed very significent in fitness and relia-
bility of estimation coefficent. Bark volume by estimation equation had calculated at the rare
of volume outside bark and dbh. Bark volume percent of volume outside bark had showed
high to 20% level under 0.1m’ of volume and approximately 10% in 0.2m' of volume. Bark
percent had showed approximately 8 - 10% in 0.2m' of volume or more. Bark volume percent
from dbh had showed within the range of 18 - 8% by dbh class, and it had showed approx-
imately 18% in dbh class 6cm. With the increase of dbh class, bark volume percent had
decreased quickly and approximately 10% in 22cm of dbh class. Subsequently, bark volume
percent had showed approxitely 8 - 10%.

Key words : Bark volume, Bark thickness, Bark percent.
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Table 1. Number and characteristics of the sample trees

Height(m) DBH(cm) Age
No. of trees = : :
Mean Min. Max. Mean Min. Max. Mean Min. Max.
300 13.5 7.4 22.0 16.4 7.2 39.5 29 15 76
6.0 I
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Fig. 1. Observed and estimated values of bark
thickness plotted over relative heights.
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Table 2. Parameter estimates using nonlinear regression analysis(PROC NLIN in SAS) and their
statistical test of bark-thickness function (1)

Parameter Estimate P’Ia‘lri?rzeg(r; 0 Prob) |T| R? MSE
17} 0.13261 6.8779269 0.0001
@ 0.41548 6.8581605 0.0001
b 0.41046 10.5941829 0.0001 0.777 0.397
b 0.64784 20.4757634 0.0001
G 11.10356 24.7673086 0.0001

Bark thickness(cm)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
rel. Height
Fig. 2. Bark thickness by dbh class and rela-
tive stem height.
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Fig. 3. Bark volume and bark percent for vol-

ume outside bark. Bark volume I and
bark percent are from this study and
bark volume I is from Lee(1982).
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Table 3. Bark percent by DBH in this study, Kim et a/.(1967) and Lee(1982)
DBH(cm)
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
This study 18.1 16.4 15.0 13.9 12.9 12.1 11.4 10.8 10.4 10.0 9.6 9.3 9.0 8.8 8.5 8.2 8.0

Kim et al.

9.5 9.4 9.2 9.0 8.9 8.7 8.5 83 8.1 8.078 7.6 7.4 7.3 7.1 7.0 6.7

Lee 17.2 15.013.512.3 11.510.7 10.1 9.6 9.2 8.8 8.5 8.2 7.9 7.7 7.5 7.3 7.2
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ABSTRACT

This study was carried out to find the suitability through estimating forest viewscape
development in application of the forest resources management by GIS(Geographic Informa-
tion System) centering around the eastern part of Mt. Chiri, and estimation factors calcu-
lated with an IDRISI were consisted of 12 factors analyzed by computer simulation. The
results obtained are summarized as follows :

1. In forest viewscape assessment the highest value was between 345 and 350 of the prob-
able maximum value 396. It was occurred at five positions, (51, 100), (47, 44), (39,
34), (55, 37), and (74, 63), but satisfactory area size. We obtained the suitability of
forest viewscape by grouping grid cells estimated with relative score such as category
values and factor weights ; as the best suitable sites 3.00ha(more than 86% of the prob-
able maxium value), suitable sites 58.75ha(81~85%), marginal sites 1,544.00ha(66~
80%), and unsuitable sites 1,622.00ha(less than 65%).

2. The best suitable sites of forest viewscape reclassified above were discriminated about
four groups with their satisfied area and locations ; the first group was situated from the
elevation of 700m above sea level to 950m in the southeast of Muchechigi falls, the
second was located below Changdan control office(657m) in Gyeongsang Nat'l, Univ.'s
experimental forest and the cells of this site were centered at the elevation of 620m, the
third was distributed at Paggatchangdan(about 500m). The last was located around An-
naewon at the elevation of 700m away from the others and showed smaller area than any
other groups in its scale. Among these four groups the last was only situated on the
exterior of Mt. Chiri national park.

3. The best suitable site was of the second group in which was distributed with mixed
stands, showed proximity to water within 200m, and also showed well aspect toward
southeast with the graceful figure of the mountain.

4. Analysis of variance with 1,282 point cells(for about 10% of the study area) chosen by
the method of stratified random sampling combining the strong geographic coverage of
the systematic scheme with the low potential for bias of the random scheme showed that
F-value(27,652.97) was significant at the 1% level of significance for differences be-
tween forest viewscape image sampled and its factor images. Multi-regression equation
estimated was given by forest viewscape estimates=211.5268 - 0.0117 * altitude - 0.0299 *
proximity to road with 4.0m width - 0.0231 * proximity to road with 1.5m - 0.0376 * prox-
imity to water - 0.0292 * slope+1.2534 * stand age—+0.9569 * crown density, which had
the coefficient of determination of 0.99***.

5. In the best four suitable sites the best observation point was located near the southeast
of the Gyeongsang Nat'l. Univ.'s experimental forest with the best visual angle and
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the largest view area toward southeast.

Key words : sustability, forest viewscape, forest resources management,

GIS, proximity,

multi-regression, stratified random sampling, observation point
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Table 2. Analysis of variance in the regression for forest viewscape

Source Degres of Sum. of Mean squares F p-value
freedom squares
Regression 7 81,683,005.65 11,669,001.00 27652.97 <0.000
Residual 1,275 538,029.68 42198
Total 1,282 82,221,035.34
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Explanation of Figure

Fig. 1. DEM reclassified by category value.

Fig. 2. Map of proximity to road of 4m width reclassified
by category value.

Fig. 3. Map of proximity to road within 1.5m width
reclassified by category value.

Fig. 4. Map of proximity to water reclassified by category
vlaue.

Fig. 5. Aspect map reclassified by category value.

Fig. 6. Slope map reclassified by category value.

Fig. 7. Forest types reclassified by weight.

Fig. 8. Origin of forest reclassified by weight.

Fig. 9. DBH reclassified by category value.

Fig. 10. Age group reclassified by category value.

Fig. 11. Crown density reclassified by category value.

Fig. 12. Forest land-use map reclassified by category
value.

Fig. 13. Suitability map analyzed by simulation program.

Fig. 14. Suitability evaluated by developing possibility in
forest.

Fig. 15. Visible range at the best suitable sites of forest
viewscape.
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Table 3. Multiple regression equation by a least-squares approac for estimation forest viewscape
using the statistical method by stratified random sampling of GIS

Variable Parameter estimate  t-value(1,275) p-value
Constant 211.5268 121.916183 <0.001
Altitude -0.0117 -3.733728 <0.001
Proximity to road with 4.0m width -0.0299 -12.746745 <0.001
Proximity to road with 1.5m width -0.0231 -4.822154 <0.001
Proximity to water -0.0376 -12.202912 <0.001
Slope -0.0292 -5.127280 <0.001
Stand age 1.2534 21.341875 <0.001
Crown density 0.9569 35.629021 <0.001
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Explanation of Figure

Fig. 16. Representation of 3-D image by DEM of the study area.
Fig. 17. Hii shading image by surface analysis from DEM.
Fig. 18. Forest viewscape suitability analyzed by MCE from 12 layers with category values and

factor weights.

Fig. 19. Site reclassification image derived from forest viewscape suitability estimated.
Fig. 20. Degree of visibility at viewpoint (54,36) on reference map.
Fig. 21. Degree of visibility at viewpoint (74,63) on reference map.
Fig. 22. Degree of visibility at viewpoint (88,72) on reference map.
Fig. 23. Degree of visibility at viewpoint (55,101) on reference map.
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