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Summary

In recent years, Japanese larch (Larix leptolepis GORD.) has been planted as principal species and their
plantation area now amounts to ca. 500,000 hectare in Hokkaido district. However, cultural practices such as
planting density, thinning schedule and final cutting age are not yet setiled because we have hat a little
experience of silviculture.

The object of this study is to develop the simulation model for stand growth of Japanese larch plantation,
based on biological observations, which can be used in testing a wide range of the forest treatments.

The stand growth model reported here is constr.ucted by incorporating three partial models on the growth of
individual trees in the stand (see Fig. 3.1). The outline of each model is as follows;

(1) Height growth model

The differences in height arnang individual trees in the stand of Japanese larch plantation increase with age
(see Fig. 2.42). Though the variations in height growth are generally affected by the factors such as planting
care, microsite variation, snow damage and genitic origen, etc., it is not possible to relate them to any variables
that can be quantified in model terms. Therefore, it has been assumed that the differences are caused by
random variation of individual trees. From the assumption following regression equation can be statistically

formed:

AHi=A i+, an. %‘—{H.-.- A +ecor—led - (2.82)

This model indicates that height increment of individual tree in the stand on the given site at aget A H,
depends on its total height at the beginning of the growth period and is simultaneously influenced by random
variation. Each symbols in Eq. (2.82) are as follows:

Hq: Mean upper.tree height, which depends on stand age and site. The upper-tree is defined as tree of
which height growth does not reduce due to suppression or damage.

DH¢ Increment of mean upper-tree height at age t (ﬁt(]:- Hﬂ:l)

IN¢.1oqe  Correlation coefficient between upper-tree heights at the end of age t- 1 and their increments at
age t. The approximate value of I' 4 _;n¢ Was estimated to be 0.30 from Fig. 2.46.

SSHQ Variance of annual increments of the upper-tree heights at age t. Their variation depends on a
normal distribution (see Fig. 2.44) and variation coefficient was estimated to be 20% from Fig. 2.47.

SSHQ Variance of the upper-tree heights at age t, which can be expressed by the recurrence formula as

follows

Ty = e F o, + 2 e Tae Pty ) - {2.79)



£, Random variable depended on normal distribution with mean=0, variance=.s SHF(;L- r ﬁa-mm) Itis
given, £, when H mean clear length of the stand and ¢ t| when H mean clear length. From above
model, heightof each tree at age t is given by
H,=H,_,+DH, .. 283

(2) Area occupancy model for individual tree

In present thesis, the area occupancy is defined as area available to a tree in the stand. The determination
of the area occupancy can be made by the mesh method the stand map is covered by the mesh with short
intervals and the tree occupying a given point is judged by maximum value in judgment factors from the point
to neighboring trees, then the area occupancy of a tree could becalculated from number of points occupied by its
tree (see Fig. 2.32-2.34 and 2.36).

The judgment factor used here is

SFu= (Ko L) CFi.

Where each symbols are as follows:

ROJ- Radius available to a tree j in terms of area occupied by an open-grown tree,

El.'-‘l =% H?'"“ e {2 ?5}

L,

CFJ- Competition factor of tree j, weighting to take into account the intensity of competition between trees,

Distance from point to tree j.

where total height of tree j is taken as weight,
CF,=H,. =+ (2.76)

Hence judgment factor is as follows . e (2.97)
SFu=H""" (2L,

An example applied the mesh method to an
unthinned, overcrowded stand of Japanese larch is shown in Fig.

2.37. The result shows that area occupancies computed by the model are proportional to crown projectional area
(see Fig. 2.37, 2.38).

(3) Allometric model between height and diameter

From meaurements of the open-grown trees of Japanese larch ranged in height from 2 to 30 meter (Table
2.1), the allometric relations were found between height and diameter, crown sizes as shown in Fig. 2.5, 2.9,
2.10 and Eq. (2.23) respectively. The results indicate that the open-grown tree maintains growing in a certain
tree form with growth stage and especially, note that relation between height above brest height (H;) and
diameter at brest height (Do) is of isometric (dD0 /D, :dHB/HB) and constant ratio of crown length (crown
length/total height) of 0.785 is keeped over all growth stage.

On the other hand, from survey for actual crowded stand it could be concluded that the live crown of
close-grown tree limited in area occupancy will recede from its base to upper stem with height growth and stem
radial growth will decrease progressively downward, and then the tree will stop growing and begin to die when
ratio of crown length reaches at 0.160, e. i. limit height H* see Fig. 2.16, 2.17, and Table 2.8).

Based on above observations, the following model can be formed for individual trees in the closed stand

. Y
%f;‘—" =Ly (1= PisatH)). (2.69)

Where subscript ij...n represents that area occupancy of the tree has been changed from S. to Sj’m’(Snac-
cording to the release by death or thinning of neighboring trees.PiJ(Em(H) shows the closing grade
defined basically by Eq. (2.28) which indicates the amount of relative reduction of crown width of the

close-grown tree to the open-grown tree at the identical growth stage in height H. Y is the

ij®n



opening coefficient defined by Eqg. (2.68) which indicates a increase of assimilation rate of the tree
according to the release by thinning of neighboring trees.

A computer simulation system for the stand growth was composed of three basic models disscused above
(see Fig. 3.2). The program for computer simulation were written by the author in Fortran IV and
named SMSGL for short.

Besides both basic data, planting interval and mean upper-tree height over age (Fig. 2.51), some additional

parameters as shown in Table 3.1 are inputted to job of the SMSGL

The SMSGL inputted above data outputs the tree arrangement of initial stand of 5 years originally (see
Table 3.2), and then simulates subsequent stand developments in the order of height growth, area occupancy and
diameter growth based on the individual trees at every years up to 30 years and at intervals of 5-year after 30
years. When thinning schedule such as time and number of released trees inputs, the SMSGL is able to
simulate stand growth under given schedule.

The efficiency of the SMSGL was examined for unthinned stands with different initial density on the sa e
site (see Table 3.3) in chapter 3 and thinned stands under the two kinds of thinning schedules on the three site
classes (see Table 4.2) in chapter 4 respectively.

Simulated results proved that the SMSGL could depict the effect of different density control of stand with
reasonable accuracy. Now, the SMSGL is prepared for predicting growth and yield or testing any silvicultural

tretments that the forest manager wishes to test.



