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Mitsuo Inosk : Tree Growth Model based on the Crown
Competition of Todomatsu (Abies sachalinensis) (II)
Estimation of the Diameter Increment and Bark Thickness
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Artificial forest, reforested in the 41th year of Showa. In
this stand, we carried out the pruning about 180 numbers
of trees, classified by five types of treatment at the end of
August of the 52th year of Showa. Numbers of sample
trees are 30 respectively (See Fig. 1).

A : Except 1, 2 years branches from top, all of the trees
were pruned.

: Except 1~3 years branches from top, all of the trees
were pruned.

: Except 1~4 years branches from top, all of the trees
were pruned.

: Except 1~5 years branches from top, all of the trees
were pruned.

: Except branches of the south side, all of the trees were
pruned.

F : No pruning.

Four years after the pruning, at the end of August of the
56th year of Shdwa, ten samples of trees which were selec-
ted at random, in each types of treatment were felled.
After the felling, disks were cut off every 50cm of sectional
height, then clear length and the past growth of tree height
were measured as possible.
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Artificial forest, 3000 numbers of trees perhectare were
planted in the 8th year of Showa. Brush cutting and
cleaning cutting were carried in the past. In this forest,
30 members of sample trees which were selected at every
three count were felled. After the felling, disks were cut
off according to the traditional stem analysis method, then
clear length and past growth of tree height were measu-
red as possible.
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Method of the felling and measurment are the same as
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Annual transition of the distribution of cross-sectional area increment.
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WITICHEST 20, ERCREFCRSINTIC, FEESCX-TY =4 t BT 5. 20cd, B
FEH 1 BN ) OBRMBEREBOKS 31T, MEREEROSIFESCEELEZ 28D EEbh
%o, 2T, MEEE HE BHE WERERE/BRORARER], BLIUMBEREL ry 0B
Bx, HHESL 2, 30KADT—F KOOTHIT Liz. ERRATOEE, LThoBrHcE T
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T T, Dy: HEOER (cm)
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G : FIEOkEH (=7 Dd/4, cm?)
4G: FrEmEERE (cm?)
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Table 2. B 4 X r, © £ ¥

Coefficients of 7.

ao ax as R

1 —18,041 0. 5031 1. 8380 0. 80
2 — 14,999 0. 9530 0. 8146 0.82
3 —16,944 0.7114 1.0434 0. 80
+ 3 — 14,437 0.7513 0.9618 0.81
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Table 3. # #h B & Ul E & 50 A B & H

Coefficient of correlations in each sectional height and tree age.

. mE #
Sectional height
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
12 4 0.91 0.94 0,96 0. 96 0. 89 0.92 0. 86 0.89
b i) 13 £ 0.88 0,98 0, 97 0.97 0.85 0.90 0. 80 0.95
Tree age| 14 4 0.87 0. 94 0. 96 0. 94 0.92 0. 88 0.78 0.79
15 4 0.83 0,95 0.97 0.96 0.90 0. 85 0, 80 0. 84
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Tree Growth Model based on the Crown Competition of
_Todomatsu (Abies sachalinensis) (II)

Estimation of the Diameter Increment and Bark Thickness
Mitsuo Inose®

Summary

. As the diameter growth.is formed by the vertical distribution of the product.of photo-
synthesus over the stem, the author analyzed the tendency foward vertical distribution.

In add1t1on to this, the author analyzed the bark thickness over the stem.

As a result, bark thickness over the stem was estimated by the bark volume and the
diameter with bark at any height.

-"In. this.report, the data of several sample plots of artificial forest are used. The first was
in M1suma1 where trees. were pruned by five types of treatment; The second was in Engaru,
where thlrty trees were felled etc. (See Table 1).

* Based on the data of the vertical distribution of cross-sectional area increment, the author
~ proposed a diameter growth model for a given sectional height of the tree, based on the crown
length' rate, stem volume increment and stem size of last year.

- 1.. Vertical distribution of the stem volume increment

Stem volume increment is the summation of the cross-sectional area increment from the
root to the tip, and the tendency of its vertical distribution over the stem is shown as the
change of erOSS-sectienal area increment at any sectional height. Therefore, the author ana-
lyzed the tendency using the stem analysis data of Misumai and Engaru and Tokiwa (See
Table 1).

As a result of these analyses, it became clear that there was a strong correlation between
clear length and the height, where the vertical distribution of cross-sectionl area increment
changes and the tendency of vertical distribution of cross-sectional area increment is divided
into two lines which cross each other at the clear length (See Fig. 1-c).

If we make the assumption that the tendency of its distribution is approximated by two

stralght lines, it is possible to construct the following diameter growth model.

Received Decernller ‘8, 1984
(1) Hokkaido Branch Station
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2. Estimation of cross-sectional area increment at amy Sectional height, . .7 . <
.-, Under ‘the above assumption, these 'straight’ lines of the vertical distribution -of cross-sec-
tional area increment are shown .as AP which represents the underpart from the clear length
(See Fig. 4). If the clear length is zero, its distribution is represented by line ‘AB, and thHe
cross-sectional .area increment-at the base of tree is represented by line OB.
Here, the length of line OA and. QR are equal to.the tree height # and the tlear ‘length
hp respectively, and the -area of .shaded part -APQO equals-the stem volume increment (4 V).
In this case, the actual sectional area increment at the base of tree is given by the-length of
line 0Q (=g2). I IRFN CT e
Next, when we show the sectional height of tree-and sectional area increment as thé per-
centage of tree height and size of base OB respectively, the standardized triangle A’B'O’ can
be .determined (See Fig. 4 (b)).  In this triangle A’B’Q’, 7, the cross-sectional area increment
in the base of the triangle A’B‘Q’ is a percentage of go’ which is the length of the base of
the triangle A’B'O’. :
Therefore, if we can estimate the value of 74, both lines A’P" and P'R’ can be determined.
Then. we can calculate the actual size of the triangle ABO in the following (See Fig. 4).
Ry=4V'|V’ '
V=4V/Rv
gz = 8o+7¢/100
where, if we define r, as (h— hg)/h, the co-ordinates of points P, Q, A, B are (rcgo, # (1 —
re)), (gz,0), (0, k), (g0, respectivery.
Hence, equations of lines AB and PQ are,

Y=h—ChlgdX e (1)
Y Te T _r100) B QA—rg)
= 2 et 7 100) X T (rem7,7100) (2)

where, X is cross-sectional area increment at sectional height ¥. Then, we can estimate the
cross-sectional area increment at any sectional height, using epuation (1) which calculates v
the upper part from the clear length, and (2) which calculated the lower part. In the special
case, when the crown length rate (%’ —A’p) equals 75, we can calculate it using the follwing
equation (2)’, instead of (2). ‘

X =gz
Now, 7, is given by the following equation. »
rg=ao+a1-cr+ag(dv/8) .............................. (3)

Where, S : Superficial area of stem (10~¢m?2)
4v: Annual stem volume increment (1074 m3)
¢r : Crown length rate (»,x 100, %)
a,, a1, as - Constant
3. Estimation of the diameter increment at any sectional height.
We can estimate the diameter increment at any sectional height using the cross-sectional
area increment in the follwing equation.
AD=D1—D0=2vm—Dn .............................. (4)
where, D, : Diameter recorded last year (cm)
D, : Diameter recorded this year (cm)
G : Cross-sectional area recorded last year(10~¢ m?2)

4G : Cross-sectional area increment (10~4 m?)
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4 D : Diameter increment (cm)

As mentioned above, the author proposed a diameter growth model. Then, I examined
the relationship between the measured and the estimated values using this growth model, about
the sample No. 1 and No. 2 (See Figs. 8, 9).

As a result, the relationship between the measured and estimated values coincided fairly
well, except that certain deviation appears near the stem bottom because of root swelling.

Therefore, it is possible to estimate the diameter increment at any sectional height using
this model.

* 4. Estimation of bark thickness and bark volume,

The vertical tendency of the distribution of the cross-sectional area of the bark, is approxi-
mated as a triangle.

For the bark thickness, it is assumed that the vertical distribution of the cross-sectional
area of bark is a triangle.

Under the above assumption, it is possible to estimate the cross-sectional area of bark (Gb;)
and bark thickness (Db;) according to the following equations.

Gby= 20000 Vb/H
Gb; =Gby (H — hy)|H

Gi=m D24
Gxi = G¢ - Gbi
Dxy=2+/Gxim
Db;=D;— Dx;

where, Vb : Bark volume
H : Tree height
h;i ¢ Length of the base of the triangle
Gby : Height at which estmation is being performed
D; : Diameter including bark
Dx; : Diameter not including bark
Then, I examined the relationship between estimated and measured values using the above
equations, for sample No. 3 (See Fig. 10).
The relationship between estimated and measured values coincided fairly well, but varia-
tion increased toward the tip.
Then, we can estimate the bark volume using the following equation
Vb= 0.07496 Vo.90477
where, V : Stem volume
Thus, the tree growth of Todomatsu is expressed in the following cycle.
1. Tree height growth and branch extension—2, Crown competition with adjacent trees—
3. Crown volume increase—4. Stem volume in response to crown volume increment—5. Diameter

increment at any sectional height—»6. Bark thickness at any sectional height,



