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Fig. 1. Distribution of stocking-ratio by diameter class. (The first working circle in selection

forests.)
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Fig. 2. Distribution of stocking-ratio by diameter class. (The second working circle in selection
forests.)
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Fig. 3. Distribution of stocking -ratio by diameter class. (In regenerated selection forests.)
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Fig. 4. Relationship between stand density and stocking-ratio of small diameter class.
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Fig. 5. An example of fitting GomperTz function between stand density and stocking-ratio of
small diameter class. (20 m>~25 m? in terms of basal area.)
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Fig. 6. An example of fitting GomperTz function between stand density and stocking-ratio of
small diameter class. (25 m?®~30 m? in terms of basal area.)
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Fig. 7. An example of fitting GOMPEéTz function between stand density and stocking-ratio of
small diameter class. (30 m?®~35 m? in terms of basal area.)
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Fig. 8. An example of fitting GompPErTz function between stand density and stocking-ratio of
small diameter class. (35 m®~40 m? in terms of basal area.)
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Fig. 9. An example of fitting GomperTz function between stand density and stocking-ratio of
small diameter class. (40 m®>~45 m? in terms of basal area.)
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Fig. 12.. Relationship between basal area and the parameter k.

g Pl i=1: /Mg
g:: RS TSR R i=2: hEK
6;: ERRIAE L i=3: KK
LB, F1o, MAKK o SIS G, HIENER g 13,
g=G/o 3.7

AR TRIEN TV 3, (35) RicH VW TEESIEEREERE g IRk S TF—EDE%E
EB1p?, g, 13 (35) RORBEHRT T LB TE S, (35),(36),(37) X&b,

_ (G/p)—g3+(g9:—91)6)

0, (3.8)
g2—9s
0,= (G/p)—9:1(9:—91)0: (3.9)
gs— 92
BELNE, TIT(3.1),(3.2),(3.3),(34) Ko,
6,= UG, p) (3.10)
EAHBEHBDT,

1
9295
EEEXMZ 5L, (38), B9 RNiEEhEh,
6,=a{(G/p)—gs+b}
0;=—a{(G/p)—g,+cbi}
L1y, hiRl, KEROBEIIABLS %7,
0,= UG, p) (3.11)
0;= (G, p) ‘ (3.12)

a , b=gs—¢g1, C=g>—9



42 EHEARM - B

60

(8 \3) LdaEiERUE

0 ' ' 600
% o & & (m*ha)
X-13 M5rER & SkERAE & O/I%

Fig. 13. Relationship between volume and basal area.

EREBI LI B,
UEDT Eho, ERBIAELL 0., 0, 0;) FIAKEK & fiEWfEaito 2 HFomKTs 2
LABETIEBTE S,

2. BEEMERAOBE

MAEROEELRZ 5 L3, RANKOMSEELEET 2 L TEETH I, D TRL,
MEOHICEVWTCOMETH L EHDTHAT 2T TORWIETH S, £, WEkimE
AFHIOVTHEED T LBV B, HEEEHICE D TR—EMMEREFEALTHY, b
NEREEMEMERAT ORI TREVIEOEESA SN S (K-13), £ TAHAICE VW TIIHES
WA OBEEICBIL TIRET T 52 Licd 3, T THOER TR INEBHERATE2ED
HiF B0, MABHOBE, MBEEREZHV 3 1-DEEORITH LSS E, T NEHEES
OGS, Evd—U o eIt 0 BAHEELZITOR THHEESTRER &8 LIk 5, Bih
Wic B 2 EREEOBEEDOHEIC 20Tl Moser!? OB A S 5, ‘

1) KEFROMSHERSTOHECSIIHE

KEMFEESITTON TV BN BV TRIRESSZ 2B A2 EE L ETNIEHN SV, £
TZ TR E VS ERSNEMERBATORBICED LS BEEELE L TLWALII>VWTHR
MBI lict b, BERNICE, REMSITOOLES, KIROH & EKFEO% TERNESNEREAET
DEREBBED L 5 ITBLT 2 02T,

bHEEENIC B i AR TEER IR T 2 BEREMONERE O > 5, HIELRIA
IERBEABITH N TE D £ DEDORIRICAIETLROFET 5 21 EEZBEMO BRI H W TR L
rRER, (KRR EWTIRE S DERER L EREBRORSHERSTOERER & OBIRIZ
M-14 DL 52t -1z, T OND SRR ORIRICE VTSN ERAHOERERIIZEFSTD



KEMORE BT 3 v X 7 LR 43

2 KEBORKE
. O 0~1 (m?
}% 0 1~2 (m?)
% A 2(m?) Bk
]
=
5
i °
& L
i
2 . B0
5%
é o ODD DD a A
7 | . ° %
/
ha o
. ul u]
E ° ! 3
0 2

FEMOMSKERSESTOERRER (m*/ha - F)
X-14 {RERATE I3 2 S BRSO ERER ORM%

Fig. 14. Relationship between annual growth of basal area before cutting and one after cutting.
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Fig. 15. Changes in basal area over time. (The first working circle in selection forests.)
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Fig. 17. Changes in basal area over time. (The second working circle in selection forests.)
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Fig. 18. Changes in basal area over time. (The second working circle in selection forests.)
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Fig. 19. Changes in basal area over time. (In regenerated selection forests.)

REICFRERBEAL T2 6004 50 (K-20), BAEKIREASICB VTR, EEM
HEEL &5 BREOHERAIZRT bDEEZL LN B,
Uk, REMICEB S 2 SRS OBREEMSXS CEIcRF L TE 2, 22 TRICKA

Helhd L TORMERZ 5/:%, EKMERAT EREREOBRIC>LWTRET 22 Lict
%,



REMDEFIHT 5 v R 7 L 5HHIPTSE 47

60 - 5215
]
W 40}
i1
%
O
=)
§+ b/l//e
“} 20 ¢
rlg
0 N s N ,
1965 1970 1975 1980 1985 1990
B A (&)
X-20 HMyEWrimfEait 0B (FAMREMS)
Fig. 20. Change in basal area over time. (In regenerated selection forests.)
15
o [
B 0
o o © (¢ %0 ‘; oo
o o
3 0 °w o
g i ° 0 °°88 08%%0000 °n° %o o
3 L) ‘9" §°° o p O s o °
g % 0 &
. 0 1 1 Io °° ou 1 1 3
rp , o 60
ha i ® [
: 0
& MM EE & St (m?/ha) °
n .. .
[
™~ 1]
—20"
X-21 MEWmEmEes LERER & OBR
Fig. 21. Relationship between basal area and its annual increment.

¢, WEWEEATERERE OBIRER-21 IRT, Zhick 3 EEHERES 30
m?2 Pl Eic 3 EADREERT DB TTETVEDOROD S, RICINSDF—9%25m? T
LiRXYn, 2hFENOEEEE T oy b LEOMNK-22 TH B, FEHOFECID, i
A, S HENRERCBE IR bOMR-23 TH B, TN S5DXH S, 40~50 m?



48 FHARH - EEmoE

s : )
E O 1 1 1 L = ; 610
2 MM EIAA E (m*/ha)
m
/7
ha i
#
_2 L
X-22 MEEmEast S ERER S ORR
Fig. 22. Relationship between basal area and its annual increment.
3 —
*E =
xt °
17
E 0 ln—t 1 ! 1 1 1 ! [ S|
2 15 - - ° 60
— MRS EmiES 5T (m®/ha) X4 °
%
9 L
z
— 3 -

K23 Moot & MR & 0%

Fig. 23. Relationship between basal area and its relative growth.
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.Fig. 29. Periodic changes of stocking-ratio by diameter class. (Permanent sample plot [5104])
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Fig. 30. Periodic changes of stocking-ratio by diameter class. (Permanent sample plot [5109])
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Fig. 31. Periodic changes of stocking-ratio by diameter class. (Permanent sample plot [6138])
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Fig. 32. Periodic changes of stocking-ratio by diameter class. (Permanent sample plot [6212])
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Fig. 33. Trajectory of stocking-ratio by diameter class. (Permanent sample plot [5003].)
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-2 FETEEMES 5003 8LV 5104 BT 2FEREICEE N2 v
Table 2. Eigenvalues and eigenvectors in the permanent sample plot [5003] and [5104]
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Fig. 47. p—g trajectory and eigenvectors in the peramanent sample plot [5003]. (On a log-log
plot.)
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Fig. 48. p—g trajectory and eigenvectors in the permanent sample plot [5104]. (On a log-log plot.)
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Fig. 49. System responses (5.20) in the permanent sample plot [5003].
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Fig. 50. System responses (5.20) in the permanent sample plot [5104].
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Summary

In recent years the accumulation of measurement data and the development of comput-
er technologies have been making it possible to analyze growth process of natural stands
from a wide range of aspects. This study is intended to make clear how several stand
characteristics are correlated with each other in natural forests and then to examine how
natural forest management affects stand growth, and finally to analyze the change of stand
characteristics with time in terms of systems science. A part of permanent sample plot
data, which have been collected periodically in the Tokyo University Forest in Hokkaido,
were used for this study.

Stand structure can be analyzed from the view-points of both diameter class level
(small, medium and large) and the stand level. For diameter class level, a three dimensional
mean basal area vector (g,, g, gs) associated with the three diameter classes and the
corresponding stocking ratio vector (8, &, @) are selected as system variables. For stand
level, stand density o and stand basal area G, or mean basal area (g=G/p) are used.

6,+0,+0;=1

g=G/p=g,0,19:0:+9:0;

Where the subscripts 1, 2, 3 symbolize small, medium and large diameter class respectively.

First, the influence of felling activities on the vector (g,, g,, gs) was investigated. It was
found that the vector remains constant before and after felling, because the calculated
ratios between the corresponding vector components before and after felling are centered
on the small range of 0.96-1.04. Besides it did not change with time. From this, it is
concluded that the change of mean basal area with time depends only on the stocking ratio
vector (6,, 8., 85). In fact, a further investigation of the change of (8, 8,, 8;) shows that 8,
decreases and 6, increases with time. Therefore, stand management seems to have been
carried out so that mean basal area g might increase with time.

Then, to make clear analytically how the vector (8,, 8,, 8;) changes with time, the
following function was assumed between 8, and p.

In8,=M(1—Le*)

The fitting of this function to data shows that parameter M can be expressed by a linear
function of stand basal area G and parameters L, k are approximately expressed by
quadratic equations of G. Therefore, given the values of G and p, the stocking ratio vector
can be estimated. ‘

Furthermore, some examinations were made as to how felling activities affect the
dynamics of stand basal area. It was shown that annual increment in basal area after felling
has a close relationship with that of basal area before felling and harvested volume from
the large diameter class.

Finally, a simultaenous and logarithmic linear differential equation system (systems
growth model) was used to analyze the dynamics of stand characteristics such as basal area
and stand density in terms of a trajectory.

d(lnp)/dt=a,+ay Inp+aplng A :<a11 axz)

d(Ing)/dt=az+as Inp+axplng 2z Aag
The values of the six parameters included were examined. For the permanent sample plot
5003 (regenerated selection forests) and 5104 (the first working circle associated with
selection forests), the calculated eigen values of matrix A were all negative, which shows
that each p—g trajectory approaches the corresponding stationary state (node) in a suffi-
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cient period of time and that the corresponding eigen vectors are considered as asymptotes
which have something to do with the 3/2 power law in terms of mathematical ecology.

This study can be expected to make it possible to predict the dynamics of stand
structure in natural forests from the view-point of systems science.

Key words: Natural forest, Stand structure, Systems growth model, Diameter class,
Trajectory



