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SUMMARY

|. Subject

Development of A Forest Management System Based on

Ecological and Environmental Guidelines

II. Purpose and Importance of The Research

In managing forest resources of National Forests, satisfying the
social, economical and ecological demands for multi-faced forest functions
gets more important and implies more complicated decision-making
processes involved. However, it is not an easy task, because it requires
understandings of huge sets of forest inventory and the complex
mechanism of nature. Moreover, we have not set the application of
methodologies based on already-known attributes onto the practical
situation in field management of National Forests. Thus, we have to
enhance understandings on the multi-faced nature of forest environment
and to develop guidelines to assist forest management activities.

We may have to make continuous trials-and-efforts to solve the
problems so as to develop a forest management system which can
secure the stability and sustainability of forest ecosystem. Also an
efficient program should be developed to find the way how to monitor

and evaluate the temporal and spatial changes in forest environment and



to make decision-makings for conflicting issues of forest management.

As an effort to fulfil the requirements, this research was designed to
enhancing understandings on  ecological approaches, engineering
approaches and implementation system using forest information system.
Based on the understandings, we proposed suggestions as guidelines and
a strategic-level forest planning software for field practitioners. The
research for ecological approaches put emphasis on the ecological
interpretation of the natural deciduous forests and the research for
engineering approach put emphasis on watershed management for water
quality control by forest types, preventing wood debris and treating
cut- and-fill slopes to improve urban environment.

Thus, the objectives of this research were (1) to enhance
understandings on the natural deciduous forest, of which value and
potential have been concealed and unrecognized without any care, (2) to
propose ecological and engineering guidelines for ecosystem forest
management and (3) introducing a concept of the forest ecosystem
management and developing a linear programming model to support

decision- makings and monitoring for sustainable forest management.
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I[I1. Contents and Scope of the Research

A . Ecological Approach

1) Analyzing forest ecosystem structures and functions and
establishing ecological criteria for sustainable management of natural
deciduous forest.

2) Analyzing forest successional trends and regeneration patterns for
sustainable management of natural deciduous forest.

3) Establishing managerial criteria and practical management schemes

B. Engineering Approach

1) Analyzing water quality for the through-fall of precipitation by tree
species to determine the desirable vegetation types of urban watershed
forest stands for the purpose of quality control of water.

2) Analyzing cut-and-fill slopes to determine engineering schemes for
forest road construction considering watershed management and
environmental conservation of urban watershed forest.

3) Investigating woody debris of torrential stream and streambed

fluctuation for water resource conservation and land protection.

C. Decision Supporting System

1) Investigating international trends of researches for ecosystem
management and development of decision support systems

2) Developing a database for managing forest inventory data and a

linearing programming model for monitoring and evaluating the spatial



and temporal changes in forest inventory.

3) Evaluating the applicability of the model developed.

IV . Results and Suggestions

A . Results of Analysis

1) The results from analysis of species composition and successional
trend suggested that eight recommended target tree species and
appropriate composition rate would be Quercus mongolica 30%, Tilia
mandshurica 20%, Acer mono 15%, Fraxinus rhynchophylla 10%, Cornus
controversa 5%, Juglans mandshurica 5%, Pinus densiflora 5%, Q.
serrata 5%, and other deciduous tree species 15%.

2) The stand structure was varied by three different topographic
positions (valley, mid-slope, and ridge) in the study forest. The result
from the analysis indicated that A. mono, C. controversa, T.
mandshurica, F. rhynchogphylla, and J. mandshurica showed relatively
good growth in valley; Q. mongolica, T. mandshurica, Q. serrata, A.
mono, and F. rhynchophylla exhibited outstanding performance in
mid- slope; and Q. mongolica and P. densiflora grew well in ridge.

3) The analysis of spatial pattern for the target tree species noted that
A. mono, F. rhynchophylla, P. densiflora, and Q. mongolica revealed
clumped distribution characterized by group occurrence of reproduction

and growth and/or preference for specific environment; Q. serrata, A.
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mono, J. mandshurica, and C. controversa showed random distribution
associated with broad growth range and/or adequate stand density.

4) The result of tree form index analysis indicated that F.
rhynchophylla showed the best tree form in terms of timber production;
on the contrary, J. mandshurica had the worst tree form on all six tree
form attributes, required tending operation to improve tree quality.

5) Inter-species association analysis classified three different forest
community types. Those were the aggregation of species group as J.
mandshurica—C. controversa—Ulmus davidiana—M orus bombysis—A.
mono—T. mandshurica; species group as Q. mongolica—P. densiflora—
Q. serrata—Q. variabilis; and species group as Kalopanax pictus—
B etula schmidtii—T. amurensis—F. rhynchophylla.

6) The species diversity was relatively high in valley areas where the
moisture condition was favorable for occurrence of large number of
species. For the conservation of biodiversity and stability in the study
forest the result of species diversity index analysis recommended that
the valley area would better be composed of A. mono 25%, J.
mandshurica 15%, F. rhynchophylla 15%, C. controversa 15%, T.
mandshurica and other species (M aackia amurensis, P. densiflora, Sorbus
alnifolia, and T. amurensis) 15%; the mid-slope area would better be
composed of T. mandshurica 30%, Q. mongolica 25%, A. mono 10%, F.
rhynchophylla 10%, Q. serrata 10% and other species (M aackia
amurensis, K. pictus, Phellodendron amurense, Prunus mandshurica, Q.
variabilis, and T. amurensis) 15%; ridge area would better be composed

of Q. mongolica 40%, P. densiflora 20%, Q. serrata 20%, F.
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rhynchophylla 10%, and other species (K. pictus, Q. variabilis, and T.
amurensis) 10%.

7) The net primary productivity was estimated as approximately 1,020
g/m?/yr. Presumed the principle from the autotrophic respiration rate of
55%, the gross primary productivity was computed as approximately
2,270 g/m?yr. Adequate forest productivity should be maintained so as to
realize forest ecosystem sustainability and furthermore to achieve
ecological management of the forest as well. It is suggested that the
adequate net primary productivity would be maintained by approximately
1,000 g/m?/yr.

8) Even though EC representing the degree of the total ion
concentration was higher in coniferous trees than in deciduous trees, the
reverse was true for pH of throughfall of precipitation. Then, the
vegetation cover of forest road slope was found to change from herbage
to woody plant and the number of species increased. Installing mulching
sheet on the forest road slope was effective in reducing soil erosion. The
results of survey, also, showed the shape of streambeds are sensitively
affected by site- specific conditions and it may required to keep wide bed
to reduce environmental impacts. The frequency of woody debris is
higher in shallow-root tree species, mainly floating in wide areas of
stream

9) The linear programming(LP) model can be used for strategic-level
planning to analyze the current forest conditions and to determine the
optimal conversion plan on temporal and spatial basis. In using the LP

model, the user can put in the options of constraints to get the
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alternative management solutions. Also the optimal management criteria
can be either discounted net profit, timber harvest volume or carbon
absorption with timber production constraints for non-declining yield, cut
volume or area, etc. By running the LP model repeatedly varying the
combination of preference weights for carbon and timber management, a
joint-production curve can be produced for multiple products. Also
species selection for the desirable species composition is available using

the LP model.

B. Suggestions

1) The recommended species for the different topographic positions of
the study sites are A. mono, C. controversa, T. mandshurica, F.
rhynchophylla, and J. mandshurica for the valley area; Q. mongolica, T.
mandshurica, Q. serrata, A. mono, and F. rhynchophylla for the
mid-slope area; Q. mongolica, Q. serrata, F. rhynchophylla, and P.
densiflora for the ridge area. On the reference of topographic map, the
boundary area of valley and ridge was delineated by 20m of each side
from the valley line and by 30m of each side from ridge line,
respectively.

2) Estimated tree form index can be used to designate the trees or
stands to be cut, left, or otherwise treated in harvesting for hardwood
production and other intermediate silvicultural operation to improve the
quality of stands for the future growing stock. The result of spatial

pattern analysis can be used to evaluate the regeneration pattern for
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corresponding target tree species

3) Natural regeneration should be most desirable to succeed present
forests to which appropriate silvicultural system would be applied with
partial cutting practices. Successful natural regeneration should have
adequate stand and site conditions for three crucial process, i.e., seed
supply, seed germination, and seedling establishment, demanding large
amount of ecological informations and high silvicultural operation
techniques. According to the silvical and ecological characteristics of
target tree species, it is recommended for the forest manager to choose
appropriate silvicultural systems such as two-storied system, shelterwood
system, and selection system by different topographic positions.

4) According to the analysis results on pH and EC in each tree
species, the spatial arrangement of forest stands may be considered as
means to control water quality in forest field. Slope length and gradient
by road construction need to be considered in selecting the route of
forest road in mountainous forests. Also the steep and long cut-and-fill
slopes need mulching to introduce vegetation and to reduce soil erosion.
In reducing frequency of woody debris, planting deep-root tree species is
preferable. The check dam on wide part of stream would provide a good
control for woody debris movement.

5) The LP model is developed as a software for forest field
practitioners who are responsible for forest planning. However, it may
need an intensive education program to train the field managers. To run
the model, a commercial LP solver, C-Whiz, is required as an engine to

solve LP problems. C-Whiz program must be purchased to use the
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software. Purchasing a site licence for the commercial software would be
cheaper. On the other hand, the LP model is a advanced tool for the
forest managers to determine the optimal forest planning. By using the
model, they can get wide understandings for the current and future
situation of forest management and get confidence with their forest
management plan. Thus, such an advanced model should be needed to
introduce sustainable forest management concept to the national forest

management system.
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8.54
6.89
545
5.05
4.06
3.90
3.74
3.15
2.79
2.16
2.08
1.79
1.60
143
135
1.28
1.16
1.13
6.59
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4)

Im

( 2-6)

- 83 -

2-4)

2-5)

2-6).



2-6>

© 0O ~NO U~ WN

e e o =
No o WN P O

4548
15.28
841
967
3.80
5.70
2.17
4.70
244
0.36
054
045
0.36
0.18
0.27
0.09
0.09

35.20
12.18
11.38
6.82
12.73
1.70
6.73
3.58
5.58
151
0.72
0.59
0.68
054
0.03
0.01
0.01

26.05
12.87
12.87
1257
5.09
9.58
5.09
5.09
449
0.90
150
1.20
0.90
0.60
0.60
0.30
0.30

35.58
1345
10.89
9.69
7.21
5.66
4.66
4.46
4.17
092
092
0.75
0.65
044
0.30
0.13
0.13
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2-3)

11

- 85 -



2-7>

JM AM QV FR BS PD QM KP QS TM CO
(M) 17 4 1 19 1 9 2 5 3 24
(AM) 5 0 1 6 1 9 2
(QV) 5 2 38 12
(FR) 17 5 6 1 2 3 3
(BS) 8 7 5 1 40 1 8
(PD) 2 2 23 5 10 175 1 18
QM) 1 67 9 44 4 4366 15 46 22 6
(KP) 2 1 3
(QS) 22 13 63 4 22 12 11
(TM) 1 13 1 1 1 3 51
(CO) 4 8 2 1 6 2 9 12
2-7) 11
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2-7)

( 2-8)
( 33%) , ,
< 2-8>
JM AM QV FR BS PD QM KP QS TM CO
128 33.1 08 143 08 68 15 38 23 180
147 294 29 176 29 265 509
88 35 66.7 21.1
459 135 162 27 54 81 8.1
108 95 68 14 541 14 108
08 08 97 21 42 742 04 76
02 114 15 75 07 07 620 25 78 37 10
33.3 16.7 50.0
145 8.6 414 26 145 79 7.2
14 183 14 14 14 42 718
87 174 43 22 13.0 43 196 26.1
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62%

74%
2-8)
7 ( 2-9)
2-9>
0 1 2 3 4 5 6 7
113 19 0.8 0.8 0.8 0.8 0.9 09
15 146 17.2 18.0 184 185 18.7 18.8
35 12 0.9 07 0.6 0.6 05 05
33 8.7 10.7 109 10.8 10.7 10.6 105
46 11 1.0 1.0 0.9 09 0.9 09
119 09 04 0.3 0.3 0.2 0.2 0.2
45.0 48.1 40.3 354 323 30.2 28.8 278
04 19 2.1 2.1 2.0 2.0 1.9 19
9.6 8.3 7.9 7.6 7.3 7.1 7.0 6.9
3.9 6.9 13.0 17.8 213 237 25.4 265
3.9 48 48 46 45 44 43 43
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( 2-9).

11

2%

1,2

- 89 -

1%



20%,

5%,

20%,
15%, 10%,
5%, 5%
15 %

- 90 -

5%,



1)

ha

2-10. 2-11. 2-12, 2-13

, (19

11 , 8
, ha ha

, ha

, ha

- 91 -



( 2-11).
< 2- 10>
( /ha)/ ( /ha)
177 99.45 21 13.15 4 2.88
1 1.06
23 13.38 6 294
19 8.75 20 7.20
9 5.30
1 0.26
18 7.80 19 5.31 4 0.95
14 11.15 11 7.94 30 8.61
5 1.79 1 0.26
3 3.92 117 72.78
1 0.22
55 14.70 154 86.10 246 82.22
5 4.70 4 5.05 2 0.52
5 2.00 50 28.50 24 17.48
14 5.11 26 9.18
68 24.43 16 6.66
1 0.64
3 2.18
1 0.54
3 0.58
391 189.79 343 183.21 448 192.62

ha
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(

2-12)

(

2-13)

- 03 -

ha

ha

ha

ha



<

2-11>

( /ha) | ( /ha)

73 9.39 6 0.68
4 0.33 7 0.05

41 0.07 21 0.03
11 0.07 24 0.33

1 0.00
141 5.60 53 0.76 28 0.96

91 0.19 17 0.04
7 0.95 35 187

9 0.02

18 0.02

18 0.94 7 0.24 4 0.11

9 0.14 6 0.40
41 0.19 60 0.88 48 051
4 0.02
41 3.09 29 091 50 1.19
7 0.82 30 2.13

5 0.02 1 0.00
10 0.10 4 0.06
173 4.03 61 2.19 7 0.16
155 0.32 81 0.20 30 0.05
30 3.97
18 0.09 6 0.16 2 0.01
18 0.78 224 18.70 504 3054

5 0.00

5 0.01 1 0.00

5 0.05 10 0.20
2 0.04
9 0.04 53 3.00 67 2.08
64 1.95 361 5.95 196 2.73
82 342 66 2.04 4 0.08
5 0.03 1 0.04 24 0.04
132 7.19 29 0.62 7 0.13
9 0.37 4 0.01
20 1.20
14 0.16 10 0.04 4 0.01

1 0.03
1168 38.10 1156 39.37 1137 48.28
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<

2-12>

( /ha)/ ( /ha)
1 562.32
14 967.11] 23 2864.70 4 341.20
3 118.92 24 2239.77
14 2008.10 7 2105.17
41 15087.58 23 3246.94 7 610.99
82 16831.01 24 16082.88
95 A4777.72 3 114.33 2 380.78
17 3006.21]
32 13469.76
5 511.61
5 254 .32
23 11429 .46 10 1331.58 24 6157.43
1 1464.74
2 1331.65
9 486.52
5 331.34 10 3022.40 24 6274.73
2 121.63
23 7580.81] 4 206.50
1 5.25
64 12786.92 81 23714871 117 11605.31
9 6222.11
14 5764.96 3 443 57
5 6257.15 40 2606.90 85 10725 .46
9 486.52
23 9407.29 6 687.65
1 79.93
1 26.63 7 3084.89
7 962.89 24 436149
63 14665.63| 150 65724.14
27 4980.92 19 3717.25 7 3947.26
5 3721.45 91 23758.32
14 1148.70 1 160.79 2 6.65
9 255.74
1 160.79 9 2365.71
5 254 .32 10 2553.21 11 902.45
5 51161
505 118337.88| 363 83912.04f 617 151135.02

- 05 -



<

2-13>

( /ha) | ( /ha)
2 0.19
45 4891 97 164.32 63 95.54
7 0.56

5 50.75 4 22.24
9 491 27 96.42 67 9.70
36 64.45 86 25357 220 292.19
45 16148 60 318.24 89 93.44
2 0.37

6 61.54
11 19.23

5 4.13 7 35.97
5 4.13| 210 39281 772 1335.62
5 66.38 19 139.61 22 91.26
4 18.34 52 294.02
5 0.39 40 23.04 67 55.95
27 229.28 50 467 .69 2 131
4 34 .58
186 634.80] 610 1993.79] 1380 2323.94
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( 2-14).

< 2- 14>
9) 220 212 269
A (9) 141 145 201
(%) 359 316 253
Q) 144 150 140
B 9) 99 108 105
(%) 313 28.0 25.0
9) 195 248 196
C Q) 151 194 152
(%) 226 218 224
Q) 118 134 122
D 9) 78 88 81
(%) 339 343 336
Q) 217 190 196
E 9) 182 149 155
(%) 16.1 216 209
subplot ( 45
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2)

(

. ha

2- 15).

subplot

10

ha

- 08 -

16

14

, 13



<

2- 15>

( /ha)/ ( /ha)
0 90 91 180 181 270 271 360
37 1744 41 2125/ 63 37.09 31 2271
3 212
6 4.20 8 342 4 3.86 7 3.18
19 513 29 11.93 19 11.12
5 3.15
2 043
20 581 8 2.28 17 6.78 12 3.24
51 20.82 25 17.03 2 143
3 1.13 3 048
17 9.02 27 2581 71 6052 55 3281
3 044
134 63.54| 186 71.10, 150 6190, 193 90.29
6 6.11 3 5.08 5 189
20 7.02] 43 1747 38 1456/ 36 38.11
20 892 22 7.32 4 2.04 12 293
20 8.48 8 253 33 1190 19 7.79
3 121
3 0.67 3 349
3 1.09
3 055 2 0.50
349 15735 378 169.73| 433 22762 395 21643
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ha
2- 16) ) 32

26

- 100 -



<

2- 16>

( Iha) | ( /ha)
0 90 91 180 | 181 270 | 271 360
3 1.07 24 1.09 29 5.80 7 0.88
6 0.65 3 0.03 4 0.05 5 0.02
14 0.02 24 0.04 21 0.03 12 0.02
9 0.09 11 0.08 38 0.50 5 0.02
2 0.00
43 0.39 46 2.19 83 194 69 190
49 0.10 14 0.03 38 0.10 2 0.00
38 2.32 21 1.24 5 0.89
14 0.04
11 0.01
3 0.10 11 0.66 8 0.32 10 0.17
9 0.68 8 0.13 2 0.10
74 0.78 22 0.27 67 135 55 0.46
8 0.04
20 0.55 30 181 71 1.20 40 1.70
34 247 21 2.22 5 0.37
5 0.01
3 0.06 29 0.29 2 0.02
60 2.05 62 2.06 67 152 57 153
97 0.27 81 0.13] 121 0.28 29 0.05
16 2.69 13 0.21 12 131
3 0.01 5 0.11 4 0.01 12 0.20
151 10.07) 316 18.17) 375 24.86| 317 2642
3 0.00
5 0.01
14 0.25 4 0.02 5 0.14
3 0.05
37 140 62 3.28 79 2.30 33 193
269 4.17) 230 442 238 348 288 457
77 3.20 81 251 8 0.12 17 0.34
3 0.00 22 0.02 4 0.02 7 0.09
11 0.37 32 1.21 54 3.21 55 1.74
3 0.23 7 0.01
9 0.84 15 0.61
14 0.05 17 0.15 7 0.03
2 0.05
1026 29.84| 1135 43.21] 1429 51.37| 1107 4559
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<

2-17>

( /ha)/ ( /ha)
0 90 91 180 | 181 270 | 271 360
2 0.0009
14 0.0023 16  0.0013 17 0.0009 14  0.0021
11  0.0015 17 0.0014 12 0.0005
4 0.0016 17 0.0036
31 0.0035 14  0.0071 17  0.0019 19 0.0037
40 0.0322 22 0.0032 21  0.0065 19 0.0023
57 0.0028 3 0.0005 7 0.0004
29 0.0050
14 0.0060 8 0.0037
4  0.0005
4  0.0002
23 0.0126 5 0.0010 13  0.0031 24  0.0028
3 0.0028
4  0.0026
11  0.0006
11 0.0042 29 0.0117 19 0.0019
4  0.0002
9 0.0015 5 0.0008 4 0.0016 5 0.0014
2 0.0000
57 0.0215] 143 0.0132 83 0.0161 76 0.0202
3 0.0001 5 0.0033 2 0.0015
8 0.0013 7 0.0030
26 0.0004 59 0.0062 29 0.0046 71 0.0109
11  0.0006
6 0.0001 17 0.0060
2 0.0001
9 0.0035 3 0.0006
23 0.0021 3 0.0005 4 0.0014 14  0.0034
80 0.0215] 108 0.0584 50 0.0201 79 0.0156
20 0.0011 24  0.0076 8 0.0020 10  0.0045
11 0.0039] 103 0.0258 4  0.0034
3 0.0003 13 0.0011 2 0.0000
4  0.0001 2 0.0001
9 0.0030 5 0.0004
17 0.0052 3 0.0002 4  0.0002 12 0.0008
4  0.0005
463 0.1277) 551 0.1350] 358 0.0866/ 469 0.0913
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(

2-18)

( 2-17).

17

20 , 19

- 103 -

ha

25 , 24

ha
14



13 , 12 , 11
< 2- 18>
( /ha)/ ( /ha)
0 90 91 180 181 270 271 360
3 0.23
114 191.04| 59 56.78| 29 49.13 93 167.03
13 1.07
5 64.70 5 6.66
46 170.63 8 5.77 81 2841
129 18949 35 29.29| 129 368.71 190 381.98
57 8253 41 109.80, 33 603.20, 119 207.14
4 0.72
6 7.12 4 115.89 2 30.42
6 1755 8 1787 2 0.37
6 9.32 3 23.071 13 5952
169 192.58| 554 856.68| 242 98241 431 643.12
17 14759 5 69.31 29 97.27 21 127.76
26 19444 32 108.07 4 64.53 12 32.86
57 50.67| 16 233 83 56.92 40 2431
71 420.29| 35 536.95 4 7.87 7 73.25
6 45.44
700 171869 | 789 1857.22 | 604 2430.88 | 1005 1723.28
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16

Clumped

clump

Block size

, peak

2-3)

Clumped

Clumped

- 106 -

Block- size

Block- size
Block- size 32

. peak



Quercus mongelica
Variancse

200.0
180.0
160.0
140.0
120.0
100.0
BO.0
80.0
40.0
20.0
a.0

1 2 4 a 16 32
Block-size

< 2-3>

Clumped Typea

‘Variance
24,0
2040
16.0
120

B0
4.0 F
0.0

1 2 & 24 16 32
EBlock-size

e @ALYE AR @R R

< 2-4> Clumped
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2-4) 8 Clumped

, peak , clump , clump
5 , peak clump ;
random clumped

randomly clumped

Clumped

Clumped

Clumped ; :

- 108 -



RHandom Type
Variance
g.0
6.0
4.0 |
20 F
0.0
| ) 4 g 16 a2
Block-size
|- BELR - DEAUR ——T|FR o ZELIF |

< 2-5> Random , ) )

2-5) random '

. Random

- 109 -



18

( 2-19)
< 2-19> 18
18 318+ 105 17.1+ 15
19 22.7+ 107 16.7+ 1.9
33 258+ 73 196+ 1.8
5 34.0+ 72 19.0+ 12
10 214+ 125 12.7+ 3.3
22 27.0+ 6.0 17.1+ 1.8
23 328+ 72 20.1+ 2.1
11 229+ 59 172+ 24
8 374+ 89 176+ 2.4
16 34.1+ 7.1 188+ 2.0
5 178+ 5.1 148+ 2.2
5 29.0+ 26 204+ 14
5 258+ 4.8 164+ 12
13 326+ 137 18.1+ 2.1
5 322+ 89 168+ 1.3
7 240+ 55 16.1+ 2.6
5 226+ 66 16.2+ 15
46 307+ 9.1 18.7+ 1.8

I+
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18 37.4cm
17.8cm , 28cm
204m
: ( 20m), ( 20m), (
19m), (" 19m), ( 19m)

46

18 ,
( 2-20)
80.8

P opulus

46.3 :
60

- 111 -



10

< 2- 20>

BS TD* cw! BH*' BA*® BI* TFI?
20.0 20.0 14.6 12.8 54 8.0 80.8
18.2 18.6 12.8 10.1 115 73 785
17.9 19.1 10.9 114 10.0 75 76.8
13.8 135 16.0 13.7 8.0 8.0 73.0
12.0 18.7 12.8 8.0 11.2 6.4 69.1
13.9 17.8 11.6 6.1 10.3 7.7 674
17.3 20.0 96 93 7.2 3.2 66.6
125 19.2 97 8.3 85 6.8 65.0
12.3 179 104 105 8.6 44 64.1
14.6 18.1 95 48 9.7 6.6 63.3
133 194 6.2 7.2 10.0 6.7 62.8
154 16.2 89 119 4.2 49 615
133 20.0 53 6.7 120 40 61.3
133 20.0 10.7 6.7 40 4.0 58.7
10.7 136 78 6.7 8.8 94 57.0

9.2 165 6.2 6.4 76 6.7 52.6

6.7 14.7 53 8.2 6.5 8.0 494
96 153 59 4.7 8.0 28 46.3

1. ( 2-2 )
2. (tree form index)
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62

- 113 -

70

60



CO: , )

5 45 ( 14
50 100
8 (
) 12
12
( 2_ 6) ‘+’
‘ (positive association)” , ‘-’
‘ (negative association)’ .p ®

(choi- square ) %% 9%
, n o 9%% 99%
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VR(Index of overall association) : 0.9221126
W (T est Staristic) : 127.2515

p
n n
® | ®
T
® @& O ® p|n
v ©| 4+ ni + | ®
®» ® p ® + | 0| ®
+ o+ v+ +
n + pl+ n| +|®
+ | p + ® n | ® +
® ®|n|p | ® ® 0 O +
+ o+ s+ p | o+ n v+
®, p : 1%, 5%
®, n : 1%, 5%
< 2-6> 14
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2-6 (Index of overall association: VR)

1 092 , VR 1 12
, 1
. W
138 137 5%
X 2
X 2
12 , 5%
19 , 1%
12
99%
95%
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99%

(

)

(

),

- 117 -

(

11

)

, 95%

. 99%

, 95%

2-7



2-7)

2-7>
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( 2-21)

Shannon-Wiener

- 119 -



<

2-21>

11 24 21 19 29 25 8 24 21 20 36 36

172 265 259 196 238 254 127 2.06 229 197 257 2.78

239 3.15 3.05 293 335 3.22 2.08 3.17 3.05 298 357 3.56

0.72 084 085 067 0.71 0.79 0.61 065 0.75 0.66 0.72 0.78

028 0.16 0.15 0.33 0.29 0.21 0.39 0.35 0.25 0.34 0.28 0.22

28

2.0, 28,

( 1996).
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<

2-22>

(%)

- - 15 5

- 10 25 15

10 10 15 10

20 - - 5

40 25 - 20

20 10 - 5

- 30 15 20

- - 15 5

10 15 15 15

100 100 100 100
70(7)" 65(11) 55(9) 65(16)
20(5) 25(5) 15(5) 20(6)
10(7) 10(9) 30(12) 15(13)

100 100 100 100

19 25 26 34
2.33 2.66 2.90 3.05
2.95 321 3.26 355
0.79 0.83 0.89 0.86
0.21 0.17 0.11 0.14
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( 2-22) :

! ’ ’ ) 13
(25%), (15%),
(15%), (15%), (15%)
: 15% ; ; ,
(30%), (25%),
(10%), (10%), (10%), :
: : : ; 15%
(40%), (20%),
(20%), (10%) 10% ,
3.05,
2.90, 2.66, 233

- 122 -



, 2.7 : 25

site 6
, 710 g/ lyr
280 g/ lyr
. planimter 30 g/ lyr
GPP : 2270 g/ /yr

2.2

RSa : 1250 g/ /yr
<Gpp 55%)

NPP : 1020 g/ /yr
<GPP  45%)

1450 g/ lyr
1260 g/ lyr

: 280 g/ yr

230 g/ lyr

< 2-8>
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2-8) 55%

1020 g/ lyr
1000 g/ lyr
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- 125 -

(steadsty

7

state)



90%

(20%),
(20%), (15%), (10%), (5%), (5%),
(%), (5%) (15%)
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; ; ; Clumped

Random ,

. Clumped

, clump

clump . clump
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(

)

» (

)

- 128 -

(

)

, 95%
19

)



197, 257, 2.78
( 40%), ( 20%),
( 20%), ( 10%) ; ,
( 10%) : ( 30%),
( 25%), ( 10%), ( 10%), ( 10%),
15%) , ( 25%),
(  15%), (  15%), (  15%), (15%)
, : : ( 15%)
: 2.2 , 25 :
2.7
15%, 30% ,
25%, 10%, 20% 10%
1,020 g/ lyr ,
55%
2270 g/ lyr
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1,000 g/ lyr
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1960

65%
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G 10 )

TDS, Na, Ca, K, Cl, NOs-N, PO., SO
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pH, EC, Na', Mg>, K*, Ca’, CI' NOs-N, SO«
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< 3-1>

M onitoring
1
12

3-1)

1
(1996)

2
(1997)

3
(1998)

4
(1999)
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0.3

1964

696 (23 ),
434,861

17

3,058

8
2,329

141
(76 )
142 (

1985

1965- 1974)

137 -

1,041

33 (1)



9

2000

1998

4m,

30 70m

5 (1990- 1999)

- 138 -

2
11.792  ( - ) 3.86m
24 7.85m
1996
( , : ;
, BX
1 2
(1955 4 9 , 6
( 60m, 44m 6m,
8,288 ; 6,257 1,758 ).
580
10 3 4
20 50m, 20 50m, 25 75m
: 2 : 5



5
1 61-1 ,
2.1km . 1994 11
1995 10 12 4 2
7.333km 1.1km (A : 1.058km, B : 0.042km)
0.9km 2
1/25,000
, A 15km, B 0.86km
Cc 0.7km , 260 680m . A
120ha, B 18.1ha Cc 8.1ha

, 2 192-1

- 139 -



, 1993 12
3.68km

1992 11
100m 2m
36 .2

( 3-2
2
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3-2>

7)) () )
-- 12.0 47 ..
-- 16.0 38 ..
08 3.0 31

( 3-3) 2

_,.-"._'_,.-' Ea .--'ii— Green Sheet .J-".-"'.-"' .{.-" .-"_,.-:' ..-"-’_-'
15 el _-_: I.PDI'T'E'-TLr .a-tu“_-ﬂj_ e e
e e Py

WA Flim

< 3-2 >

( Multi Function Filter : M.F.F )

- 141 -



3-3>

Indigdera pseudo- tinctorica
Iris nertschinskia

Pulsatilla koreana
Lespedeza cuneata

Rhododendron schlipp enbachii
Lespedeza cyrtobotrya

Aster scaber

Iris nertschinskia

Pulsatilla koreana

Capesella bursa-pastoris
Indigdera pseudo- tinctorica
Lespedeza cuneata
Rhododendron schlipp enbachii
Lespedeza cyrtobotrya
Spiraea trichocarpa

Spiraea blumei
Lindera obtusiloba

A quilegia buergeriana var. oxysepala

Staphylea bumalda

(

(

- 142 -



2
(899m)

1992

3km

150m - 250m
1.3% ,

3 1996

(788.5m)
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27

41.25
277m,

2.0m

- 144 -

13°

17

21

114

88 49.6m,

3mx

2mx 2



y ) ) ) 5
2

notch , collar

silicon glass

, 20 1
, sample
11
22 cm
20 |
1996 4 13 , (
) ,
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, waters 484-pic 291

’ le EC ’

Na’, Mg®", K*, Ca’, CI' NO's-N, SO

28
20 x

- 146 -

60



M anning
( , 1972).
2~3 ,

200

A: 8.82m , B: 2.32m C:

pH, EC(Electronic Conductivity)

Na’, Mg®", K*, Ca®*, Cl", NOs" -N

Waters 484-pic 291

- 147 -
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(34

< 3-4>
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ]
[ ]
[ ]
[ ]
[ ]
9 10
, (1979)
, zipper pack
, 1 Zipper
pack , 1 2 85
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1 (49 ) 2 (3508 )
(22 ) ,
(GF/C)
2 , Desiccator 30
Filter Assembly 50
2 Desiccator 30
2

20
50m )

- 149 -

1993

(215 )
60 65
Vacuum
60 65
6 1996 6



3-3).

1993 6

!

!

!

ACAD script file

!

ACAD
Area

3-3>

- 150 -




18

, 23

26

10

- 151 -

1996

7

2m

31

10



(Larix leptolepis, Quercus

mongolica, Quercus variabilis, Pinus koraiensis, Pinus densiflora)

, . 5 10 1996
6 16 ,27 ,30 ,7 3 ,1 ,20 ,22 ,26 ,8 27 ,10 2
, 6 ,24 8 14 1997 3 1 ,4 2 ,29 ,5 8 ,14
, 2 ,6 2 ,6 ,2/ ,7 2 ,6 ,16 ,8 5 ,23 ,9 4 ,28
16 30 , pH,
Cond., TDS, Na, Ca, K, Cl, NOz:-N, PO. SOs

(pH 45
8 650, : 5.36) : pH
pH 313 484( : 4.17), pH
320 592( :4.22), pH 318 6.73(  : 4.24),
pH 340 650( : 450), pH 3.78
585(  :491)
SO.( 3-4)
NO:- N ( 3-5) SOs NO:-N
pH ( 3-6) :

- 152 -



S04 (ppm)

NO3-N (ppm)

a0

250+

200

150

S0

o | A e
B/16 6731

T ris TiEm oBsET 10/6 1178 ar2
Bf2T  TIR T2 TIE6 1OF2 10243515 429 SP14 B2 627 TG

— T T
Si8 S/27 66

Date (month/day)

Tz 76 Br2a oree

8/5  9/4 10/18

Q. mongolice

F. korainensic ————— Q.

P der

flora

wariabilis

L. letolepis

Rain

< 3-4>

SO.

a0

250+

200

150

S0

o | S
B/16 6731

Bf2T  TIR T2 TIE6 1OF2 10243515 429 SP14 B2 627 TG

DS TiEm BsET 106 1158 452

Date{mo

T T
Si8 S/27 66

nthiday)

e
T2 OTAIE B/23 o/28
8/5  9/4 10/18

Q2. mongolicea —— FP. der

F. korainensic

flora

Q. variabilis

L. letolepis

Rain

< 3-5>

NOs-N
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Si14 Bf29 TAS Fj20 F/oF 830 9119 3j4 441 &2 &4 g2 242 10418

Date(month/day)
— Watershed (1) - Watershed {(2) -—--— Watsrshed (3)
< 3-6> pH
EC :
, (20.1 8000 : 1823
) (212 7730 : 1682 ) (187 8500
: 153.1 ) (194 5810 £ 837 ) (773
3710 1674 ) . EC
pH
1 pH
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EC

EC ( 3-5) . EC
< 3-5> EC
(ppm) (ppm)
EC N Os-
O Na [ w ¢l car| k| " 1so”
(mm) N

o5 LA 4535 | 433 | 069 | 055 | 088 | 165 | 3.60 | 646
4| B |1920 4663 | 227 | 061 | 057 | 092 | 083 | 125 | 415

' c 4150 | 223 | 083 | 048 | 1.01 | 0.76 | 4.15 | 4.00
o | A 3771 | 314 | 085 | 041 | 1.87 | 158 | 7.18 | 4.70
6 5| B | 510 2744 | 103|105 | 059 216 188 | 646 | 7.00

' C 2888 | 199 | 066 | 049 | 128 | 147 | 8.17 | 4.12
o LA 4774 | 211 | 059 | 032 | 1.11 | 115 | 351 | 5.02
5| B | 365 4541 357|050 | 023 193 128 | 211|534

' c 4179 | 162 | 054 | 040 | 2.00 | 133 | 3.30 | 360
( 3-5) EC

2
, 1996 6 29 SO (7.00ppm)  Ca*(0.59ppm) 119
Na’
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(1.03 4.33ppm, . 248ppm), ca’’ (0.23 0.59ppm,

0.45ppm) ( 3-7)
=0 I l; 2 E
==k -1 0 g
g .
= iz 20 g
] :
5 o Gal -
g FR 40 %
o
=
5 E e §
=— Diaharga [ Ran A
EEe =
| k) |
< 3-7> -
SO.* (4.00 7.00ppm, : 4.93ppm) Cl"(0.76
1.88ppm, : 1.33ppm) 3.7 ( 3-8).
)
. <
= e
E =
% 12 E
k=] o
E =5
'E a4 E
g S
| 0E. 20 -
Ot
—=— Dicchargs - -I:-!-n-l-n. e
HH = B J
< 3-8> -
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Na~ 1995 7 8 ( 192.0mm) A

(4.33ppm)
) , 1996
6 29 ( 51.0mm) NOs-N(A : 3.60ppm, B : 1.25ppm
C : 4.15ppm) 1995 7 8 (A : 7.18ppm, B
6.46ppm C : 8.17ppm) 2 5
EC EC [A
33.67 47.74 4210 , B : 2744 5538 4342 |
(C : 2799 415 36.05 ) ,
Na', Mg  ca Cl SO& (A B )
(C ) , K*  NOs:-N
C ( 3-9).

20

121

Total of lon{ppm)

24 B
Foroat Denoity{m'ha)

| Cation - Anion |

< 3-9>
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1993 1998

1)

1993 1999

- 158 -

20m



2)

10m

35%

50cm

30%

VP(@ 20mm)

20cm

( 3-6)1
80%

- 159 -

1
10m

15cm

20cm

90%



3-6>

- 160

(m)
(m)

5.1- 10.0/ 90% 6.01Im 5.1- 10.0/ 80% 7.99m
30m

5.1- 10.0/ 90% 5.1-10.0/35% |65%
30%

5.1-10.0/90% | 70% 5m 5.1- 10.0/ 90%
90%

5m 140% 5.1-10.0/65% |35%
10m

( 3- 7)1
4691 3754
22 12.22 .2
.3



3-7>

40.1-50.0 /565 30.1 -40.0 /78
46.91 3754
% 3%
40.1-50.0 /36.2 30.1 -40.0 /57
60 30% 40.0 30%
% 9%
40.1 50.0° /46. 30.1 40.0° /725
60 5% 40 10%
9%
40.1 50.0° /44. 30.1 40.0° /615
60 15% 40° 30%
4%
( 3-8)1 2
4m 4m ,
3-8>
4dm, 60%
. 150cm /80% 40.1- 50.0cm/50%
m
4-6m 80% 150cm /60% 30.1- 40.0cm/ 29%
4-6m 80%
150cm 1 65% 40.1- 50.0cm/ 40%
4m 18%
4-6m 55% 150cm /80% 40.1- 50.0cm/ 30%
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14 150cm 80%, 2,3 60%
, 134 40.1- 50.0cm 2
30.1- 40.0cm
3)
3 60 71 7
1 79 5
47 - 72 - 83 - 52 2
, 5 ,
4 - 26 - 27 - 27 2
( 3- 10). 320 -
1430 — 2,247 — 1,172 3

, 89 . 229 - 298 - 259 3
5 (  3-11).
3 4
( , 1984)
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20
K]
ﬂé\- 18
_\35_ 1y
E 12
g 10
R
g 8
& ot 2 = a
2 4.____.---""_' o i
1}
18994 1995 18896 1998
Pasaing yearsa
|—¢—'I'nae&5-hrul:r —O—Herb
3- 10>
40
m.
X
f)
=] e
BT ..-f"”f H‘x
= -
§15- = M\“‘xn
- s
Buw; o
= - et
gt e s
= e e,
15 155 15856 158
[Passing vears
[+ Trae & Sy — e |
3-11>
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Vegetation coverags (7

5.7%

(

19.5% .3

50%

3- 12).

1006

1994 1095 1998

Passing years

3- 12>
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3-9).

3-9>
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4)

41 69 8 11

1 97 .5
94 - 97 - 111 60 3
, , 33 - 45
- 47 - 37 3
( 3-13). 1,161 - 3,019 - 3499 - 1542
3 )
314 - 532 - 936 - 870 (
3-14).
3 4 (
, 1984)
2o
1B
6 |
5 | 2
iL: | R
- RE D’—‘r’_/\
25 Ml
1)
1294 1895 1996 R

Passing vyears

=== Tree i Shrub =—O=——=Herh
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Incividual mernbars =7 004

3

a0

3% r
ag o+
25
20
15 |
1a +
= /\.
]

1904 1085 1956 1998

Pagsimg vaars
|[—e—Tres & Snrub —o—tarn |
3- 14>
(  3-15)
22.7% 5.7%
, 2 48.8% 2
55.7 %, 5 68%
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3- 10).

< 3- 15>
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< 3- 10>

1 , '

2 y

3 , '

5 ) y

5)
11 16
6 2 18 ,
5 6
17 7.7
( 3-11).
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<

3-11>

1 2 3 4 5 6 7 8
9 7 33 73)| 80)] 31 8B 82
21 35  9(4) 29(72) 31(0) 12(1)| 43(5) 57(35)
()
1
6 13% m
5, 6
35
5 4
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( 3-12). , 35%
< 3-12>
Indigdera Iris L espedeza Lespedeza
pseudo-tinctorica | nertschinskia cuneata cyrtobotrya
3 0.2 16 0.2 -
4 18 38 88 -
5 - - - -
6 - - - 0.2
7 0.2 08 08 -
8 38 20 3.2 -
6)
5 19 8 15
10 1: 1,35
0 2500 ( 2,243 ), 2: 700 2,000 ( 913 ), 3: 870
1,180 ( 975 ), 4: 7010 21,100 ( 9430 ), 5. 1250
0 65,050 ( 271223 ), 6: 7,000 39,700 ( 24, 440 ), 7:
5930 38,750 ( 20650 ), 8: 2500 23820 ( 9545 ),
9: 3,740 52320 ( 22376 ) 10: 357,020 903,310 (
641,015 ) 10 - 5. 6 - 9 o 8

1: 700 792,740 (

99633 ),

- 171 -

2: 800 903310 (



99,714 ), 3: 1,180 674,850 ( 82,608 ), 4: 770

654000 ( 70275 ), 5:700 596490 ( 74679 ), 6:
730 357,020 ( 40,069 ), 7: 800 704640 ( 91759 )
8: 800 445070 ( 445070 ) 6 - 8 _
4 . 5 . 3 . 7 . 1- 2
(@50 )( 3-13) 1: 0.0006 0.0074g/50 (
0.0032g/ 50 ), 2: 00001 0.0015¢/50 (  0.0007g/50 ), 3:
0.0001 0.0008g/50 ( 0.0003g/50 ), 4: 00017 0.1007g/50 (
0.01559/50 ), 5: 00007 0.0914g/50 ( 0.0190g/50 ), 6:
0.0002 0.1769g/50 ( 0.0267g/50 ), 7: 00025 0.0529g/50 (
0.0148g9/50 ), 8: 00003 0.0264g/50 ( 0.0049g/50 ), o:
0.0007 0.0072g/50 ( 0.0032g9/50 ) 10: 0.0019 0.1113g /50
( 0.0367g/50 ) 10 - 6 - 5 . 4 - 7
- 8 - 1 9 . 2 3

1: 00006 0.1113g/50 ( 0.02939/50 ),
2: 00001 0.0039g/50 ( 0.0017g /50 ), 3: 0.0001
0.03269/50 ( 0.00399/50 ), 4: 00001 0.0094g /50 (
0.0023g/50 ), 5: 00001 0.0636g/50 (  0.0126g/50 ), 6:
0.0001 0.0075¢/50 ( 0.0025g/50 ), 7: 00006 0.1769g/50 (
0.0379g/50 ) 8: 0.0002 0.0154g/50 ( 0.00429/50 )
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- 4 . 2
, ( 3-14) 1: 139 1761g( 7.21g),
2: 007 300g( 0.779), 3: 009 0.70g( 0.289), 4:
8.89 1,309.10g( 191.57g), 5: 1092 5945579 ( 918.47g),
6: 353 6,881.41g( 960.10g), 7: 1838 2,049.88g(  467.94g),
8: 087 264.00g( 5448 g), 9: 267 376.70g( 104 58g)
10: 67834 88,231.969 25,968.63) 10 - 6 - 5
- 7 4 . 9 8 - 1- 2 - 3
, 1 042
88,231.969 ( 9,252.86(), 2: 011 352291g( 371.74g),
3: 012 22000.11g(  2:311.80g), 4: 009 385860g(  403.66Q),
5: 0.07 37936.769( 3,957.03g), 6: 0.07 678.34g(
84.71g), 7: 063 50452.229( 6,417.990) 8: 0.19
1,068.179 ( 13941g) 1 7 - 5 . 3
- 4 2 - 8 - 6
3
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3-13>

00081 00013

00B3 0004

00043

00015

00041

00032

00006 00002

00015 00007

001

00m1

0009

00007

00008 00001

001 0001

00003

00002

00002

00038

01007 000

00 0001

0000

00053

00014

001%

00048 00001

0081 000~

00178

00040

0014

00190

00073 00002

00mB8 0004

0000

00073

0011

0702574

0069 00071

00®4 0005

00210

00030

00081

00148

00045 0003

004 00013

00015

00003

00021

000

O[O0 N U WIN| P

00072 00011

00B) 008

00362

00011

00007

0031

=
o

003x 00

0063

00019

004

00867

0023 00011

003 00043

0015

0003

0087

00042

3-14>

Q).

1 2

7

419 33

15 13

1032

1761

98]

042 0l

300 OHA

001

007

12

072

0o on

012 009

02X

0318

063

019

13010 BAY

48 1D

L1

DA

8801

B4 1A

023

54551

281 35

A 372

688141

841

08 13021

2001 1840

61383

64523

10719 577

X0 33X

DX

081

X178

73

OO INOO O WN|F

360 D34

W0 3%

18065

41

11880

261

=
o

8819 H291

200011 384)

396,79

22

10814

9528 37174

B118) 4B

I6/(3

8471

64179

1041
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1(6

2 3 : 249mm), 26 13 14 : 9.0mm), 36 18 19
13.5mm) ,

, 4: 002 2490g( 7.529), 5. 265 198.779(
4271g), 6: 321 3652g( 16.09g), 7. 456 150.71g(
49.73qg), 8: 16.24g ( 3.70g), 9: 067 46.369( 17.279)

10: 3691 10,346.68g ( 3476.029) 10 - 7 5
5 . 9 . 6 - 4 8
( 3-13).

, 1: 1183 10,346.689( 1327.85

9), 2: 030 129.85( 19.52g), 3: 051 3,228.769(
413.15g), 4: 65.619 15.64g), 5: 199 5585.949(
718.27g), 6: 36.91g( 9.649), 7: 1029 8,296.90(
1,089.31g) 8: 002 117549( 19.679) 1 -

7 - 5 . 3 - 8 - 2 - 4 .

6 ( 3-15).

1/ 155

- 175 -



<

3-15>

1 2 3 4 5 6 7 8
1
2
3
4 1&g 23 610 660 38 451 249 0@ 752
5 488 268 17l 49 3149 D& 187 D62 271
6 52 805 213 321 1B 65 B 68 1BM
7 5071 2™ 214 4% 7@ 78 104 786 N7
8 1624 03 051 19 09 0F 30
9 59 061 85 20 DM 949 463 44 TZ
10 03668 108 32870 666155569 3691 820690 11754 34602
1378 152 41315 1B64 718277 964 10931 1967
3.
1)
( 3-16)
1993 ,
(  3-16) 1993 6 1247m® (
119 20,1996 6 ), M6m*( 15 161995 6 )
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< 3-16>

(m®)

(m°)

19936

1993,11

19946

19956

1996.,6

(m°)

(m°)

(m°)

(m°)

(m°)

(m°)

(m°)

(m°)

(m°)

(m°)

8842

419163

84.93

4094.17

89.60

4311.11

89.31

423343

89.69

4212.65

79.25

4100.16

78.84

4009.49

82.85

418254

80.03

4157.25

78.82

3696.47

84.76

4139.30

8154

4014.55

8445

4148.21

86.26

417761

69.04

4081.97

80.82

4077.40

79.04

4008.94

8147

405145

80.84

4063.23

94.24

4005.35

82.28

3834.84

8131

3767.55

80.58

3780.92

81.69

3795.00

65.97

3975.80

7111

399164

69.39

343134

70.65

342332

70.11

3423.32

93.06

433151

88.55

4034.21

67.87

3583.79

67.34

3557.12

66.82

3600.27

80.20

3805.50

72.82

361841

7549

3642.65

7495

3766.06

77.19

3551.22

72.02

3533.78

OO N WN -

7192

3866.85

70.22

377181

75.70

3842.30

64.86

3654.53

69.33

3619.66

S

82.75

4080.91

80.65

3757.43

77.99

3761.88

8132

4143.04

7545

3687.47

[
=

8048

426301

69.65

3818.44

7248

3899.24

8440

3717.89

72.05

3918.47

=
N

90.04

4891.35

83.09

4668.28

8349

4749.79

64.32

3827.04

84.69

4677.61

&

109.34

537391

109.97

5340.25

107.80

5357.46

107.80

491401

107.80

5255.22

=

105.62

4995.95

103.64

5160.08

106.50

5228.90

88.76

4760.18

10241

4953.04

&

94.22

4597.61

102.76

4931.89

102.65

5006.89

101.64

5043.19

95.71

4549.55

=
(2]

89.68

4236.91

9451

4274.30

97.62

4473.33

100.09

4492.49

86.27

4016.46

=
~

79.79

4491.96

76.46

4450.79

8131

4546 45

7961

4505.16

74.39

4267.68

&

99.89

6918.83

10157

6907.95

100.55

6777.03

100.59

6832.66

96.32

6065.07

=
©

176.87

6678.61

174.75

6722.14

170.53

5873.21

172.71

6148.31

146.28

5431.29

N
o

90.28

94.14

64.39

73.22

7097

3,5,7,19,20
6
, 94

1247m°,

7,12,14,20

10m*

11

) 416
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16

(
19- 20

3-17)

. ‘95

‘93 6

, 95 6



12-13 1064m°, 15- 16
446m° , ‘94 6 19-20

805m°, 15- 16 409m’

1200 i j,

100 + 3 o
RO ! i :.! 1
I ! %

\ﬂ‘-‘

\ e : .
40 Fox ’f ® X x i
x* ,?‘.'J.““F#}x‘ x g ot

P gy S
. X |

0 b4 % _-{I ; _xx

) o EIEek —-—-—.—’i—ﬂ—-—-—n:ﬂ‘-—é —}-&:
::r:ur: g‘a‘x x i L
400 - x %‘.

RO -

—l— | -9 — =l — - GE -8 - - Tpn-94
— =M= lun-95 —-%X-- Jun-#6

< 3- 16> (m?)

10
i x
¥ ¥ hi]
0 A iy
, x . %
16 y ar i 5

——J 93 — b —Hov-95 ---%-- Jun-94
—-®-—Jun-95 —-%-- Jun-94

< 3-17> (m°)
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18

‘93 6 176.87m’ 199 6 146.28m*

"
14}

1

I:1: _i.-j{’”"' ﬁﬂ'-

1 3 G 2 11 EREMHEEBLFREIBLDN
e Wi — - - iR —& - im0
e i - K= Jurh = Jurl
< 3- 18>
1996 6 4 5
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3,310m°,

‘096

‘96

‘93

4660m*

‘93 6

450

3300 |

=

S
H500

2000

_o—'—'_'_'_'-"!

1500 |
1000

/

4]

19593, 6 1993, 11

‘03

6

3-19>

6

1004,8

1,800m°, ‘94

4,660m*
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19956 1096, 6

‘93
2,270m°, '95

11



(

3- 20)

‘%6 6

1993 1995

11,

13

- 181 -

5
) 21314
, 34 1996
1996 6
1993 1995
‘96
8,9
2
10
‘94



14 ‘94

15 '96

16 ‘93

19 ‘95
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3-20>

| 0 i B
T T
il !
- f
g, W

183 -



(

1)

, 1989),

, 1996).
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2)

(

, 1994).

(

(
3-21)
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, 1985).



4, 26, 30, 31

32 , 3, 10, 15, 19 26
, 26, 30 31
L.» ll__.ml ]
| s _ EH Upairesm 8
£ %
T
: i
,;E; :
=
Surveyed Line
— atraam width [ Weody ost
< 3-21>
( , 1983; Araya, 1986; , 1988; ,
1990)
3-22 4° 30 2
8° , 13° 17
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) Oownatream w
g :
s
& 5
£ 5
§ :
z
TG 50 15 @ @5 @, 85 40
Surveyed Ling
| Gradient Bl ooy detrm
< 3-22>
( 3-22)
10, 26,
30 31 ’ 2.9,
11
( 1
1983; , 1988; , 1990),
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24 28

3)
10 2m
402
353
147 ( , 1983) 183 (

Lmax 27.0m, Lmin 2.0m .

Dmax  60.0cm, Dmin  10.0m
40m : 44m

» 41.1cm

- 188 -

(

10 14

100m

Swanson, 1992)

, 1979)

Lm ean
Dm ean

4.0m,
14.0cm,

14.0cm



1991),

15.0m

23

- 189 -

5.0m



sugef Apoo J6 QNN

LR
L

1% @0
5

10

[ ==

3-23>

<

3-24)

» (

190 -



Murnber of woodly delais

Sunweyed Lins

- =: 8

< 3-24>

( 45° 135°  225°
( 45°  135° 225°
(  3-25) 25

- 191 -

276 :

)
315°

126

)



256

» (

Mumber of woody debris

<

4, 23, 26, 30 31

19 20 25 W 3| A
Surveyes] Line

| B e B Parpendicularity

3- 26) 4, 26

62 (

- 192 -

32 38

, 1994)



Numbers of woody delris

<

|- A Broad-leal B A neddle-lear

3- 26>
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|pH

|pH
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Lysimeter

‘93
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(1000m) (1.3%)
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1992 (UNCED)
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(guideline) ,

79%

21%
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(geographic information system; GIS)

(database system)

- 200 -



(adaptive management system)
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1992).

- 202 -

(Driver
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1970
, 1970

1980

(Forest

Ecosystem Management)

(Decision Support System)

(Dynamic Structure)
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paradi gm

1970

(Sustained Yield)

(Even-Flow)
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4-1>

4-1)
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Par adi gm:

100 150
(Old- Growth Forest Stand)
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< 4-2>

1990

(42,

, paradigm

Ecosystem management
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4-3)

4-3> (After Kaufmann and Regan,

1995)

(43

- 209 -



(Spatial and Temporal Scales)

(Reference Conditions)

(Existing Conditions)

¢

"(Coarse Filter)
(Aggregates of Ecological Elements)
, "(Fine Filter)

(Adaptive

- 210 -



M anagement)

4-3)

4-4)

- 211 -



< 4-4> Forest Ecosystem Management

(After Kaufmann and
etc., 1994)

- 212 -



(optimization techniques)

FORPLAN(Ilversion and Alston, 1986; Johnson, Stuart and

Crim, 1986)
1)
(deterministic function)
2)
3)
. 1990 Forest Ecosystem
M anagement

- 213 -



(45

(Resource Production
M odel), : (GIS) (Analytical
Model) 4 . , :

Forest Ecosystem Management
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T rade- off

Database GIS
( ) < ( )

< 4-5>

(Decision- M aking
Supporting System) ( 4-1)
1997 Forest Service
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(Modeling T echniques)

Decision Support Systems

AACEFFGIIKLMNRSSSETTUU
RIR|IRM[l [V|Y |MI|NIL|A|A|g|EAITINIPIE|E|P|T
CGBDRSPPFENGDLRMAEAREO
. L FlIl |[S|S|E| |S|L|Oo|M|D]|! M |A P_?MRSO
Evaluation Criteria |o |s U B ElA|RIS|I |s D P s TIL
R| IM| |G| |SINIM| |s S P Al s
E C s LM
S S M \Y
T L l
E S
Analyze Current Condtions |X X (X [X X X | X |X |X X (X (X X X |[X X X [X |X
Predict Future Conditions X X X |X X |X XX X X X | X X X |X X X
Spatial Analysis X X |X X |X X X X X X [X |X |X X X
Multiscale Interactions X X X [X |X X X
Modeling Techniques:
Simulation X |X X |x X |x X X |x X X X [x
Optimization X X |X X |X X
Knowledge- Based X |X X X X |X X
Fuzzy Logic X X X
< 4- 1>
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( , 1993)

Model | Model 11 ,

(linear programming)

( , 1992).

1983).
(scoring model)
(compensatory model)
(preference)
(trade- off) , , ;

(non-compensatory model)
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(simple additive weighting method)
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ODBC(open database connectivity)
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Visual C, Visual Basic

Microsoft ACCESS
. ACCESS

Visual Basic

Microsoft Visual Basic

(professional edition version 5.0)

Visual Basic ,

MPS(Mathematical Programming System)
, MPS

C-WHIZ (Ketron Management Science)
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( 37.6~50%)
() ( 50% )
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)
)
(
)
: (
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( 2km )
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() 75%
() 26 ~75%
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71%
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m m
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L
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( ) (G )
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(1995)
(hierarchical structure),
(network structure), (relational structure)
( , 1994).
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(allowable cut)

Hi ( 4-1)
(nondeclining yield, NDY)

H, = H, = H; = = H, < 4-1>
H, <H, <H,; < < H, < 4-2>
( )
, o
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( 43
(I+a)-H; 1 <H; < (1+4)-H;, < 43
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1) Model

nmz nsi § nac nsc

Max Z = & o e 2  Ciikim * X iikim
subject to

nsc

mzlx ijkim A ijkl

nmz nsk n nac nsc

i:zlj= 1K= 1= 1m= 1Vhijklmp "X ijkim = VHp -
nmz nsi n nac nsc

i=21j= 1K= 112 1m21\/t”klmp "X ijkim = VTp -
nmz nsi n nac nsc

i=21j= 1K= 112 mzlcsijk'mp "X ijkim = CSP -
n nac NSc

s rr;P Xijum = TCAy = 0

nsi n nsc

2 2 2 X EAy = 0

VHp + VTp- VSp = 0

nsi

J_Zch:A i < o+ ZA

nsi

2, TCA - se < GS,

i

VSp > GVp

VSp - a/-VSp_l >0

VSp - (1+ p) - VSp_ 1 <0

CSp > GCp

CBp < GBp

acn

2, EA; = GA,

Xijum = 0

0

0

0

for all i, j, k, I.
for all p.

for all p.

for all p.

for all i, j, p.
for all i, I.

for all p.

for all i, j, p.
for all i, j, p.
for all p.

p=2, 3, -+ pdn.
p=2, 3, -~ pdn.
for all p.

for all p.

for all |

for all i, j, k, I, m.
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a =
nzm =
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i K,
(ha)
Xijklm
i K,
VTp =p
CS, =p
i K,
ha
i K,
ha
i K,
ha
J p
i
(ha)
|
B =
nsi =
nac =

(ha)
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<

4-4> Mode |

1 2 3 4 5 6 9 10 11 12 13 14 15 16 17 19 20
1| E R R R R
2 E R R R
3 E R R R
4 E R R R
40 | 5 E R R R
6 E R R
7 R R R
8 R R R
9 E R R
10 E R
1| E R R R
2 E R R
3 E R
4 E R R R
50| 5 E R R R
6 E R R
7 R R
8 R
9 E R R
10 E R R
1| E R R
2 E R R
3 E R R
4 E R R
60| 5 E R R
6 E R
7 R R
8 R R
9 E R
10 E R
1| E R
2 E R R
3 E R R
4 E R
70| 5 E R R
6 E R R
7 R
8 R
9 E R
10 E R
, R :
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Zi qumm EAI|:O

j=1k=1m
VH,+ VT,- VS, = 0O
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Xijkm = I i k 1
m

Cijkim Xikim

Aju = i, i k, I

Vhjimp = i j k 1
m p ha

Viijkimp = i j k 1
m p ha

CSijkimp = i i k |
m p ha

VH, =0p VT, =p

VS, =0p CS, =p

CB, =p

TCA = i, J p

EA, = i I (ha)

ZA | = i (ha) mr, = k

PA = i I k

cp; = i GV,=p

GC, =p
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50

4-6).

60
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60

. 1996).

4-6>

a b c

12394 05620 05105 |LogV=a+ bogT- —

( ) | -2.1482 25859 -5.8956
20474 03453 10.1185
0.3076 13545  0.0529
0.5482 18361 3.2320
17301 05295 64151
21404 02041 8.2228

-0.0178 13524  2.0201
12394 05620 05105
1.1877 11809  2.8207

307816 0060 3114 | y=a(1- e ")°

( ) | 246.030 0.054 3.795
339690 0.047 2,654
426363 0.044 2.103

422999  3.983 0.053 V=age P¢ "

341400 1287  0.058 V=ae ©
263640 1210  0.060
301583 0029 2020 | v=a(1- e ")°
256941 0040 2013
348739 1818 0175 V=ae °©

b-¢cT

V:stand volume per unit area(m®ha), T:stand age
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( 4-12)
( , 1994).
= + + ) +
4-7>
dm/ )
0.44 159 122 05 043
( 0.44 159 122 05 043
043 174 122 05 0.46
0.56 122 122 05 042
049 144 122 05 043
041 1.26 122 05 0.32
045 128 122 05 035
0.80 133 131 05 0.70
0.78 131 131 05 0.67
0.33 133 131 05 0.29
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(47

[6CO.+12H.0+688Kcal — CsH120s+0:+H-Q]

1g 14679
(CsH1005)n
1.63g , 1.185g
( , 1991). 1.185
: 2.37(1.185 )
, CF, i CS
OE ( 4-11)
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Ccs,

OE ; =1'185'F <  4-11>
4)
( , 1995).
( ) (1995)
(1995)
04
0.127 ton/hayr, 0.023 ton/halyr ,
0.003 ton/halyr
3
) 1 10
0.174(=0.127+0.023 +0.003x 8 )ton/ hal period 0.030(=0.003x 10
) ton/ha period 0.144 ton/hal period
i XC, XEi
SE. ( 4-12)
SE;, = 0.174-XC; + 0.030-XE; < 4-12>
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1.
79 84
( 4-8)
1,644ha
< 4-8> ( ha)
1,644 48 0 1692 (91%)
78 0 0 78 (4%)
0 0 92 2  (5%)
1,722 48 92 1,862 (100%)
(  4-15)
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30m
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100ha
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( -10) 3
33%
, | 2.1% . 72,214
ha 419 /ha
ha 1
76% , ha 418 /ha
2, 3 100% 82% , ha
405 /ha 438 /ha
< 4- 10>
ha
1 39 358 517 541 104 1489
418
0 14320 24816 18,394 7,695 | 65,225
2 0 0 34 11 0 45
405
0 0 1,360 462 0 1822
3 0 22 61 35 0 118
43.8
0 1,100 2,562 1,505 0 5167
39 380 612 587 104 1,692
419
0 15420 28,738 20,361 7,695 | 72,214

( . ha,
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1
50ha
2ha 5ha
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3 2
70% . < 4-11>
1:.0.1
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< 4-11>

(Model)
1 10
2

0%
1 20%
2 5%
3 5%
1 0.05
2 0.01
(ton/ha) 3 0.01

() 11 100,000

(ton/ ha) 11 100,000
1 50
2 2

©o 6 ) 3 50
1 30%
2 70%
3 , 70%
( 4-18)
9256 / , 13652 /
6,489 |/ 21420 |/
30% 57%
6,799 / 20,688 |/
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10ha AreaSF > 10
10ha 5ha
AreaSF >= 10 AND AreaNF < 5

Amm like *

Azim like OR Azim like
Azim like AND Hum
like
5 10 10ha
(IDc = 5 OR IDc = 10) AND AreaSF >= 10
1 SPP1 like '
AND IDs like '
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2000
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1

2 00 00 00 6.1 6.1 20 00 6.1 00 00 204
3 00 00 00 211 211 18.6 00 95 00 00 703
4 00 00 00 335 335 11.2 00 335 00 00 1116
5 00 00 00 34.7 347 34.7 00 116 00 00 1157
6 00 00 00 419 419 419 00 140 00 00 139.6
7 00 00 00 318 318 318 00 10.6 00 00 1059
8 18 00 00 217 217 217 00 156 00 00 1005
9 18 00 00 28.0 280 280 00 15.7 00 00 1014
10 00 00 00 288 288 288 00 118 00 00 98.2
11 0.1 00 00 826 826 826 00 300 00 00 2717
12 00 00 00 795 795 795 00 288 00 00 2673
13 00 00 00 833 833 833 00 300 00 00 2799
14 274 00 00 769 769 00 00 833 00 00 2646
15 76.1 00 240 720 720 00 00 40 00 00 2480
16 724 00 00 68.3 68.3 228 00 40 00 00 2357
17 00 00 00 58 774 00 00 838 79.2 00 266.2
18 00 00 00 2712 815 00 00 83.3 879 00 2798
19 00 00 00 80.5 80.5 00 00 286 86.9 00 2764
2 778 278 76.0 736 00 00 00 23 4.1 00 2614
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A01101  (5.0) : 0820 0(5.0)

A01102 (22.0) : 0810 0(22.0)

A01103  (17.0) : 0830 0(17.0)

A01104 (252.0) : 0800 0(16.0) 0810 0(31.0) 0820 0(85.0) 0820 0(19.0) 0840 0(101.0)
A01202 (12.0) : 0820 0(12.0)

A01203 (181.0) : 0810 O
A01204 (208.0) : 0800 O

50.0) 0830 0(27.0) 0830 0(57.0) 0840 0(47.0)
82.0) 0820 0(9.0) 0820 0(117.0)

A02104  (11.0) : 0850 0(11.0)

A02203  (14.0) : 0850 0(14.

A03104  (23.0) : 0860 0(23.0)

A03202 (22.0) : 0860 0(22.0)

A03203  (43.0) : 0860 0(22.0) 0860 0(21.0)

A03204  (12.0) : 0860 0(12.0)

D01202  (22.0) : 0830 0(22.0)

K01103 (27.0) : 0790 0(11.0) 0800 0(4.0) 0810 0(12.0)
K01201 (18.0) : 0800 0(18.0)

(
K01202 (177.0) : 0790 0(34.0) 0790 0(5.0) 0800 0(3.0) 0800 0(3.0) 0800 0(35.0) 0810 0(14.0)
0810 0(12.0) 0820 0(25.0) 0820 0(8.0) 0820 0(8.0) 0830 0(13.0)
0840 0(17.0)

K01203 (46.0) : 0830 0(46.0)

K01205 (30.0) : 0820 0(27.0) 0840 0(3.0)
K01210 (13.0) : 0800 0(13.0)

K01301  (7.0) : 0790 0(4.0) 0790 0(3.0)
K01302  (69.0) : 0820 0(69.0)

K02203  (20.0) : 0850 0(20.0)

K03203  (18.0) : 0860 0(9.0) 0860 0(9.0)
101103 (59.0) : 0790 0(59.0)

101201  (9.0) : 0810 0(7.0) 0810 0(2.0)
101202 (15.0) : 0790 0(15.0)

L01205 (12.0) : 0840 0(12.0)

L01305 (49.0) : 0790 0(49.0)

Q01203 (164.0) : 0790 0(56.0) 0810 0(52.0) 0830 0(56.0)
Q01204  (67.0) : 0820 0(67.0)

: 0800 0(0.0) 0800 0(0.0) 0810 0(0.0) 0830 0(8.0) 0830 0(9.0) 0830 0(24.0)
0830 0(23.0) 0840 0(14.0)
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o 1 2 3 4 5 6 7 8 9 10
m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1] 1] K| 00 0.0 0.0 0.0 0.0 27.0 0.0 0.0 0.0 0.0 0.0 0.0
27.0
o 0 0 0 0 0 4728 0 0 0 0 0 0
4,728

| | L | 0.0 0.0 0.0 0.0 0.0 59.0 0.0 0.0 0.0 0.0 0.0 0.0
59.0

o 0 0 0 0 0 13,530 0 0 0 0 0 0
13,530

| | A] 00 0.0 0.0 50 220 17.0 252.0 0.0 0.0 0.0 0.0 0.0
296.0

o 0 0 0 208 2,302 2491 46,005 0 0 0 0 0
51,096
e mm e m e mm o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeaan

| 2] D| 0.0 0.0 0.0 0.0 220 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.0

o 0 0 0 0 3,858 0 0 0 0 0 0 0
3,858

| | K| 00 0.0 00 18.0 177.0 46.0 00  30.0 0.0 0.0 00 13.0
284.0

o 0 0 0 1642 28,605 10,069 0 8657 0 0 0 4350
53,323

| 1 L| o0 0.0 0.0 90 15.0 0.0 00 12.0 0.0 0.0 0.0 0.0
36.0

o 0 0 0 1244 3327 0 0 4379 0 0 0 0
8,949

| | A|] 00 0.0 0.0 00 12.0 181.0 208.0 0.0 0.0 0.0 0.0 0.0
401.0

o 0 0 0 0 1569 33,154 47465 0 0 0 0 0
82,188

| 1 Q| o0 0.0 0.0 0.0 0.0 164.0 67.0 0.0 0.0 0.0 0.0 0.0
231.0

o 0 0 0 0 0 26,762 12,846 0 0 0 0 0
39,609
e mm e m e mm e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

| 3] K| 00 0.0 0.0 70  69.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
76.0

o 0 0 0 766 13,381 0 0 0 0 0 0 0
14,147

| 1 L| o0 0.0 0.0 0.0 0.0 0.0 0.0 49.0 0.0 0.0 0.0 0.0
49.0

o 0 0 0 0 0 0 0 21455 0 0 0 0
21,455
e mm e m e mm e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeaan

| | 0.0 0.0 0.0 39.0 317.0 494.0 527.0 910 0.0 0.0 00 13.0
1481.0

| | 0 0 0 3951 53,041 90,735 106,317 34,491 0 0 0 4,350
292 884
m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
21 1] A] 00 0.0 0.0 0.0 0.0 0.0 110 0.0 0.0 0.0 0.0 0.0
11.0

o 0 0 0 0 0 0 2,008 0 0 0 0 0
2,008

- 336 -



L e

| 2] K| 00 0.0 0.0 0.0 00 200 0.0 0.0 0.0 0.0 0.0 0.0
20.0
o 0 0 0 0 0 47378 0 0 0 0 0 0
4,378
| | A] 00 0.0 0.0 0.0 00 14.0 0.0 0.0 0.0 0.0 0.0 0.0
14.0
o 0 0 0 0 0 2564 0 0 0 0 0 0
2564
e mm e m e mm e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
| 31
e mm e m e mm o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeaan
| | 0.0 0.0 0.0 0.0 0.0 34.0 110 0.0 0.0 0.0 0.0 0.0
45.0
| | 0 0 0 0 0 6942 2,008 0 0 0 0 0
8,951
m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
3] 1] A|] 00 0.0 0.0 0.0 0.0 0.0 23.0 0.0 0.0 0.0 0.0 0.0
23.0
o 0 0 0 0 0 0 4,199 0 0 0 0 0
4,199
drm i mm e m e mm o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
| 2] K| 00 0.0 0.0 0.0 00 18.0 0.0 0.0 0.0 0.0 0.0 0.0
18.0
o 0 0 0 0 0 3940 0 0 0 0 0 0
3,940

| | A 0.0 0.0 0.0 0.0 22.0 43.0 12.0 0.0 0.0 0.0 0.0 0.0
77.0

[ 0 0 0 0 2877 7876 2738 0 0 0 0 0
13,492
drm i mm e m e mm o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
| 31
drm i mm e m e mm o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
| | 0.0 0.0 0.0 00 220 610 35.0 0.0 0.0 0.0 0.0 0.0
118.0
| | 0 0 0 0 2,877 11817 6,937 0 0 0 0 0 21
mm e e e e e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1 | 0.0 0.0 0.0 39.0 339.0 5890 573.0 910 0.0 0.0 00 13.0
1644.0
| 0 0 0 3,951 55918 109493 115,262 34491 0 0 0 4,350
323,465
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0 0 0 0 0 0 0 0 0 0
0 0 220 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01102 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 967 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01103 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
747 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01104 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01160 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.6
A01161 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01162 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01163 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01168 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A01169 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C01154 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.6
0 0 0 0 0 0 0 0 0 2,622
0 0 0 0 0 0 0 551 0 0
0.0 0.0 0.0 9.6 0.0 0.0 0.0 0.0 0.0 0.0
C01155 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 999 0
0.0 0.0 0.0 0.0 17.4 0.0 0.0 0.0 0.0 0.0
C01161 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

0.0 20.4 70.3 1116 1157 139.6 105.9 100.5 1014 98.2
0.0 20.4 70.3 1116 1157 139.6 105.9 100.5 1014 98.2
0 7,782 27,834 29,788 29,788 40533 39,108 38,838 40,682 39,61
29,787 22,006 1,953 0 745 3,196 5585 6,346 8,064 7563



0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 22.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 98.2 1111 25.6 17.1 0.0 0.0 0.0 0.0 0.0
0 30,151 34,288 7,947 5,322 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 9.6 0.0 0.0 0.0
0 0 0 0 3,007 0 0 0
0 0 0 422 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 275 0.0 0.0
0 0 0 0 0 0 0 8,621 0 0
0 0 0 0 1,210 0 0 0 0 0
275 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.5 0.0
0 0 0 0 0 0 0 0 8,302 0
0 0 0 0 0 1,165 0 0 0 0
0.0 26.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27.8
0 0 0 0 0 8,699
0 0 0 0 0 0 1221 0 0 0
0.0 0.0 27.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 79.9 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.8 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4,753 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 41.0 0.0 0.0 0.0
0 0 0 0 0 0 11,205 0 0 0
0 0 0 0 2,355 0 0 0 0 0
41.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 795 0.0 0.0
0 0 0 0 0 0 0 21,717 0 0

o
o

o
o
o
o

277.7 267.3 2799 264.6 248.0 235.7 266.2 279.8 2764 2614
277.7 267.3 2799 264.6 248.0 235.7 266.2 279.8 2764 2614

5 104,046 103,076 101596 101,004 97,943 99,312 102,009 103,144 102,713 104,9
6,157 6,191 6,175 12,107 16,077 15261 14,633 3,168 3,005 0



(1-10 )

1 2 3 4 5 6 7 8 9 10
0790 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
998 0 0 0 0 0 0 0 0 0
0790 O 0.0 74 36.0 29 0.0 0.0 0.0 74 36.0 2.9
0 3,407 17,297 1447 0 0 0 3,219 15,769 1,289
0 0 0 0 587 2,875 235 0 0 0
0790 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0790 O 0.0 0.0 0.0 0.0 56.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 13,232 0 0 0 0 0
2,741 0 0 0 0 0 0 0 2,741 0
0790 O 0.0 0.0 0.0 0.0 0.0 0.0 34.0 0.0 0.0 0.0
0 0 0 0 0 0 11,109 0 0 0
0 2,233 0 0 0 0 0 0 0 0
0790 O 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 0.0
0 0 0 0 0 0 1,634 0 0 0
0 328 0 0 0 0 0 0 0 0
0790 O 0.0 0.0 0.0 9.6 14 0.0 0.0 0.0 0.0 0.0
0 0 0 2359 357 0 0 0 0 0
578 0 0 0 0 0 0 504 74 0
0790 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 315 0 0 0 0 0 0 0
0790 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 236 0 0 0 0 0 0 0
0800 O 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 1,021 0 0 0 0 0
210 0 0 0 0 0 0 0 210 0
0800 O 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0
0 0 0 0 0 0 980 0 0 0
0 197 0 0 0 0 0 0 0 0
0800 O
0800 O
0800 O 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0
0 0 0 0 0 0 980 0 0 0
0 197 0 0 0 0 0 0 0 0
0800 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0800 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 0 1,182 0 0 0 0 0 0 0
0800 O 0.0 0.0 0.0 0.0 0.0 0.0 29.1 5.9 0.0 0.0
0 0 0 0 0 0 9515 1949 0 0
0 2,298 0 0 0 0 0 0 0 0
0810 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.0 0.0 0.0
0 0 0 0 0 0 0 4,642 0 0
0 919 0 0 0 0 0 0 0 0
0810 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
2,748 0 0 0 0 0 0 0 0 0
0810 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0 0 0 0 0 0 0 0 0
0 967 0 0 0 0 0 0 0 0
0810 O
0810 O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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0810

0810

0810

0810

0820

0820

0820

0820

0820

0820

0820

0820

0820

0820

0820

0830
0830

0830

0830

0830

0830

0830

0

0.0

0.0

2,546
0.0

0.0

1,484

0.0

0.0

3,021
0.0

747
0.0

3,132
0.0

466

0.0

659
0.0

5,437
0.0

0.0

27.0

62.7
14,826

36.3
11,157
0

0.0

04

3,087

22.0

35.8
13,694
0

0.0

0

0

1,773

10.7
4,190

8.7
2,871

22.2
8,832

2,385

3.3
1,118

2,041

27.0

2,818



0840
0840

0840

0840

0840

0840

0850

0850

0850

0860

0860

0860

0860

0860

0860

o

769

o
o

o
o
o
o

4.3
1,305

14.0
4,125

11.0
2,593

00Po0P,090P00CP00P0 P00

1,974

1511

1,043

921

0 0
0 1511
0.0 0.0
0 0
0 0
0.0 0.0
0 0
0 1,116
0.0 0.0
0 0
0 0
0.0 0.0
0 0
2,583 0
0.0 0.0
0 0
0 0
0.0 0.0
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