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"" ""
(ecology)

Haeckd(1866)

Odum(1956) :
Hedgpeth(1969)

(interaction),

( 1-1)

1-1

(theoretical ecology),

(applied ecology)
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(industrial ecology) (ecology of ecosystem management)

(efficiency ecology)

1-2

I~

I~~

'~~

1-2
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1-2

1. (17

5000

11 176

50 •

100

24

(384~322 B. C.)

4

Theophrastus (370-285 B. C.)
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2. (17~19

17

1670 Boyle

1735 Reaumur

1855 Candolle 1765

Buffon 1792

Willdenow

A. Humboldt 1807

"" "" "" 1798

Malthus "" ""
19 1859

1866 Haeckd (ecology)—
1877 Mokius "" biocoenosis)

Warming 1895

1909 " " £co/og:yo/PZflm 1898

Schimper 19

Warming Schimper

3. (20 50

20

Jennings(1906)

Shdford(1913)

Klebs(1903)

Cowels(1910) Clements(19041907)

Sukachev(1908)

A. G. Tansley(1939) 1910

20 20~50

Lotka(1925)

Chapman(1931) C. Elton(1927)
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Shelford(1929) (1937)

Kawkapob(1945)

1949

Allee

Du Rietz(1921)

Braun-Blanquet(1928)

Tansley(1923) Clements(1916) Clements

Weaver(1929) Sukachev(1908)

Sukachev Korovin, Dokhman,

"" geobotany) 20 70

Tansley Clements,

(Uppsala) Uppsala Semauder Du

Rietz,

Braun-Blanquet -
" " "Rubd "
" "

ffi; 1935

1913 1916

(Journal of Ecology)(m3)^ £a?/c>g>0(192O)

(Ecological Monographs)(l93l) (Journal of Animal

£coZog:v)(1932)

20 50~60 Ellenberg

Pieolou

Wurzburg Lange Harper

Greig-Smith Whittaker



4. (20 60

AMsmzZ/a" Journal of Ecology),

(X^cmadicm Journal of Ecology) , (^Ecological

Research) (Journal of Tropical Ecology) (Functional

Ecology)

Forman(1986, 1995) (Landscape Ecohgy) ——
(jMnd Mosaic Ecology of Landsccipe and Region)

(molecular ecology)

(Journal of Molecular Ecology

() ( ) (
) (( )

(system ecology) 30

1. (19

" "

• "" ""
""

• 6 •



10%;

100: 1

17

2. (1800~1910

19

19 18 19

" "
Humboldt 1822

Schouw

18 ""
19

1864 Marsh "" 1870 1872

1875 1872 —— (Yellow

Stone); 1878 Epping

1917

1920

1874 " "
1898 " "

20

Olmsted(1822~1903)

Geddes

1910

Shaler 20()()



3. (1910

20 20

" " " "
1911 Tansley

Clements

Clements(1916)

Shdford,

1913)— Elton,

1927 1943

20 30

1945 1949 "" Tansley 1959

84 5.4 hm2
1976 153

12.1 hm2

Shelford 1946 Shelford " "
1950 " "

600 1978 2000

700 1.2 hm2

20 50

6000 55 908 hm2

20 30

50~60

1962 Carson
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60
'

20 40 " "
" " 50

20 60" " 1967) " " 1975)

" " 1977)"" ""
1970 " "

1972 114 ""
80

20 20~30

" " 1938

Alihan 1940" " 1955 "" 1957 " " "" " " -
" " I960

1972 "" stable society)

(Rome Club) (Limits to

Gravvf/i)—
1987 (The World Commission on

Environment and Development) Om/" Owwno" FMmre)—
Bmndtland " "

Bmndtland ' ""
(IUCN) (UNEP)

(WWF) 1991 1992" " UNCED), 183 70

102



21 (Agenda 21),

" "
20 70

1964 (Journal of Applied

Ecology) ^ 1991 (Ecological Applications)

20 80~90

Ofrban Ecology)

(Conservation Biology), (Restoration Ecology) (forest

Ecology and Management) ^ (Journal of Environmental Management) ^

(Applied Vegetation Science) (Ecological Engineering) ,

(Ec mic Ecologym

1-3
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1-3

1.
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2.

()
3.

4.
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(
"" Suess 1875 20 20

BepHajiCKHfi

"" biosphere)

(atmosphere) (lithosphere)

(hydrosphere), 23km 12km

100m

25 ~30

10i 2~10i 3t

30 2

(
1935 Tansley (ecosystem)" ''"

(food chain)

( )
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2-1

(

• ;
-

-

2-1

<

(I

>

\
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( )

( ) ( )

80%,()

(
)

""

(
1.

1) (producer) (autotrophic)

2) (consumer)

(heterotrophic)

(primary

consumer)

(second

consumer)

II

3) (decomposer)

• 15 •



2.

(1)

(population),

(density) (abundance)

(frequency)

(random distribution)

(regular distribution) (dumped distribution)( 2-2)

2-2

(age structure) ( 0~4 5~9 10~14)
(age pyramid)o

(2-3a) ( 2-3b) ( 2-3c)
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(sex ratio)

(coverage)

(dominance)

(2)

1)

(reproduction)

(migration)

2) (biotic potential)

J

r t A^,

2-3

6N/dt = rN:



t "J"

( 2-4)
36h 108

2io7

'
2-4

Logistic S

K Logistic

6N/^ = rN{\-N/K)

M = /i:/(l+0^^^) A^/K"

(environmental

resistance), "S"

( 2-4)
3) (life table)

2-1

X * ;C ^
;C+1 , C;C+1

UF^riJn dj^n^-n^^i, qr=dAx, e T\/n
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7 JC+1

/F(/VHn,+i)/2 JC jc

7>!"o ro=Lo+Li+L2+L3+"' ri=Li+L2+L3+"-

2-1

W

("1) ( (;C) Ti (e,)

142.0 1.000 80.0 0.563 102 224 1.58

1 62.0 0.437 28.0 0.452 48 122 1.97

2 34.0 0.239 14.0 0.412 27 74 2.18

3 20.0 0.141 4.5 0.225 17.75 47 2.35

4 15.5 0.109 4.5 0.290 13.25 29.25 1.89

5 11.0 0.077 4.5 0.409 8.75 16 1.45

6 6.5 0.046 4.5 0.692 4.25 7.25 1.12

2.0 0.014 0.000 2 3 1.50

8 2.0 0.014 2.0 1.000 1 1 0.50

9

Krebs 1978

4)

(survivorship curve) ( 2-

5)

1000

2-5

I

n

m
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5)

(density-dependent factor)

(density-independent factor)

K ( )
(environmental carrying capacity)( 2-4)

(negative feedback mechanism)

3.

(community) (plant

community), (animal community),

(microbiological community)

(1)

1) (floristic

composition),

(minimal community area) -
(species-area curve)

(constructive species)
,

(dominant species)

(common dominant species)
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2)

(life fonn)

Raunkiaer

( )
( 2-6)

41

1 23 4 5 6 7 8 9

2-6 Raunkiaer ( I
Raunkiaer 1934)

1. 2~3. 4. 5~9.

(phanerophyte): 25cm

( 30m) (8~30m)

(2~8m) (0.25~2m)

(chamaephyte): 25cm

(hemicryptophyte):

(cryptophyte):

(therophyte):

(vertical structure)

4

Ar

,

• 21



(layer)

(stratification)

(interstratum plant)

(
) ( )

(horizontal structure)

(mosaic):

(mosaic

community)^

(Cflrflgana)

l~5m

• 22 •



(2)

1) (niche)— Grinnel(19n)

(ultimate distributional unit), 1927

Elton (functional role and position),

Hutchinson(1957)

Odum(1959)

1973 Pianka ( )

()

(niche breadth) ( )
( )

( )
(niche overiap)

(complete overlap)

2) (species diversity)

(biodiversity) 40

(genetic diversity)

(ecosystem diversity)

(landscape diversity)

(species richness) (abundance),
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1974 Poole

(species evenness) (equitability),

100

90 10 100

(total diversity), (species

heterogeneity) Simpson(1949)

(dominance diversity)

(3)

(competition)

1934 Gause

(competitive exclusion

principle)

(symbiosis)

(allelopathy)

(parasitism) () ( )

((2"e/ri«)

(commensalism)

(Remoras)

(predation)
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(4)

(periodical change), (ecological succession)

(primary succession)

(secondary succession)

(progressive succession) „

(retrogressive

succession)^

( )
(climax) (homeostasis)
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()

( 2-2)

2-2

1. 3.

I. V.

(1) (1)

A. (2)

B. VI.

(2) (1)

A. (2)

B. vn.

C.

•

(1)

n. (2)

(1) vm.

A. DC.

B. X.

(2) () '

XI.

(3) xn.

(4) Xffl.

A. XIV.

B. (1)

C. (2)

D. 4.

2. XV.

ni. XVI.

IV.

1.

300
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2.

15%

1 ~2
km3

200

""

r:

c
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8.1J/cm
2 &

46%

1%

(primary production), (first production),

(primary producer), (primary

productive force) (biomass),( ) ()
7K

(food chain)

(secondary production)

(secondary producer)

( 2-7)

2-7
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(food

web) ( 2-8)

2-8

(Lindeman) Cdar Bog

5%~6% 10%

(law of ten percent)

(ecological pyramid) ( energy pyramid)

(biomass

pyramid) (pyramid of individual number)( 2-9)

29



1

90 000

200 000

1 500 000

(
A. O.lhm2

1.5

11

37

809

J/m2

B.

5060

21

383

3368

20 810

J/m2 .a

C.

2-9

( 2-3)

19 674 200 J , ( )( ) 1945 11 251 968J

26 602 030J 7.5t/hm
2

30t/hm
2 2-

4 2-5
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2-3

-- (
/10^2

/(g/m2 - a) /(t/hm^ . a)

(
/lO't

20 1000-5000 20 40.0

18 600-3000 13 23.4

12 400-2000 8 9.6

7 200-1200 6 4.2

15 200-2000 7 10.5

9 150-1500 s 4.5

.
8 10-400 1.4 1.1

13 10-250 0.7 1.3

20 0-10 0.03 0.07

14 100-4000 6.5 9.1

2 100-1500 1.0

2 800-4000 20 4.0

332 2-400 1.25 41.5

27 200-600 3.5 9.5

2 20 4.0

510 500-4000 117.38 164.0

2^4

lOOkg /kg /% lOOkg /kg /J

2-5

/(kg/hm^) /(kg/hm2) /(g/m2 • d)

( 12 832.5 25 162.5 16.22( 7665 17 250 14.37

8235.0 21 187.5 9.85

15 195.8 30 391.5 21.7

16 695 41 737.5 29.8

12 826.5 36 646.5 27.1

12 570 39 843.8 13.28

6950.3 21 718.5 12.06

1

2
<3

6
3

2
cJ

2

o

7

7

o

8

2

5

2

1
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40

(geo-biological-

chemical circulation)

r:

(pool), (material circulation), (material

flow) (biological

circulation) (geo-chemical circulation)

(

(
(geological circulation),

r:
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(atmospheric

circulation) It

(sedimentary circulation)

15 km3

!e 94%
6% 1/3

0.01%( 2-6 2-7)

r:

2-6 !1&( 10
3km3

)

1 460 000

1 370 000 93.84

( 5km) 60 000 4.11

( ) (40 000) (2.74)

750 0.05

29 000 1.99

65 0.005

14 0.001

1.2 0.0001

2-7

/% /%

77.23 0.003

800m 9.86 0.001

8(X)m 4000m 12.35 0.003

0.17 0.04

0.35 100
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( 2-10)

n

(ocean water circulation)

(ocean-space-continent-ocean

water circulation)

(continent water circulation)

lOOOmm,

1240mm 1140mm

710mm 470mm 240mm

/J /j'

i
T

2-10

r:

8600 5000 11.4

2~3

20%~30%

(atmospheric cycle)
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( )

(
26xl0i 5t

0.05%

( ) (
700x10^), ( 35xlOi 2

t)

( )

#5 ( ^
20xl0i 5

t) f5

( 2-11)

2-11

1 9 260~280^18/8 1978 330^ig/g

(greenhouse

effect),

<- !

f

1
——_i

C02

I

• 35 •



(
r:

79% 38\10
61

98%

1400 t Hutchinson

lg/(m
2
*a)

5400 t 760

t 1 1

( 2-12)

(sedimentary cycle)

2-12

• 36 •



( #

r:

(ATP)

E

I
( 2-13)

,

2-13

(
(H2S) (SO2) (SO4

2

)
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( 2-14)

S02

i

so.

I—

2-14

(information) (information transformation)
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'

1.

2.

3
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3.

IT

^ I

4.

2-15

5

()

(
2-15

1)

2) ()

<

_.Jim.

• 40 •



3)

4) ()
5) ()

1.

2.

(ecological factor)

(direct action)
'

(indirect action)

(leading factor)

3.

• 41 •



4.

""

5.

6.

""

7.
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(ecological equilibrium) (ecosystem balance),

""
•

( 2-16)

( 2-17)
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-

2-16

¥

Q

2-17

"" ecological threshold)

(ecological crisis)
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(sampUng)

(sampling units)

(quadrat)

1.

(selective sampling):

2.

(1)

(random sampling) "" ""
()

Fisher 2-18 A B

(4 4) (55 25)

• 45 •



10 20 30 40 50 60 100 1000

-J-

B

A=(4 4)

B=(55 25)

2-18

(2)

(systematic sampling)

(regular sampling) 50m

50m

(3)

(strainted random sampling) , (systematic-random

sampling),

2-19

9 C,

/

(Chapman 1976)

(4)

(stratified sampling)
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j Yi
-11

Y,

1

Y:

X2

Y3

! Y4

V,

X5

X6
•

Y7

X7

Ys .!
Y9

X9

2-19

(5)

(cluster sampling)

30kmx50km lOmxlOm

40mx40m

16 lOmxlOm

(6)

(sampling for environmental variable)

5

5 5

5

(7)

Wisconsin

(plotless sampling)—
fit, \ I -

(closest individual method):

(nearest neighbor method): ( 1 )
(random pair method):

( 1 )

• 47 •



(point-centered quarter method):

4

1956 Cottam Curtis

1.

2.

-- -

""
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1. -
( 5 % )
-

2.

N

t 95% f=1.96; L

30 (WrattenandFry 1980), 30

3.

5% 10%

lOOOOm2

,

5mx5m, 5% 500m2

500/25=20
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(agricultural ecology, agroecology)

(agroecosystem)

(natural ecosystem)

( 3-1)

""
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J

3-1 ( 2001)
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20 70

(

( )
• 52 •



(

()

…… ……

(
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"" " "
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'

(

( )

( )
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( )

(

.

1.

1)

2)

3)

(
)
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( )

2.

1)

(
) ( )

2)

3.

(value flow),

1)

• 57 •



2) ( )

( ) () (
)

4.

( )

r:

" "

' (
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(ecological effect)

(economic effect)

(social effect)

1)

"" ""

" "

""

• 59 •



2)

3)

( ) ( )( )

(
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(
i

i

1

i

3-2 ( 1999)

(

3-2

( () ( )3

9

• 61 •



( )

- (
(spatial structure)

1.

2.

6

1-1

1-2

n-1

n-2

7% 229.5kg

m-i n-2
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( f

( )

100~150kg

3
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(

3

(food chain)

—— ( )

() I ( ) ( )

( &

( )

1.

1)

• 64 •



1.7~2.4 15kg 1

20%

2)

159g 4 15 90.3%; 1.5kg;

50% 15g

3)

^ $ ^( )

()

^
4)

( )
6

""
2.
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3

1) ()
2)

——

( ) IS— — —
3) ( )

( )

1)

2)

() ( )

• 66 •



100%

()

(energy flowing)

(natural auxiliary energy)

() ()
(artificial auxiliary energy)

(cycle of material)

^
• 67 •



5 97%

( 3-1)

3-1

S&

(

• 68 •



(

3

'

(

^
( . .

• 69 •



(ecological agriculture)

" " "" " "
(

) ""
20

51 150

2000 ( )

" "
1^

"21 "

20 60
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" " ""
1981 •

"" 1984 *
" " 1987

(WCED) "2000 " 1988

(FAO) " " 1991

FAO " "
1992 WCED

21

14

20 80 ""
( ) 80 ""

"" " " " "
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(

1.

20 30

80

2.

20 70

3.

20 90

()
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1996 FAO

" "
" "

" "

3-3

20 80

1993 12

7 " "
1993~1997 4

50 120000km2

1.25% 50

• 73 •



(
"" (Chinese ecological agriculture)

1)

2)

3)

( ) () ()
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(
20

1)

2030 15 ~16 1.3

hm2
10 25 hm2 20%

70%; 400kg

2)

3)

4)

5)

()

• 75 •



(

1)

2)

3)

4)

.
(

1)

2)

3)
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4)

5)

6)

7)

8)

9)

10)

(agricultural ecotechnique)

(

1)

2)
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( )
3)

4)

( )

5)

6)

C4

7)

8)

9)

10)

11)

12)

13)

3S

14)

-

(
21

6

• 78 •



1.

2.

r:

3.

21

4.

21

5.

21" "

6.

""
" "" "" "

• 79 •



(

40 30km

4%, 42.9% 36.8%

(

""
1992

-

(

• 80 •



(

(

" "

(

USI

(
(integrated pest management, IPM)

1966

• 81 •



"
" 1975

"

"""

(ecological agriculture model)

10

(

1.

1)

• 82 •



2)

3) "" " "

2.

1)

2)

"" ""
( 3-4) ""
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(

( (

(

"^(
3-4 "" ( 1999)

3)

""

4)

5)

( )

(
2/3 70%

1/3

1.

1)

• 84 •



2)

3)

4)

5)

2.

(1)

" ^ "
" "

(2)

20 80
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(3)

(4)

(

1. "" ""
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2. ""
""

3.

S (
""

1.

1)

800

50

2)

3000

460

3)

47%
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4)

5)

2.

(1)

1)

2)

3)

(2)

1)

2)

(3)

1)

2) ()
()

(4)

1)

2)

3) ( ) ( )
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()
4) "" """" " " "

" "
(

80%

1.

1)

( ) (
)

2)

'

3)

4)

"" 80%

"
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10% "" 80%

r:

()
( )

"" " "

2.

(1)

( )
( )

(2)

2m

""
" "

" "
(3)

1)

2)
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3)

" ()"

4) 3~5" "
(4)

()
1)

" "

2) r:

r:

r:
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(forest ecology)

19

Heyer

1895 Wanning

20 Mayr

20 20

( )
20 60

70 ——
1992 " "
21

2000 " "
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(forest ecosystem)

(

1 .

300~600mm

2 .

30°~50°

• 93 •



3 .

60~70m

4 .

25°~40°

1~2

5 .

11^5

4-1

( 1979)

• 94 •



6.

23~28t 2000mm

90%
45 000 ( 4-

1)

.

(
10 27 560

8 ( 4-2)

4-2
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1 .

127°20' 49°20'

-2~-5.6t 400~550mm

(Z^Atc gmW/m'O

500~1000m

450~600m

2 .

-30~-35T

600~800mm

()
()

700~1100m) 900~1500m) 1100~1800m)

(

3 .

32°30'~42°30' 103°30'~124°10'

8~14t 500~1000mm

5~9

>h

4 .

• 96 •



15~20"t

1000mm,

5 .

4°

5

22t 1200~2200mm

(P/som'fl ^^/1'((5«^^2/"^/0 spedtwa)

6 .

35°~51° 16

2500km

4

1500~2000m 2000~2500m

2500~3000m

7 .

• 97 •



200mm

1500~2700m

2500~3300m

8 .

0~8T
3000~4200m

ISOOm

1800~2400m

2400~2800m

2800~3600m

8.3X10iDt

5.3X10iOt 64%
2.83 XlQiOt,

53% 180X10'\

160X IcTt, 90%

0.2%~0.5% 3%
3.5%

1)

• 98 •



2)

( 4-1)

4-1

"""^^^
/cm

/(t/hm^) /(t/hm^)

20 14 94.5 270.0

6 2 3.5 0.5 13.2 33.8

8 4 1.5 2.5 38.6 105.1

6 2 2 2 36.1 109.2

^ 3 2 1 13.9 27.5

1 1 1.3 2.0

1982

3)

Femow Harrington Abbe 1893

1~3T

4)

" " " "
" " " "

5) ( 4-2)

30%~40%

4-2

/(q/hm2)

q/hm %
24.9 21.2 3.7 17

27.4 23.8 3.6 15

22.1 19.8 2.2 11
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24.2

21.8

1^ 19.3

1976

6) 50m

20~30dB, ""

8~10dB

7)

(individual ecology)

18.8 5.4 29

18.5 3.3 18

17.2 2.1 12
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(

( )

(

50

21

1 .

(1)

10~2(VC

20~3(n:

• 101 •



( )

(2)

(3)

(4)

2.

(1)
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(2)

(3)

(

1 .

( 4-3)

4-3

1985
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2 .

.
3 .

4 .

5 .

• 104 •



6 .

f5

(forest community)^

(stand),

(community ecology)

(
1 .

(1)

(species density)

• 105 •



(optimum

density)

(2)

(niche),

(3)

(species diversity)

2 .

(1)

(vertical

stratification) tree stratum) fmticose stratum)

(herb layer),

.

(2)

(climax community)

• 106 •



3.

(
1 .

(abundance) (density) (dominance)

(frequency)

(crown densityX )

2 .

(1)

(stratification)

( 4-3)
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'

(epiphyte) (parastic plant) (liana plant),

(interstratum plant),

(2) '

(age-distribution)

20

10 5

(even-aged forest), (all-aged forest)

3 .

4-3 ( 1989)
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(1)

(2)

.

(3)

(4)

'

(5)
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4 .

(1)

(aspest)

(2)

6

1)

2)

( )( )
3)

4)

5)
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6)

(3)

(forest

succession), ^^*
1)

(orimaiy

succession) (xerosere)

(hydrosere)

l~3m

Im

. 111 .



(fire succession), (logging succession),

(grazing succession) (abandoned field succession)

(
4-4)0

L

()

—— ifci:

1^

~ »

-

"^>

,
,^^

>

4-4

• 112 •



2)

(progressive succession) (reprogressive

succession)o

( 4-5)

M
rs

() ( )—ar?

()

-

•>

• 113 •



4"
#H

J]

()

J ( )

4--

< ()It?

4-5

(

1 .

(1)

• 114 .
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1-…"



" "
(2)

(3)

2 .

(1)

(2)
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(3)

(

1 .

(1)

(2)

(3)
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2 .

(

1 .

(1)

(2)
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(3)

(4)

2 .

(
(preliminary thinning)

• 118 .



" " ""
1

.

2 .

(1)

l~2m

3~4m

(2)

• 119 •



'

(3)

3 .

(1)

(2)

(3)
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(
(secondary forest)

1 .

2 .

(1)
'

(2)

• 121 •



(3)

() ()()

(
(harvest cutting)

1 .

(1)

()

(2)
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2 .

(1)

(2)

(3)

(4)

3 .

4-4
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4-4

1-lOa 10~20a

25%~30%
50%

100%
10%-25%

10%~40%
10%~25%

50%

3-5a 3~5a 10~15a

1998

18

01msted 1857 1881

19 Simonds Jensen " "
Jensen

24hm2

Shelpheard Hackett

1969

Mcharg

20 60

90 Hill

20 50

60 "" 70
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80

" "

(1998)

( )

1)

" "

2)

3)
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(
1)

" "

" "

2)

" "
3)

4000hm2

200m2

(

-

(

lOhm2

(

• 126 •



(

Meier

( 4-6)

25%~80%

2 3 4

1. 2. 3. 4. 5. 6.

30

15. 00

1. 2. 3. 4. 5. 6.

4-6 Meier

8

6

4

2

8

W,



(

300

38%

(

(
•

(
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(

(
1

.

^
""

2 .

""
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3 .

4 .

(

1 .

""

(/^/CMJ altissima), 0^ benjamina), eWfg/osa)
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2 .

""

3 .

""
4 .
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(grassland ecology)

(
(grassland) (meadow)

5X107km2
33.5%(Horton

1979) 4.0X10\m2
41%( 1992)

( 1996)

(Horton 1979, Snaydon 1987)

(

(steppe) (prairie) (pampas)

(velds) (savana)

• 132 •



(Agn'o>Ton)

(

(
1996)o

1)

2)

(Ovington 1962)

3)

( 19%)

(
() ( 1990)

1)

• 133 •



2) -

3) -

4) -
5)

6)

7)

8) ()
9)

(
20 60

20 60

1971

• 134 •



Spedding

70~90

( 1996)

20 70

80 Spedding

( 1989) ( 1991)

( 1980 1990) ( 1985

1989), ( 1985)

( 1988) 1991)

1991) 1998)

( 1992)

5X107km2
33.5%

15%~20%

—
( 1997)-

- 135 •



(natural grassland) (artificial grassland) ( 5-1)

f

5-1

(Davies 1960),

Tansley(1939) " "

(
1987)

• 136 •



( 1987)

(
1.

( ) (
1979)

(pomeHKO 1959)

Lieth(1972 ) 900

( 5-2)

lm 1*5

5-2 ( 1999)

1. 2. 3.

• 137 .



30 25 20 15 10 5 -5 -10 -15

/'C

5-3

(
1999)( 5-3)

2.
'

(1) ()
E. M. JIaBpeHKo(1940)

60% 2000kg

Im2
20

40%

1000kg Im2
15

15%~20% 200~300kg

• 138 •



Im2
11

( 1979)

(2)

JIpomeHKO(1966) I. n.( ) m. IV.

(3)

28° 51° 23

74° 127° 53 4X10Vi2

4 (
) 4

5-1

5-1

>io"t: 1600-3000 200-2000 2500-4500 800-2700

1mm 150-450 10-200 10-200 200-600

-

4100 4385 3900

(

1.

(
I960)

Bft

m- M

• 139 •



2.

(1)

A. JI. memncoB(1938)

5 gp: I. n.

ra. IV.

V. ( 5-4)

.

() ( (
5~4 ( lUeHHKOB 1941)

(2)

JI.r.PaMeHCKeH(1929) I.

n.

(
1.

• 140 •



2.

Ellenberg

Mudler-Dombois(1967)

(

1.

(1) .

1)

2)

3)

4)

5)

(2) .

1)

2)

3)

2.

1)

2)

3)

4)

• 141 •



43% 75%

20 70

"" ( 1995)

( )

(pasture) (lawn)

1.

2.

()
( )

142 •



1~3

( 1996)

(
1.

2.

1) ( 5-5)

""
2) ( 5-6)

3) ( 5-7)

4) ( 5-8)

• 143 •



5) ( 5-9)

3mm

5-5 5-6

5-7 5-8

5-9

6)

• 144 •



'

7)

3.

(1)

(2)

(3)
'

4.

8

1) 2~3

2)

• 145 •



3) 2~3

2~4cm 4~5cm

4)

pH

5) 4

6)

7)

8)

(

150 30

4.0X10\m2
41%

3 1990 1964.07 25.63%

• 146 .



(

(IS) ( )

(

( )

20 80"" 20

2000 10

(

47% 77%,

2 54% 70.3%

3~8 58.5% 88.5%

• 147 •



1mm ( 5-10)

^ ^

1)

0~50cm

5.22X10\g^q4.74X10\g, 657.72kg 815.28kg

2)

150~200kg 3

150kg 330kg

3) ^

5-10 a^/i«m)

(

(



1)

1.5g

0.9kg 0.75kg 50m2

2)

3)

4)

1975~1976 3~4

13 1/3~1/6

(

125~8000Hz

20m 2dB

250m2 2~3m

10dB

(

1)

50%
2)

20%

3) 3~5

6~6.5t

(

• 149 •



1984

(
(grassland ecosystem)

( )
(

1996)

(

5-11

• 150 .



(

(

(

(

5-11 ( Cook 1970)

(biotic component),

(abiotic componenOo 5-12 ( 1996)

5-12 ( 1992)

• 151 •



(primary production)
, (secondary

production)

()
( 1987)

r:

""

30~40

• 152 •



95%~97%

f§

1.

2.

.

• 153 •



3.

""

4.

""

r:

" "
" "

• 154 •



(
41%( 1996) " "

( )() ( 2000a)

( 2000b)

10 2X107t

20%~30%""
A

10 2400 ~2900

• 155 .



4~5t 12t

18% 28%
100 13%

1000 50001

""

(

1971

10.6% 88.5% 10.8%

0.7%

38%~93%( 1991)

20

( 5-2) 1990~1997 89.8%

83.4% 170 t 450 t 2.84 98 t 2301 2.34

5-2 ()
+

1979 100 94.26 2.16 3.58 16.64

1

1985 100 93.98 2.65 3.37 15.61

1

1990 100 90.75 5.00 4.25 9.82 1

1993 100 88.50 7.24 4.26 7.70 1

1997

. 156 .



( 1996)

(forage grass)

(

[ (D)

(A^a) 0= AyA^X100%
(DM) (OM) DDM=DMa/DMoX100% Z)oM=OMa/OMoX 100%

]( 1998)

(

(Tribe et al. 1963)

(Ferguson 1963) 3%

30% 20%~40% 65%~85%

4%~30%, 20%~30% 10%~30%

Spedding(1969)

( 550^ig/g) A D
5-3 5-4 ^

• 157 •



5-3

m 0.26-0.42

1.98-2.50

0.4-1.0

0.09-0.25

it 0.13-0.75

0.10-0.57

0.39-1.30

50-200 ^18/£
22-200 ^ig/g
15-60

5.4-8.5 ^£/8
0.15-0.16 J^lg/g

m 0.22-1.45 Jlg/g

*

0.1-1.0 Hg/g

0.3-3.5 Hg/g

2-16 ^ig/g
0.6-1.2 Jig/g

* ""
(Whitehead 1966)

54

m 0.25-0.40

2.09-3.11

1.36-2.10

0.18-0.24

0.24-0.36

0.12-0.41

0.62-0.91

117-291 ^lg/g
51-87 ng/g

25-29 ng/g

7.3-8.7 ^lg/g
0.13-0.24 Hg/g

0.14-0.44 ng/g

0.64 jig/g

0.005-153 Hg/g

5%~10%

(Whitehead 1966)

( ) ( )

. 158 .



(Calderbank 1963) ^ (
D )(Spedding 1983)

( (CervMS )
(Harrison Matthews 1952)

(Bickoff 1968)

(Gamer 1963)

(
( 5-5)

5-5 ()
/%

1%
/% /%

(

14.6 6.6 46.2 20.5 12.1 19.83

13.1 3.4 47.2 28.7 9.6 19.59

9.5 3.7 48.7 28.9 9.6 18.61

1980

( 5-6)

5-6 (
/m

400-1900 33 8.08 2.21 33.99 9.15 46.02 0.43 0.26 56

2000-2900 4 9.61 2.79 33.12 7.27 45.19 0.23 0.23

3000-3900 28 8.97 2.52 36.20 5.97 46.94 0.21 0.21 70

4000-4900 10.73 2.88 31.62 6.12 48.35 0.18 0.18 11

1993

• 159 •



(

1)

2)

3)

4)

5)

6) I

7) ()
6%

6%

(leimocole)

(

6 20( 1990)

1. ^
• 160 •



^ (10
6/ml McDonald,

Edwards and Greenhalgh 1966)

(ruminant)

75%~80% 50%
11

(Underwood

1962) ^ B

(Phillipson 1963).

2.

Eyles(1963)

10% 30%

(

• 161 •



42~196.5

29.2~618.2 (
1990)

US/IBP

108~720mg 0.15~3.55g

0.10~0.12g

3~4

3~50 ()0.024~0.4g/m
2

330

2.6g/m
2

- (

146g 333g Ig

15.1~17.3mg/m
2

6.8~11.3mg/ni
2

;

38.7% 23.1%

(
30

1983

• 162 •



35.6%, 1995 60.1%( 1997a) 01deman(1981)

34.5%

(stocking capacity)

1989

" " ( 1994)

( 2000)""
( 1998)

( 1955)

40kg

(

r:

-2~26t( 1980)

50~130g/m
2

(
) ( ) ( 1996)

() kg/(hm
2
*a)

t/(hm
2

• a) kg/( • d); kg/(hm
2

• a) t/( hm2
• a) kg/( • d) (

)

• 163 •



( 2000) ( 1994):

= X /( (1 ) X 365)

( 5-13) (A)

(B) (C)

5-13 ( Briske and Heitschmidt 1991)

Davies(1960) "" ()
( %

( 5-7)

S

$
I

164 •



5-7

(A)
I

Abrams 1961 (B) Ashton and Yousef 1966

I
Kon and Cowie 1961

4

44

E=P/(Fm+Fp+Fi)XlOO%

E (); (kg); Fp

(kg); Fi (kg); (kg)

()

(Brody 1945),

= / TDN( ) X 100%

(
(carcase)

(

(NX 6.28)

1
1 .OU 1 rk /.jU

g/lOOg 9.32 8.50 8.60 8.70 10.90

g/lOOg 3.78 2.20 2.10 3.30 5.60

g/lOOg 3.20 1.00 2.50 4.20

g/lOOg 4.90 D.UU 6.20 4.40 4.40

g/lOOg 0.78 0.40 0.40 0.80 0.87

g/lOOg 0.07 0.17 0.19

g/lOOg 0.034(A) 0.046(B)

g/lOOg 0.18 0.10 0.09 0.14 0.19

g/lOOg 0.01 0.02 0.015(B)

g/lOOg 0.06 0.02 0.04 0.15 0.14

g/lOOg 0.12 0.06 0.05 0.12 0.15

mg/lOOml 0.2 (A) 0.77ng/g

J/lOOg 4.19X10* 1.97X10* 1.92X10'
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(
)

( )

( 5-8)

5-8 )

20,7 3.8 1.5

65 20.9 6.2 1.3

18.3 18.9 0.9

62 19.3 18.3 0.9

15.6 30.9 0.9

62 18.7 17.5 1.0

Spedding 1971

(NX6.25)

£= / X100%

= (MJ/)/ (MJ/

xioo%

(

( )
20

Ferguson(1962)

(NX6.25) 8%( )

18~24 400kg 22kg

(warblefly)
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20 60

10%~20% 5.25kg 0.5%~1.0%

1/3 1.3Xl(Aim
2

6.7X10W 2.0X 10
5hm2

5 ~6
20^ 50%,

1~1.5 30% 30% 40%

1970~1978

28.21%, 1979~1989 144.4%, 20 70

14% 1989 27.2% 1978~1989

11.2%. 20.4% 5.3% 2.7% 30

10 1kg 80 1kg (
1993)

1/3 30%~50%

3.69kg/hm
2

0.45kg/hm
2

4.04kg/hm
2

7.02

30%, 1/10 1/20 1/50

(
1996)0

• 167 •



(
1999)

Spedding(1971)

5-14

(levels),

0
""

"" "" decontamination)" "
""
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"" " "

5-14 ( Spedding 1997)

Lotka-Volterre (
1996)

drb 1 6t =Gb(rb-rb2-rb''o)

dro/d/=Go(ro-ro2-rbro)

rb ro

""
Gb Go 5-9

V 7

V

V

VA

IS

I

X
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5-9

;S

0.4281 0.7143

0.1071 0.1190

14 0.0441 0.0634

21 0.0225 0.0431

28 0.0064 0.0242

35 -0.0036 0.0511

42 -0.0065 0.0491

BASIC

10 REN COMPETITION BETWEEN RYE AND MILKVETCH

20 PRINT "SOWING DENSITITES IN ROW ICM"

30 INPUT Dl D2

35 PRDnTR PRESm PRINT

40 LET S1=3.0*D1

50 LET S2=9.0*D2

60 DIM P(D, R1(I) R2(I)

70 FOR 1=1 TO 7

80 READ P(I) R1(I), R2(I)

90 NEXT I

100 LET 1=0

110 FOR 1=1 TO 42

120 FOR J=l TO 100

130 FOR K=2 TO 7

140 IF T>P(K) THEN 180

150 LET Gl=Rl(K-l)+(T-P(K-l)*(Rl(K)-Rl(K-l))/7

160 LET G2=R2(K- 1 )+(T-P(K- 1 )*(R2(K)-R2(K- 1 ))/7

170 GO TO 190

180 NEXT K
190 LET S3=S1*(1-S1-S2)*G1*0.0)

200 LET S4=S2*(1-S2-S1)*G2*0.0)

205 LET S1=S1+S3

207 LET S2=S2+S4

210 LET T=T+0.01

220 NEXT J

230 PRINT I Gl G2, SI, S2

240 NEXT I

250 STOP

251 DATA 0 0.7143, 0.4286

. 170 .



DATA 1 IQO 0.1071

253 DATA 14 0.0634, 0.0441

254 T-v AT"

A

DAIA 21

,

U.U4J1 U.UzZj

255 DATA 28 0.0242, 0.0064

256 DATA 35 0.0511, -0.0036

257 DATA 42, 0.0491 -0.0065

300 END

(
(degeneration) (desertification)

4.0X10\m2
90%

7.36 X 10W, 1.5X10^2

2.6X105km2 2.0X105km2
( 1993)

"" ""

( 2000)

( '

40 20

60 (
1997b)

• 171 •



( 5-15)

s*^

5-15 1997a)

( -

4.4X105km2

5.78X 10\m2

7.0X10\m2 3.33Xl(yW2

( 1999)

- 172 -



( ) ( )
( )

2

(

5 ( 2001)

1)

1.3%~0.07%, 7.25X105~4.5X105
kg/km

2

2)

3) '

4)

5)

• 173 •



5

5-10

5-10

I. <10%

n.
20%-35%

m.
35%~60%

1

IV.
60%-85%

2

V.
85%

(desertification)

1994

"
…… ''

" "'' 0.05~0.65

…… " ( 2000) ( 1998)

2.622X10\m2 80%
27.3% 1.607X10^2

61.3%;

2.046X10W, 7.8%; 3.633X105km2 13.8%;

2.332X10W, 8.9%; 2.138 X 105km2 8.2%

2.46X103km2

• 174 •



( 2000)

21

1) -
. 175 .



2)

+ +

( 1996)

(
2000)

3)

4)

(
)

80%, 60% 56%

5) ""
( 1994)

6)

( 1996)

7)

• 176 •



(
""

2~3

70 ( 1999)

(
-

392 km2

1/3 1/6

3~6 11~12

1949 50 5

2.0X10W, 423 1500 600 1987

• 177 •



(
(sandstorm),

20 90

(

3.4X107km2

1.2X10U2
13.6%

14.5g 5.29kg

73.3g 4 9.5kg( 1999)

A B

2553kg 130.5kg

100% (AToZ^rew'fl /7>;gm«efl)

53% 35% 11%

1)

r:

2)

• 178 .



3)

• 179 •



20 60

1989 Frosch Gallopoulos

" "

18

1989 Frosch Gallopoulos

" " " " 1993

Hawken

1994

1991 10 "(ecological sustainable industrial development)"

• 180 •



21

1997

" "
""

( 6-1)

"

6-1

• 181 •



" "
——

(Dalhousie University)Cote 20

( )
1990 " "

( )
" "

10

182 •



20 ""

Factor Four

——
20 50 80

2

16

(President's council on

sustainable development, PCSD)

20

1)

2) ""
3)

- 183 •



4)

5)

(-)

1.

2.

3.

""
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7-4 Gl>G4>(22>G5>(23

2i 24 xn

22 G3

TH

2l 24 G2 G5

7^4

Cd W C, C, Cv TH

Qi 1.0 0.8 0.2 0.7 2.7

02 0.6 0.6 0.4 0.50 2.1

Qi 0.2 0.2 0.6 0.2 1.2

Qa 0.8 0.4 0.8 0.5 2.5

0.6 0.4 0.4 0.3 1.7
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21-30 • 29.7 24.6

31-40

41-50

28.0

13.6

53.4

5.1
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>60 3.4 1000-2000 23.7

11.0 2000-3000 18.6

16.1 3000-4000 14.4

50.8 4000-5000 9.3( 18.6 5000-6000 4.2
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5
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86.4%,

13.6% 7-6

52.9% 38.29fc

18.6%
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/% /%
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10.8 6.3

1.0 12.5
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/% /% /% /%
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2
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50.99fc 65.3%

34.7% 49.2%

25.4% 22.9% 2.5%

7-10

/% /% /% /%

19.5 16.1 54.2 10.2

13.6 17.8 50.0 18.6

31.4 19.5 44.1 5.1

33.9 31.4 30.5 4.2

49.2 25.4 22.9 2.5

5.1 14.4 61.0 19.5

4.2 11.0 31.4 53.4

4.2 5.1 39.0 51.7

6.8 13.6 44.1 35.6

• 231 •



80.5% 14.4%

5.1%

(

8

4.8%) ( 90.7%)( 79.7%)

4.

Hasan

^
• 232 •



" " " "
""

( ) ( )() ( )
——

——

1)

( )
2)

• 233 •



( )

3)

4)

""
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1. (EEBC)

EEBC = MIN(WEC, AEC, SEC, EEC)

EEBC 4 WEC (
WEC= /

) AEC— (
AEC= / )

SEC

SEC=(l5,T,-hIe.)/lP.
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REBC= /

3. (PEBC) ,

(A/) —— REBC

(
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4. (DEBC)

7-2 ()

DEBC = MIN(DEBCi, DEBC2, … DEBC,)

DEBC (/) DEBC, i

DEBC, = &•/ A&/ (/) A i

[/( • )]
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5. (Tebc)

Tebc
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1 AHP

Tebc = min(Xi • EEBC, X2 • REBC, X3 • PEBC, X4 • DEBC)
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3.34X104t 41.5X104t
130X10't, 182X104t 57X104t SXlcA,
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t 3682 t 363 t

2~2.5L 5L
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300~500L 100~300L (824L)

(

700L) (600L) (450L); 1996

208L 287L 269L 128L

1/4 1/7
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1.35t, 3.6kg 0.9kg 0.23kg
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1 1-1
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581 4340 13.39

73 422 1 224 409 16.68
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1.5~4.5 7%~15%

.

Wilson Wills(1975)

( 11-2)
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(Lindenmayer and Nix 1993)
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hm2
17.0%

2.

( 12-2)

" - - ( )-" " - -- - "
12-2

'̂ +

^ - - -
3.

500 m
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100 m" "
""

20

(
50 hm2

33.5%

33 hm2
25.3% 3.93 hm2

41% 4

(

1/2

1.

10666.7 hm2

1947 1925.8

4.1hm
2

1965 7327.8

20

"
. 430 .



" ""

7~10mm

60~75t

2.

4000m 12 666.711111
2

3.

6000 hm2

127

""
1964 22

hm2
17%

" "
""

40 1200hm
2

3~5mm

( 1996)

4.

6666.7 hm2
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"" 40% 30

1.25%~2.5%

""

(

( 1996)

1.

1)

10~15cm

2)

(Trifolium repens (Dac^yZ/^y glomemta (L<?Z/Mm ;?ere/me)

3)

3800m

4500m

2.

1) ()

. 432 .



2)

3)

(7>7:/b//wm pratense)^ ~^ (Medicago

sativa). CSty/ofl/zf/ies guidnesisM,

(
1.

20 80 19.67

hm2 25°"" 90

1998

54.84 hm2 23.4%

1997

" " 25°

[ 25°

Wda villosa var.g/tzZ^re^e/u) 25°

(Pennisetum wViese) 2.5m ]
4500kg/hm

2

15 000kg/hm
2

33.3%
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4.8%, 61.99?s 85.3% 6.5%

8.2%
20 80

59.51% 35.11%, 1995 "" 6.67 hm2

1998

8.27 hm2
186 kg 310

1980

0.33. 30.62% 30%

( 2001)

(

3/4

1.

1.3 hm2
13.5%

300 60km

2.

3667 hm2
3.85%

3.

200 hm2

2 hm2
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4.

1.5 hm2

15.6%

16 t

8~10cm

5~10m.

0.11 hm2

69%, 4.56 t 3000t/(km
2

• a),

20 000t/(km' - a), 0.24cm

" "

(
1.

()
1)

20 50 " "
l~2km 10~20km

10%~15% 40%~50%

( 1998)

2)

( )

1 10 ImXlm,
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3)

20 30

( ) ( ' -) (
1999)

4)

9000kg/hm
2

2.

( 1999)

( 12-3)

1)

2)

3)

.
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12-3

.

( )

( 30-70cm) ""

Jit JSf

^
3.

(1)

""
. 437 .



It r: r:

r:

1.5m

15~20m
2

0.5m

(2)

1) ( )

2)

20~30cm

60cm 90cm 120cm

( )
Im
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3)

""

112kg/hm
2( P2O5) 224kg/hm

2

4)

" "
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4.

(1)

( 12-4)

(2)

124

\^^\
25°

25°

20°

15°

20°

15°

15°

15°

20°

20° .
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12^4

^\
B 3E

1

10°

m
1996

1) ( ) ( 12-

5) ( ) ()

12-5

---
--

^^^^^^^

25°

10°~35°

25°

25°~30°(
| 25°

^

2)
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( )

( )

(3)

( 12-5)

1)

2)

r #
'

L

- 12-5



; ^^
( 12-

6)

""""
12~6

/m /m

1.0-5.0 0.5-3.0 1 1-1 2.5 1 1-1 2.0

1.0-3.0 0.5-1.2 1 0.5-1 1.5 1 0.2-1 0.5

2.0-4.0 1.0-1.5 1:0-1:1 1-0.3

1.0-1.5 2.0-4.0

0.5-2.0 0.6-1.0 1 1 1 1.5

1.0-2.0 0.8-1.5 1 1 1 1

1999

3)

(
1.

414.6mm 70%

7 8 9

1)" "
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2)

""

3)

40%~50% 70% 3-5

4)

1949 8.5

1.8% 1994 37.6% 3400km2

1000 km2
660 km2

106 W, 1530 W,
( 1998)

2.

20 7

( 12-6)

«

——

<

——

j

12-6

0.7%~0.8%
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0.8%~0.9%

3.

""

(1)

""

""

(2)

(3)

1) .̂

X X X X X
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30% 70%

X X

X X

2)

20~30cm

50cm 2m X

3m X X

X

X X

3)

20~30m

""
4.

——

L

20 50

^^
1995

12-7 50~60
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"" " "

2

12-7

25°

25°
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(

"" ""
2000 " "
"" """"

"" ( )
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"" "" "" •" " "" "" ""
• " "

""
• "" "" "

"

(

( )

- 449 •



(

" "
• ""

•

4000" " """"
""

•

" "
•

13-1 M 1980)

•450-



( 13-1)

40%( 1989) 206 1949

1092 73. 8 km2

40% 35% 60%

1950~1997 910. 6X

loW,

• 451 •



( 1981)

50 km2

1

( 13-1)

( )
3~7

10~20 km2

12

13-1

1911-1920 1921-1930 1931-1940 1941-1950 1951-1960 1961-1970 1971-1980 1981-1990

1933, 1935, 1938 1958 1981

1921 1931 1954 1975

1917 1924 1939 1956 1963

1931, 1935 1954 1981, 1983

1915 1947 1976

1932 1957, 1960 1969 1985

1951, 1953, 1960 1985, 1986

2 8 1 11 2 2 6

1993

1981

1756 4596 147. 5

2.5 14.8

'

• 452 •



1963

5

1

m

3
330 62%

90%

116km

(

(

1951~1989 ( 13-2)

( 13-3)

1)

2) " "

• 453 •



13-3 1951~1989 ( 1996)

3) 30

5 12 000 km2

4

70%; 1500 km2
2840 km2

4)

1985 2000m3
/s 5000

mVs, 40%; 160 hm2

40% 500 t
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( IB-

S' 13-3)

1 hm2

300

m

3

13-2 :
9 /% /mm

48 3 40 3. 67

90 12 34 12. 50

2001

13-3

/% /mm • miin" /min /m' . km' ? ft • km-2

90 2.0 30 1352.24 5.183

48 2.0 30 1564.40 7.890

90 1.0 30 944.24 2.772

48 1.0 30 1224.46 5.517

2001

8 6
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1994)

25

(
( ) 1.2~2.3t/m3

(
()

1.

3~5m 10m ( )

2 ~3

m

3
/km

2

• 456 •



2.

1)

2)

3)

(
1)

2)

( ) 1949 30% 70

18.8%, 1981 129

1.3g/L 1978 45°

1979

. 457 .



(

( 13-4)

13"4

. .

p^TN /mm

>20 24 8 10 21

20-15 31 25 13 14-25

15-10 44 23 19

10-5 57 38 29 45

<5 71 49 28 42-100

1994

3 2~3m ""
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(
()

()

1943 1 3

213 1965 11 22

4 440 1000 1980

1985 1988 1992

(

( ) ()
( 1994)

()
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(
""

( )

24%

10.9% 50

1968

1982-1983 20

1977 1988

27%

206~ 1949 2155

1056 ( 1990)

1959~1961 1972 1978 1986 1988
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1) 1968

1984 5

1.8 ~2.2

2)

1483~1485 ( )
27 400

1689~1692 ( )
3)

96%

40% 70%

4)

5) 1634~1643 ( )
500

1982-1984 200

" "

• 461 .



( 13-4)

13^4 ( 1998)

1) ""
2)

( 13-5) 10

'

3)

4)

13-5 W

/km /cm /% /(t/hm2)(
>10 30 85 7.21

6-10 22 65 2.10

<5 13 45 2.11

<5 6 40 0.65

1990

•462 •



1)

2)

3)

8 ( 32.7m/s)

( 8~11 ) ( 12 )

( )
"" 1684

""
1989

17m/s; 17~25m/s; 25~33m/s;

33m/s

( 26*C

271) ()

5° 5°

15° 20°

• 463 •



1970 11

30 100

470 28 50

6300 3500

10

( 13-5)

10 r

1982 1984 1986 1988 1990

13-5 1982-1990 ( 1993)

8 20 40

5 gp:

1)

40~60m/s, 60~80m/s 80~100m/s" " "" " " 1660 9 8""
40%

2)

150~300mm 1955

1886 63 2500mm

2~4

3)
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Im3
lt

9~15m

5~6 3~7m. 1297 ( )8 3 "" 1603 9 9 " ……

"
5% 1970 11 12 ( )

7m 9 30

" " " "" """ " "
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(

" " " " " "
( 13-6)

13-6 ( 2001)

( 13-6)

5

5

3

2

2

1

1

(Y/

)

$s

• 466 -



13-6

I n

=
i+l^i!^

( )
( )

1990

(
""

"desertification", "" "" "( )
"

110 10 13 500

1/3

150 hm2
10 hm2

1/3

400 km2

" "
- 467 •



2cm 10cm 0. 5kg

2~4kg 0.7~0.8g/cm
3

30m/s

1998 4 22 75mm

60km 10~15km 10cm

3

( 13-7) 83. 6

1980 155 1994 30

1983~1992

50

20

1960 1964 1964 1972 1976 1980 1984 1988 1992 1996

13-7 ( 1999)
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25% 1998 1.25

4500 5500 420

11?

.

1986 Gteathea

1.6 hm2"" (
1993)
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(pest animal),

100

1959~1960 5000 19%;

1963-1964 15%, 1300 t; 1956

10% 20% 40% Cramer(1969)

13.8% 200~300

4000 20

40

(chemical control)

20 60

(comprehensive control)

" "

4

200
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()

(

lit

""
"" "" ""

(

• 471 •



i^^
(

(

" "
20

P- P-

1987 25%

P- P-

. (

4 48 10%

• 472 .



20

80 800

(allelochemics)

(

1.5%

Cotyedon

(

• 473 •



14-1)

14-1 (Headley 1971)

1

2 3

4 2 3

(ecological factor control), (ecological management)

(environmental factor

regulation),

• 474 •



(1) photo-factor regulation)

]^

(Carpow'/w is) 25°C 50%

14 20

( 15 ) (
1976)

(2) (temperature regulation)

(3) (water regulation)

(1^1/^^/;«'0

Mpamffl) ( 1979)

15%

17.5% 10.0%

• 475 -



" "

4?

(4) air regulation)

(5) (soil factor regulation)

( 1982)

(6) (biological regulation)

(TWc/iogramm^ spp.)

(Oiflp/uztocmsi'^s medinalis), (Gsm'm'a nubilalis);

{Heliothis armigera)
, (Z)!afraea venosata)

,

C/i/Zomiea infuscatella)

(i^MCOsma schistaceana) (Dem/raZ/m^ spp.)

70%~90%

(re^flratom^ papmosa)

20

60 —— 04mmflfMs sp.)

90%

(Coc">ze//fl wpfempimctoffl) !^
- 476 -



3

{Macrosiphum granarium), 5

6000~8000 5 ] !^

^
"" limited factor),

--

--
( ——

1991~1992 (6 15 )"" 7 1 5 6

6 7

1^
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(8 ) (
1986)

6 5

7 4 7 4

( 1995)

( ——

(

2

3

4

• 478 •



4

ilf

]^

(

(

( 1992)
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Troll

(
(landscape ecology)

3

( 15-1) ( )

( 1988)

( )

• 480 •



( ) ()

15-1 ( 2000)

(
Forman Godron(1990)

1)

()
2)

3)

4)

• 481



5) ()
6)

7)

(
)

( ) )

1 2 3 4 5

6 7

Troll 1939 " " ()
Troll

Troll

Zonneveld Naveh 20 70

Naveh Lieberman(1984)

" "

20 80

Forman

"--" Burgess Sharpe (1981)

1983

AUerton

AUerton
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21

spp.)

O^^spedezfl Wco/or)

04/m>/p/w fruticoso) (LcMVflcmz glauca) ,

(Crotolaria muero)

-- -
( 1990)

( )

( 1993)

( )
(patch): ( )

(corridor): (matrix):

• 483 •



(
1.

'

1) (disturbance patch)

()

( 15-2)

2) (remnant patch)

""
( ) ()

• 484 •



ax

ax r\-

\ 1
1 \

15-2 (FormanandGordan 1990)

3) (environmental resource patch)

4) (introduced patch) ( )

. 485 •



2.

(1)

( )
() () ()

(2)

1) lll^ S-CAZ, «5
A C Z logA log>S

0.1 8-0.35 •S 4 Z 10

2

100 4 1000 8

10 2 2

1-4-3.0 10%

50% 1% 25%

1967

lil^

>S (/)

• 486 •



s=y(+ -+ - +)
+ -

2)

1^5

11^5

( )
s=/[+ -(+) + + + - - ]

3.

A

D

-

-
1.5hm

2
1.5hm

2

' • 487 •



4.0hm
2 1.5hm

2

() 19% 75%()
4.

(

( )
1.

• 488 •



""

2.8km

2.

'

3.

• 489 •



(
)

( ) (
(

1.

50% 50%

()

( )
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?

2.

(porosity)

""

( 15-3) (
)

[15-3(a)]o

[15-3(b)]

15-3 (b)~(e)

1 2 3 11

4 1~11(

)
[15-3(f)]

15-3 (g) (h)

2 15-3(b) [ 15-3(g)

]
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(e) (f) (g) (h)

15-3 (Forman and Gordan 1990)

M= P- a) 0; (b) 1; (C) 2;

(d) 3; (e) 11; (f) 2
M P g) 2 h) 2,

() ()
Franklin Forman

(
)

Franklin

(

( )

• 492 •



1.

"" T L

2.

(Levins 1968),

4hm2 ( 15-4)(Deveacaux

1976) 7 hm2
(Leduc

1979)

^»m.

15-4 (FormanandGordan 1990)

(
( (

) ( ) ""

• 493 •



( )

(

1.

- 494 -



2.

3.

4.

(
" "

1-

1)

2)

( )
3)

• 495 •



^
( 15-

5)

:UU*
1«

a dMtitft xft

ilJ

4

n
UlSSS^ ^gJS^, ^

15-5 (Forman 1983 EkologiaCSSR)

4)

2.

1)

2)

• 496 •



3)

4)

5)

lkm

6)

( 15-6)

7)

• 497 •



•••

\ A B

B

A

15-6 (FormanandGordan 1990)

A B ()

A B

8)

""

3.

(1)

( )
3"" r:

() ( ) (
. 498 .



r:)

(2)

(3)

()
( )

( )
(4)

( )

1996)0

1976

1987 5 6 6 2

435

hm2

• 499 •



(
1.

Forman

Gordon(1990)

12

( 15-7) LT-SRO

DT-SIO

( )
( )

2.

12

15-7 LT-SRO LT-LRO

( LT-SRO) ( LT-LRO)

( )
15-7 10
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) ft

w»>)

15-7 (FormanandGordan 1990)

3.

( r

) ( K

/1 /!
/1

( J-

OT-LRO

K A
I A

OI-LIO

l/io
" II

.

«
«[

•

A,l

—

. 501 •



)

4.

'

Gause

( )

(
) ( )

( )
,
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""
( )

(
1.

2.

. 503 .



3.

1)

2)

3)

(

( )

A B C D A fi C D fi

/1 C Z)

. 504 .



"" ""
45 26

""( 57.8%) 100km 75%

( )
( ) ()

(Risseretal. 1984)

( )
"" ""

• 505



90m

(
( )

100%

""

" "

• 506 •



(

(

Laszlo

• 507 -



Kosuer

(
——

( )
Troll""""

4

' 1) () ( )
2)

()
3)

4)

" " ""

" "
. 508 .

\



(
" """

5

1)

Im

2)

3)

4)

5)

. 509 .



-
"

( ) () ( )

"

13

" "

( )

10 000km
2

lOOkm2

, 96 1.9X10km2

1 10 000~1 30 000
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95%~99%,

lkm2

10~15

7~10

3~5

( )

""

3

. 511 .



( 1989)

b, C, ^…) / a

b, C, d…
""

" "
"" Pixels "

"

""

4

1974

()

• 512 •



(

Y=a{xrXQ)

y ( ) a

C, ()

S=aXij„rXQ'+bXijm-xo )

S 100%;

6

X(/ CO"

1962

1970 1978 (
)

Y=a+b{xo-Xi)"+c{xo-x{f

y CO Q

1954 32%
1978 1978 20%

1994 2015

2024

1954~1983

y=exp ( a{xo- Xi)

]

a (
) 1946 I960

1992
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SC,,-- 1936 1956 1974

20% 80%

1992( 1% ) 5.4%,

(10%)

1969 -- 1983

( ——

()
( )
() 0.04 0.08

0.08, 0.04

0.01

2.3

0.18;

0.16; 0.15
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(

() (
)

()
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r:?
(

)

(

5

( )

•

1) 2) 3)

""""
""

"
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•

•

( )

( )

3

() 13 (13 )10 ( 10)

4

"
"

?
(

)
()
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GIS

(GIS) GIS

GIS

( '
Haber

5

1) (RNU)(
)

RNU ( 15-1)

2) RNU

3)

4) RNU

5) 4 RNU

15-1 (

A -
A,

A2

A3 A, A2

A4 ()
B-

(

• 518



5 (GIS)

Haber 1972 5 (DLU)

RNU
10%~15% - RNU( )

10%

8~10hm2

DLU

DLU
DLU

(
^i^mmm^im^^, gis

Grossmann

4

1)

-
3

2)

-
. 519 .



3) (
( )

4)

" " (
)

MAB 6

(
)

(

GIS GIS

r: ()
()

• 520 .



(GIS) r: GIS

GIS #
GIS

( )()()

1971

Ruzicka

20

(
1.

1)

. 521 .



2)

3) ()
4)

5)

6)

7)

2.

1)

2)

3S

3)

3.

1) ( )

2)

3)

4)

5)

( LANDEP

(LANDEP)

• 522 •



1. LANDEP^^
1971

Ruzicka 20

LANDEP ( 15-8)

LANDEP

LANDEP

( )

LANDEP

2. LANDEP

(1)

1)

( )

2) LANDEP

( )()
LANDEP LANDEP

. 523 •



g-jig

15-8 LANDEP ^^Ruzicka 1990)

3)

(2)

LANDEP

1)

( )( )
2)

()
• 524 •

fi

«

»
2.

V
(r]

a

d3az\n
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(global change)— 20 70""
80"" ""

90

( 2000) (global change ecology)

" (
)"

(World Climate Research Programme, WCRP)
International Geosphere and Biosphere

Programme, IGBP)

(International Human Dimension of Global Environmental Change Programme

,

IHDP)

• 526 •



Vitousek(1994)

N

N
( 16-1)

16-1 ( Vitousek 1994)

(

(
(land cover)

(land use) ( 1999)
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(

() () ( 2000) 100

Vitousek(1994) 130Tg(lTg=10i 2
g)

lOOTg, 20Tg

10Tg 80Tg 30Tg 25~30Tg

135~145Tg (130Tg)( 16-2)

200

150

100

50

•

'

1900 1920 1940 1960 1980 2000

16-2

(

1945 20 1962 30

1980 44 2032 90 ( 16-3)

. 528 .



16-3 ( Gore 1977)

(

1000~10 000 (Wilson 1987)

(
2000) Vitousek(1994) Mooney (1994)

(

GCM(General Circulation Model) UKMO(UK Meteorological Office)

GISS(Goddar Institute of Space Studies) NCAR(National Center for Atmospheric

Research) GFDL (Geophysical Fluid Dynamics Lab) OSU(Oregen State

University) 2030

( 16-1)

1.5~4.5T

10 0.3~lt ( 60°

) 50%~100%( 4.5~6

(7>)

• 529 •



3 ( 8~12T:)

( 16-

1)

16-1 2050

GCM ^ /%

OSU 2.8 7.8

GFDL 4.0 8.7

GISS 4.2 11.0

UKMO 5.2 15.0

Watson et al. 1996

(

(chlorofluorohydrocarbons

CFC) ( 1994)

(effect of green-house), (green-house gas)

( )( ) (
)

16-2

CH4 N2O CFC

Oil/L) 280 0.8 0.288

(1990) nl/L) 353 1.72 0.31 0.0002-0.0003

0.5 0.9 0.25 4

/a 100 10 ISO 65-130

( CO2) 1 32 150 >10 000

a3~0.6t 10

56%

. 530 .



( 16-2)

44%, 11% 6% CFC 24%
3%

200 25%, 0.5%

Mauna Lao ( 16-4)

2030

20~100 (
1994) 1850~1987 C
115Gt(lGt=10i 5

g) t

C l~2.6Gt 0.2~0.9Gt k
1850~1987 C 200Gt

C

5.7~6.0Gt

( 16"4)

1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994

16-4 Mauna Lao CO2

I860

CFC

30

• 531 •



(
1)

( 1994)

C3 ( )
C4 ( )
C3 ( )

C4

C4 20% C4 75%

C4

2)

C N
C/N

2.3% 0.83%;

12.8% 4%0

3)

(

• 532 •



1

150~200km 150~200m

() > lot: 850

GISS

(

()

(

.
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——

4t: 15%

(

Im 11 800 2100

l~1.5m 1% 17.5%

IPCC

( C C

C C 1300~1600Gt C

• 534 .



(664Gt) C 120Gt/a 50%

50%( )
(Lashof 1989)

C (C pool) C (C fluxes)
'

(1) C

C
16-5 C C Holdridge

Im C
(PER)(potential evaperation ratio) C

(isocline), C C

C

C

C (bog) (wetland)

Svensson Rosswall(1984)

30%~40% r: (peat)

200~300g/(cm^ • a), (turnover time) 25~40 (tropical rain

forest) 930g/(m
2 a) 0.9

C

4 68 10 14 18 22

kg/m2)

16-5 ( Post etal. 1982)

C

C

C C
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C

C

C C C

C

C

C C 100

(2)

C (mineralization)

(soil respiration)^

(root

respiration),

50%, 20%~30%

210 101
2io=2 2io

Qio 2io Gio=2

2io=3.7

Pesterson (1975) (subpolar forest)

Moore (1981)

Heal (1981) (Taiga forest) -5~25"t

(desert),

C

C C

(3)

(anaerobic conditions),

C

(fermentative mineralization)

10cm

(tundra meadow)

• 536 •



(
(litter)

N
N

N

C/N

C/N

(ryegrass)

( ) (
( 8.9t) 4 2 (/^/m«

^yZveWn'

l~9"t: 500~1000nim 16

Dyer (1990)

( N

N ()
N N

(nitrification), (dinitrification) (volatiliz^ition)

N

N (N dynamics)o

• 537 .



0~30cm

20%~60%, C N

3 7%~54% 20%~50%

10

(active organic matter),

(low active organic matter) (passive organic

matter),

C N (clay)

Oades(1988) |i! (calcareous soil) C

42% C N

8

12% C 8

30%; 5% 8 C 50%

N
6Mt/a 3.5Mt

N2O 50%;

25% N
N N r:

C

(

(soil biodiversity)

(soil fungi)

. 538 .



(

(

• 539 •



(

C02

2t (permafrost zone)

205~300km 3t 25%

Emanuel (1985) Holdridge

(boreal forest) (tundra) 37% 32%
40%

(temperate forest) (steppe)

16-3

16-3

GCM

OSU GFDL GISS UKMO

939 -302 -515 -314 -573

3699 -619 -630 -962 -980

1923 380 969 694 810

1816 4 608 487 12%

5172 516 -402 120 -519

Watson et al. 1996

(desertification)
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""
""

100 1/5 () 6 hm2 41% 36 hm2

1984~1991 3.4%

5 (GFDL GISS

NCAR OSU UKMO)

4t
Emanuel

17%

( 164):

16~4 (:10^2
)

1950-1981
%

69.7

7.3

137.0

14.3

108.0

11.2

52.6

5.5

592.7

61.7

297.6

31.0

278.0

29.0

76.6 142.7 108.9 64.8 567.0 316.4 298.0

% 8.0

-6.9

14.9

+5.7

11.3

+0.9

6.8

+12.2

59.0

-25.7

33.0

+18.8

31.0

+20

+4^
%

81.3

8.5

156.4

16.3

116.2

12.1

109.3

11.4

496.8

51.7

381.9

39.8

348.6

31.3

+11.6 + 19.4 +8.2 +56.7 -95.9 +84.3 +70.6

+10%

78.6 146.9 108.4 78.1 548.0 333.4 312.0

% 8.2

+8.9

15.3

+9.9

11.3

+0.4

8.1

+25.5

57.1

-44.7

34.7

+35.8

32.5

+34.0

297.6X10\m2

69.7X10\m2
367.3 X104 km2

,
38.3%

278.0X10\m2
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1.5t

18.8X10^2 15.7X10\m2

20.0X10\m2
;

4

84.3 X lOW, 95.9Xl(yW2
70.6 X 10^2

8.3X l(fkm
2( 1965~2050 85 )

(
4000m

5~10

11 6

63

km2

(

• 542 •



(

1985 1994 6

240 1993 132 55%,

12518.3

5706 ( 1997)

(

(C3 C4 CAM) ( )
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(
-

(1996)

Farquhar

Caemmerer

(1996)

-Century 1980~1989

(1995 1996)

ZeUg ——NEWCOP (Northeastern Woods

Competition Occupation Processor) 34

(1996) Century

(1994 1996)

( -
(1989 1993, 1995) Penman Thomthwaite KIRA

Holdridge -
Holdridge

Holdridge- Holdridge-
(1996) -

(RTI) (RMI)- -
• 544 •



(1995) Holdridge

——Chikugo (1996)

Chikugo

(1995)

Chikugo

Chikugo

- --

-
-

"" -
--

- -
-

1) -
2)

3) -
4) -

""-- -
. 545 .



3

()
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——

(economic ecology)

20 70

20 20 MacKenzie

Carson 1962

20

70

—— #
t"r—ffll3aM?

Qikos, "" ""

i

" "

. 547 .



(

(

--

(
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(

(

'

(

(
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(

1)

2)

--

(

1)

2)

3)

4)

(
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3S(GIS RS GPS)

(

(

• 551 •



(

(

(

(

(
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(

.

( 17-1)

(

( *

17-1

(
1)

2)

3)

" "
" "

4)

_

• 553 •



5)

6)

7)

(

• 554 .



id

(

1.

(1)

""

(2)

(3)
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(4)

- -----
2.

-

3.

(1)

(2)

17-2

• 556 •



i-H (
i ^(
i(

(
(
(
(

17-3

17-2

17-2 X y Z A
H G F B C

Z) E X y Z

(3)

4

(

( 17-3)
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(
1.

1)

2)

3)

4)--
() ( )

2.

1)

• 558 •



( )
2)

( )
3)

(
1.

1)

( )
2)

6^

2.

1)

r:

() ()
2) , '
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3)

" "
0~1

3.

1)

2)

3)

4.

--
• 560 •



5.

(

( 17-4)0

<

~

17-4

1) ——— —
• 561 •



( )
2) — — ——
3)

4) ——————
()

(

( )

. 562 .



(
1.

2.

3.
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(
1.

2.

= /

(

(

• 564 •



(

1

500 5000

(

(
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(

90%

3%

300

100~200

80 i

1/4 ( )

(
70% "" 97%

3% 2.8% 0.2%

2.5% 1 100 40

60%

4260 t 14%

13 2400m3
1/4

350

m

3

100 2.4

1.5

I/4 21( )

(
1.

76 hm2
19 55 hm2

20

28 hm2

. 566 .



100 ~200 hm2
1950( ) (66%) (52%)

(38%) 1700 hm2
1976~1980 0.6%

1981~1990 1.2% 1500 hm2

1000 hm2

19.4% (31.4%) 61.78% 1949

246.7 hm2

2.

30 hm2 22%

( )

(
1.

2025 0.28 hm2
0.17 hm2

0.15

hm2
0.09 hm2 7% 21.3%

0.078 hm2
(1995) 1/3

2.

1/3 600 hm2

240 t

20 50~60 15.6

hm2
70~80 21 hm2

90

24.6 hm2
26 220 hm2

27.3%()

(
pH 5.6

. 567 .



(SO;^) (NO;^)

21 1.5 t 1.5 t

90%

1396 t(1996) 40%

"" ( )

(
90% (03)

(CFC)

1%
2%, 4% 2075 1985

40%, 1.5 1800

7.5%, 25%

(
CFC

100 0.4~0.6

2030~2050 550^1£/£
1.5~4.5<t

2025 10~40cm 2100

60~200cm 30%~80% 11}§

(

. 568 •



100 t 3%~5%

10

( 17-1) 2100 100

17-1 10

/ /a

10-20 1830-1930 100

20-30 1930-1960 30

30-40 1960-1974 14

40-50 1974-1987 13

50-60 1987-1999 12

(

500 ~3000
1600 724 3956 3647 7240

90%
1/4 20~30

10%

400
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7.7% 4600 15%

50 200 4

(

(
I

3! |g

( )()

""" "

(
"" ""
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20 80

80 73.8% 75.8%

22.7% 16.9% 10 1 16 1" " 70 36 1991 46

80

1996

20% 46 86%
82% 68% 140 80

10 60 48

3/4 2 6.14 50

(

(
) (

)

( ) 300

()
370

13 1/4

40%

1/3 3/4

(GNP)

• 571



60% 2m 1

47 6.7

( 17-2)

17-2

t '

(ecoagriculture)

(William) 1971

21

• 572 •



1991 (sustainable agriculture)

( )

20 50~60

•

1989 Frosch

" "

21

""

( )

(

. 573 .



(
1.

" "

2.

3.

4.

21

21

2000

• 574 •



80%

21 "

20 80 ""
1996

(
emergy) Odum

r:

(solar emergy)

(solar emjoules, sej)

(emergy analysis)

( )
(emergy indices),

. 575 •



17-3

17-3

( joules, kilocalories, BTUs( emjoules)( sej)( ) ( sej/J sej/g)( sej/time)

^^^^ ,
^ g fe ffl,& (GNP) (

/ .,
id.: sej/$)-

(
1.

( ) ()
(Odum 1996)

1)

2) Odum " "
3)

(J g $)

(sej);

4)

5)

(emergy transformation ratio), (J g)

1J

3

4 900

34 900/sej

• 576 •



(energy quality) (energy hierarchy)

( ) ( )

(sej)= (J)X (sej/J)

(emergy investment ratio)

=

(net emergy yield ratio)

/ (emergy/dollar ratio)

(GNP)

( )( ) /

GNP

/

(sej) = ($)/ (sej/$)- (emdolar value) „

(macroeconomic value)

""
GNP

6)

7)

2.

. 577 .



/ (sej/)

(
(human capital approach),

V t 1^, t

/V'

r f

( «

(YPLL)

YPLL = EY- DY
EY DY

YPLL

YPLLa

Y=Y, + Y2

F,=A/i(YPLLa)P,

Mi = NRiAi

Y2=M2TP2

Ml = NR2A2

y

• 578 •



^2 Ml M2

/?1 /?2

A2

Pi T

YPLLa

(travel cost method)

( )

(
"" ) 20 60

(
Clawson Knetsch

1)

2)

3)

""
e,=/(TC, Xu X2, … Xn)

2,

TC ^1 X2, … Xn:

. 579 .



4) ""
(

(individual model) 1973

Brown

V=fiJC, Xu X2 X3, X4)

V 2

0 1;

TC
'

(

A B A B

B

Freeman 1993

(random utility model),

Uji=AM-Cji, Qj Sd+Eji

Uji i j Mi i Cji i

2_/ & i

, 580 •



( )

(

(

( )
(

)

(

r:() ( )
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(contingent valuation method)

20 80

( )

(
(bidding games approach)

X

(
(trade-off games approach)

( )

( )

(
(costless choice approach)

• 582 •



(
Hoin Ville Berthoud

(
(Delphi technique)

^

()

20 70

dP

a„ P 2n

(market value approach)

• 583



(

V=q(P-C,)(®Q)-C

V P Cv 9^2
1; ®(2

" ( '

2

V = Pi+/^2)

2

V ®i2 /^
(opportunity-cost approach)

-

(ecological footprint) Rees Wackemagel 1992

EF = Nef

ef = I(aa,)=I(c,/p,)

EF ef /
• 584 •



aa, / Q/ Pi

i

(

t ®f t n 2i(0

Q2(t), … Qn(t)=mt), 22(0 … f

Q(t + (8)06 Q(t) (<S>teO)

(

/^(0=[/M0 /M0 -, /^(0] f &(0/
t (1' =1 2 -, n), v(0

v(0= Q^t ) X p^(o

v{t + A 0^ v(t) (A r ^ 0)

- -() ( )
(PC)

(MNB) (D)

• 585 -



17-5

17-5 MNB PC

A

A'

OXo

^0-^2 -
OXo

yo-y2--
PC

/A

1 \ v/ .
D

MNB

1

Xi X2 Xq X

17-5 -

(

• 586 •



(
1)

2)

3)

4)

5)

(
1.

1)

17-4

17^4

"IJCA

%

m2

kWh

• 587 •



2)

17-5

17-5

GNP

GNP

%

% ^()t/

3)

17-6

4) 17-7

17-6

t m3

t m3

%

t m3

t m3

17-7

S02 CO2 t %
S02 CO2

t %

t

dB

• %^^ %
hm\ %

hin\ %

hm2 %

2.

(
• 588 •



)
17-8

17-8

GNP
%' "

%
hmVA

%
%
%
%
%
%

GNP m3/ 1
GNP " ^

mg/m^

%

(

17-6 A

dx/6t = rx

A"
C dx/d/

X2

1
A(

1 ^^^"b{S

17-6

• 589 .



17-6 B

6x/dt = rx(\ - xA)

k k

S S

( 17-7)

17-7

(
(AHP)

1. AHP

1)

3

2)

• 590 •



:
A=(bij)nXn i j=l, 2 -, n)

A n: ~ t/, f/,

C 1~9

3) n

Ui, Ih, … ^^ e /1 n C Wi
W2, … W„

W=iWi, W2, … Wnf

U /
4) ()

2. AHP

1)

4

( 17-8) A

C Ci C2

C3 C4

/^E 7 ( 17-

5), Pm Pe2 … Pei; 10 ( 17-4)

Psi, Ps2, … Psio; /^R 5 ( 17-6) />Ri

Pr2, … P^; /^P 10 ( 17-7) />pi Pp2, -,
Ppm; /V 14 ( 17-8)

/Vi Pw2, Pw3,

' 591 •



c, C2 C3 C4

Pe Ps Pr p? Pwi W2 Pm Pw4

17-8

2) A-C C-P{CrPE, Pm CtPs, Pw2. C3-

Pr Av3 C4-PP, Pw4)o

3) Ci C2 C3 C4

A ( )
PePwi Ci Z^EW, PsPwi C2 Psw, PrP^3 C3

Pr^, /W^V4C4/^>W

Wc=(Wcu Wc2, Wci, Wc4)T

4)

(
) AHP

A

Wa=[WciWc2Wc3,Wc4]

Wa=[Ae As, Ar, Ap]

4e >i As

A/i

. 592 •



(

(
1)

2) ( )

3)

4)
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(
1.

1)

2)

2.

1)

2)

1:9 1 :3

( 17-9)

3)
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17-9

Vi lo. lO

TF/fl flXiM vL/JM ?^(^^^4?w / i?Xt?Tii^uriBj

7k XtIC

IT"^ N JUTxI-iR i(R"J^ft "^"CtTJ^iflL IWA
T raw 4&t> IXC /TJ

R)C

•JPC W/TJ

11^'?^12?*©

C02 02 C02 +02

+

4)

""

3.

1)

2)

3)

4)

5)

.
• 595 .



( )

(

( 17-9)

^
--

' > M 1

1

7-9

1.

&

• 596 •



2.

--

1)

17-10

17-10

2)

3)

3.

( )

(1)

1)

2)

. 597 .



3)

(2)

1)

2)

(3) ( )
1)

2)

3)

(4) ----
--

1)

2)

3)

• 598 •



4)

5)

4.

(1)

1)

2)

( 17-11)

3)

(2)

1)

2)
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17-11

5!jt|

K " tr?^ l^fm M
StjK 3^WJ JJ_ Dc not-*!* TV rc p^v^

^^ T
*^ tIc•HKi />i y\. O ^ -iJt fcli WL ^TlQ /Jv

it

W) )^¥i: 1; ^

|dE 'Ix rp )t£ (X.

^ifrB^^ B^f 1^9^^ ©@s/j MLv^JiiL B^iOv m TJ

t /| -tr/SBga

1

3)

(3)

1)

• 600 -



2)

3) ()

(
1.

1083 hm2

69% 10m

2.

11.72% 2.2% 22

0.04hm
2 38%

21.85%, 95% 1/3 4~5

3.

17.6%

2 19.4 m3 '

4.

30

13 30

• 601 •



2.9 TSP 6.57

7

(

2000

1 4

5 6

(

( 2 )

( 17-12) 20

0.04%~0.10% 0.07%,

30OOt/km
2

1999 1083 hm2
2000

4.5 20 84.6

0.071%

P

5 20 93.2

00131%, 3.5 20 56.1

20 233.9

50% Ihm
2

2

810

20 1043.9

• 602 -



17-12 1980~1999 ( hm2
)

JIEIHI

1980 949.6 284.0 399.0 266.9

1985 949.6 285.0 408.0 257.0

1990 996.5 299.0 418.5 279.0

1995 1061.0 318.3 424.4 318.3

1999 1080.0 324.0 454.0 302.0

(

( )

( 17-13) 1999

18 78.36 hm2
0.28

hm2
25.05 hm2

40.52 hm2
12.51 hm2

20% Ihm2

300kg( lOOkg), 1999 1.56 kg 2.03

20 17.96 30%

13 000kg/hm
2

9.8 kg 1460kg 1999

0.8 20 12.33

10% 1000

100 20 2000 1999

2.83 20 30.49

17-13 1980~1999 ( hm2
)

1980 60.90 37.80 21.30 0.91

1985 65.85 42.64 21.73 1.04

1990 72.60 47.20 23.96 1.01

1995 76.45 50.46 24.50 1.15

1999 78.36 52.10 25.06 1.20

1 hm2
6 80% ( 20%

) 376.13

406.62

. 603 .



(

20%

53.7 hm2
3.22 kg 3.86 20 77.2

8/hm2( 8~14/hm2
) 50%

2 14.8

292

(
50

11.7%

20 2.5 hm2( 17-14) 2

^fyhm
2

, 1999 17.6 20 276

30%

30% 15

30% Ihm
2

4 720

20 80 150 90

300 20 0.45

276.45

996.45

17-14 ( hm2
)

1980 1985 1990 1995 1999

1.5 3.0 6.5 6.6 8.8 2.5

(
376.39 hm2 95% 1999

3 3 238.2 hm2( 17-15)

15 000kg/hm
2

15%

- 604 -



53.59 kg 1460kg 370

200 1999 7.4

20 153 20

2.5 155.5

5 5/hm2
3-4

3

/hm2
180 hm2

540

695.5

17-15 3 hm2
)

1980 1985 1990 1995 1999

3 201.5 285.4 276.3 240.5 238.2

(
1999 75.6

hm2 ( 17-16)

35 hm2
300kg

1.05 kg, 1.26 20 24.18

1.85m
3
/hm

2
1999

33.3 m3
1.66 20 31.8

5000kg 1999 11.3 kg, 77

1.5 20 31.1

0.5

kg, 0.6 20 1.56 20

88.64

17-16 1980-1999 ( hm2)

1980 72.65 32.00 15.26 25.39

'1985 72.90 33.50 17.50 21.30

1990 73.15 33.60 17.60 22.30

1995 73.40 33.80 17.47 22.00

1999 75.60 35.00 18.00 22.60

50% Ihm2

10 378

• 605 •



466.64

(

( 17-17) 1998 1999

329.4 hm2
282.3

hm2
25.66 1990~1999 2106.4 hm2

1998 90 198 80 1986

1985 213.3 hm2
86.5

hm2
4.32 1980~1989 2248.4 hm2

1985

80 45.6 20

243.6

17-17 1980~1999 ( hm2
)

1980 309.6 135.5 1990 209.4 135.1

1981 270.5 179.7 1991 323.2 260.9

1982 179.0 101.3 1992 287.1 210.4

1983 174.0 86.1 1993 252.6 197.2

1984 191.7 133.5 1994 256.0 182.4

1985 2133 86.5 1995 303.4 249.5

1986 249.9 137.3 19% 195.5 136.8

1987 283.3 124.2 1997 335.8 2556

1988 127.1 43.8 1998 273.1 196.2

1989 250.0 164.9 1999 329.4 282.3

5 15

75

318.6

(

1999 44.16 21.2

21.35 5.7 () 20

- 606 •



424.2 153 334

114.3 1999 8.92

23.19 20 61.7

197.4

1284.6

(

1999

4256.8 3.53 62.87

10% 1999 6.64

20 49.85

49.85

17-18

17-18 ( )
1999 20 (

4.50 233.90 810.00 1043.90

2.83 30.49 376.13 406.62

3.86 77.20 214.80 292.00

17.60 276.45 720.00 996.45

7.40 155.50 540.00 695.5

5.02 88.64 378.00 466.64

23.66 243.60 75.00 318.60

124.52 1025.50 259.10 1284.60

6.64 49.85 49.85

196.03 2181.13 3373.03 5554.16
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(sustain)— sustenere, "" ""
1980 (IUCN)

(WWF) TTie WorWCoAwm;im'OM«Smzfeg};)

(sustainable development)

(sustainable ecology)

(

(ecological sustainability)
,

(IUCN)1991 " ("
(INTECOL) (IUBS) ""
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1991 (IUCN) (UNEP)

(WWF) —— (Paring for the Earth: A Strategy for

Sustainable Living), "" 9 9

130

(

^
""

" " Pearce 1990)

Costanza "

"
(

"
'' ''" ""

(
""
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(
1.

( 6 ~ 3)""
"" ( •

(Malthus 1820) (Ricardo 1817) (Mill

1900)

2.

(1)

20"" 20

50 Carson

1962

"
……

"
" "
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1968

1972

""

" "
" "

1972 113

1980 3 5 " " 1983 11

(Bmndland) (WCED)

1987

" "

Carson

" " " "

1992 6 183

70

21

" " 27
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(2)

1)

18 350 1 19

10 1 20

5 1 60

2050 94

2) 200

20 70

3)

(UNEP) (WCED) (CSD)

21
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Brookfield 1991

(
(fairness)
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(
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(

"" ""

(
(
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(need)
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21
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1.

'
'

2. 3R

3R

3R (reduce)

(reuse) (recycle)

1)

2)
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3. 21

UNCED 21

4.

UNCED "
"

(capacity building)

(
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(ecosystem health)

(

1.

(vigor),

Ulanowicz

(network analysis)

(/^s)(/n) Pts

(Pts=lry),/ni^s
2.

(resilience),

( GAP). ( CENTURY)

(RT) (MS

) MS/RT

3.

(organization),

r- k-
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Ulanowicz "
Tij

i

j

P(fl„ /7 / 7^

TV/T/^(fl,' bj), /^^7))— J'

Tj /r i PQ>j, TV

/(r,)^

I = Ti/TX log(Tij X 777}X r,)

Ulanowicz (A) (//)

A = TXI=TijX log(TijX T/TjX Td

H=(Tij/T)X\og{Tij/T)

(health

index, /h)

/h=yxox/?

/h

0~1 R

0~1

(
Rapport(1998) ( 18-1)

Odum(1985)

( / <1 1 /) (
) (r- ) (

)
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18-1

Sit

r-

0/-

- /+

+ -

Ra^jport 1998

(

Rapport(1998)

( 18-2) 18-2

r-

18-2 ( Rapport 1998)
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(Begon 1990)( ) ( ) (
)

(
(ecosystem degradation),

(

'

1)

(Chapman 1992, Daily 1995),

2)

3)

4)

(

1.
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2.

1995 Daily

( ) 35% 30%,

289fc 7% 1%

(-)

1.

(ecological restoration),

(Caims 1992)

2.

3.
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3)
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5)
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3 ( 18-3)

r r ^
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'
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^
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23

Cains(1997)

(
) Bradshaw(1987) ( )( )

Lamd(1994) () (

)
( ) Davis(1996) Margaret(1997)

( )
Costanza (1998) (

)
(Whisenant and Tongway 1995)

(ecosystem service),

(

950~1900/hm2 150/hm2(Edmards and Abirardi 1990)
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10

1.5~3 2/3

375%

148 hm2
14 hm2

134 hm2 10.8% 22.3%,

20

(

1945~1980 12 hm2
900 hm2

( 1%)

19.6 hm2

1.

(UNEP)1992 2/3 1/3

12 1.35

450~580 hm2
350~400

hm2
100~130 hm2

423

600 hm2

26 220

hm2
27.3% 24.6 hm2

2.

300 2701
30~40t

17to ()

3.67 hm2

38.2% 50 t 1cm
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4000 t

3.

2000 ~2500
hm2

2100 hm2

20% 2000 hm2
20 ~30

hm2

(

2025 0.26hm
2

0.17hm
2

0.078hm
2

1/3

(
1.

1950

100 ~200 hm2
18 lim

2 2040

19.4% (31.4%) 61.78%

O.llhm
2

,
15.96% 121

'

2.

30 hm2 22%

1/3

. 633 •



(

6

50 3956 3647

7240 90%
1/4 20~30

10km3
3500km3

35

49^~8%

( 69%) ( 23%) ( 8%) 20

100

40 3/4 1/5

2.4 1.5
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(SOi) (NO;c)

1.5 t 1.51
90%

1396 t(1996) 40%

(

(

100 t 3%~5%

(
(

CFC) 20 80

3% 5%~10%

UV-B
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( N^O )

100

25%, 100% W 8% 0.4~0.6"t

21 550^lg/g

2

1.5~4.5t 30~50cm

3 1000

19 150 1804 10 123

20 1960 30 1974 40 1987

50 1997 60

1

(
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1.

CSl'^ = f^Srwr (n=l, 2, … 5)

csr
i

1)

(AHP)

2)

100

Ci = Fi/FoX 100

C,/ Fo

2.

1=1

csr" i

n=l, 2, … 4

3.

CSV"" =^srwr
1=1

CSrv &env W,env
i

n=l, 2, 3,

(
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Cjppop ^ J^^pop^pop (1=1 2 … „)

1=1

cp^p wr

(

CCPS = CCP/CCS

CCS CCP

CCPS =i-p,x {QriQD'^

CCPS i? /? Gs"s /?

CCF^s

CCr" R CCF^
CCF^s

CCF^s

(
1.
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2. .

3 1 8-4

18"4

1)

2)

3)

(
1.

1)

2) CSi) 052)

(53). CS4) CSs), 5

3) 12

( 18-5):

(T) (S)

\

18-5 —
S

S

J,!

^
^
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5,={/i, /2}= {

}

52={/3, … /6}={>10

}

53={/7, /8}= {

}

54={/9, /l0}= {

}

55={/ll, /12}={

}

2.

-
1) - (7)

2) (Si) CS2)

(/1) (/2) (/3) (/4) (/5)

(/6) (/7) (/8)

3) / ={/l h, … /8}8

( 18-6):

S (T) -

(S)
>Si Si

Sh SIg SI\o sin SIu 5/i5

SIi Sh Sh Sh Sh Sin Sin SIi6 SInSIis

18-6

h={SIu Sh, 5/3}={

}

h={ Sh, «5/5}= { ()

}

h={SIe, 5/7}={

}

h={Sh, 5/9, «5/10}={ }
l5={SIn, «5/12}={ }

640

(!)

^?

.
IT

fT

I

.

T

T

.JJ-
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&

/6={ Sin, 5/i4 5/i5}={S02, NO" TSP}

/7={ She, Sin, 5/i8}={COD, BOD, pH}

/8={5/,9, «5/20}= {

}

3.

( 18-7)<

(T)

0)

(S)

18-7

1)

2)

3)

1

1

(

80 80~60

20

641
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100~80

20 18-2

18-2

<20 21-40 41-60 61-80 >80

(CCFr) 5 18-3

18-3

CCFr <- 0.25 - 0.25— 0.05 - 0.05-0.05 0.05-0.25 >0.25

'

(
1)

" "

2)

" "

3)

4)
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(ecosystem management) 20

(1992)

(1996)

Dale (1999)

(

4

1.

() ()
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2.

() ()

3.

GIS

4.

(

(resistance,

(resilience,

(persistence, ) Westman(1985) 4

(elasticity, ) (amplitude,

(hysteresis,

(malleability, ) ()
( C H N) 3S ( RS GIS

GPS) (
) ""

(ecosystem good) (ecosystem service)
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5)

6)

.

(

(Suter n 1993)

(
4

( 18-8)

18-8
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1.

( )

(endpoint)

3

1)

2)

3)

2.

1) (exposure assessment),

2) (effect assessment),

( ) -
( )

3.

1)

2)

3)

4)
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1~2 ( )

4.

(

1.

1)

(Suter n 1993)

2)

(Peterman and Bradford 1987, Vaughan et

al. 1982, Yoccoz 1991),

-
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3) (mechanistic model),

(Lauer et al. 1981)

(fatal model) (effect

modeDo

2.

(model validation),

(Mankin et al. 1975)

Kolmogorov-

Smimov

3.

3

(Monte Carlo)

(
CV 100%)( M 1000) ( #)

(Suter n

et al. 1984)
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(ecological planning),

(
1.

2.

3.

4.

5.
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6.
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7.
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(

Steiner(l%0) 7— — — ——
McHarg(1969)

McHarg

(

)
5

McHarg

--
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(
1.
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-
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3S
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1)
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2)

4

3)

4)

2.

( )

(1)

(1990) 6 ( 18-10)

1)
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1km2

Silftj

18-10

2) (Delphi) (

)

3)

4)

5)

4

6)

(2)

1)

2)

(3)

1)
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2) 3 ( ) 5 () 6 ()
(4)

1)

/ ( ) J' ( ) S

( ) n ( )
fi,,; J'

i S (
) ( S ) Bij

i

_/

2)

3)

Bij=Ws 'Bis/Ws

H^,: s

(5)

1)

2)

5 A B C D E

18-4 A 0.50 B 0.20 C 0.15 D 0.10 E

0.05

18"4

"-^

^^^^^^ A B C D E

mil 9

3

1

9

1

9

1

9

1

9

1

• 655 •



1=1 1=1

l>s=i.o
5=1

18-5

A B C D E

18-5

A B D C
E

A B D E

c

A B D C
E

A B D C E A B D C
E

A B D C
E

A=B=C= A=B=D=9 A=B=C= A=B=C= A=B=C= A=B=C=

D=E=9 C=7 D=E=7 D=E=5 D=E=3 D=E=1

9 8.7 1

18-11

8. 7)

S 5)

S3)
3)
(31)

18-11
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1)
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9

8.7

5

3

1
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1)

2)

3)

4) ()
( 18-12)
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• * ^ r
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L

1

L

18-12
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( 18-6)
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1) ""

2)

3)
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1.

H = PY-c(Y, Xt)-WYt

// 1^, ) X, f() c{Y„ X,) f W

H = PY-c{Y„ X,)+W[g(X,)-yj •

()

2.

3.
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20 70
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+
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(
1989 "" 10

4

1.

1)

1~9

5 7

1~12

1679

1995 7.2

5200 2.68 1000

2)

" "
3)

4)

300

270 t

2.

1)

4

60 47%,

( )
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2) r:

90 8 5

3)

60% 1951~1990

7.5 10~11 2070 hm2
789

3.

1)

10

(1862 )
2)

4.

1985

170

1

800

(
1)

2)

3)

4)
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1)

2)

3)

4)

5)
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(
3 (1~5) (6~19)

(21~24) 24 ( 18-8)

18-8

(1995) / >1400 >2000 >2500

/% >7 >6 >5

>1.5 >1.9 >2.5

#^
1% >20 >25 >30

/%

/% >50 >65 >80

/% 8-15 15-25 10-15

£* /% 5-8 8-10 10-15

>60 >70 >80

( ) /% >80 >90 100

/% >20 >30 >40

>60 >75 >90

( ) /% >50 >70 >80

GB 3096-93

>7 >7.5 >8
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(human ecology)

Park 1915

1922 Barrows

1924 McKenzie

Bews Duncan.

Odum

20 60

(1989)
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"

——

(-)

(sex ratio) 100

=

X 100%

1:1 105

100 105

(100.9 1985

)
# 106.74(

19-1)
"

19-1 1949~2000

1949 108.16

1950 108.07

1953 107.56

1960 107.39

1964 105.46

1970 105.90

1975 106.15

1980 105.98

1990 106.60

2000 106.74

2000

(
(age structure)
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1.

(population pyramid)

( 19-1)

( 5 )
'( 19-1)

19-1

2.

1) (cohert)

2) (cohert effect)

20 30

""
" "

3.

( 19-2)
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19-2

5% 40% 15% 20

5%-10% 30%~40% 15%-30% 20~30

10% 30% 30% 30

(index of aging) 65 14

()=(65 /0~ 14 ) X 100%

65

=

65= X

14

= ~

i'f;^° X 100 %

(age median)

= +[( /2)—
/ ] X

4.

(population aging) (65 )

20 60

70~80

21

2020
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1.

1) (birth rate), ( 1 )

= 51^^x1000 %0

( )
30% 30%

30%

2) (death rate), ( 1 )
(')

=

X 1000 %0^

6%~35% 20% 20%

20%

3) (rate of natural increase)^ ( 1 )
( ) ( )

=

$= X %0

=

2.

( 19-2) (population transition

theory)o ( 19-3)
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19-2

1)

54.0% 42.5%) 11.5%

2)

33.6% 6.0% 27.6

%0(1983)

3)

12.8% 11.7% 1.1%(1983)

19-3 1785~1976

/% /% /%

1785-1790 38 32 6 1

1825-1830 38 24 14 2

1910-1915 38 17 21 2

1970-1976 13 10 3 3

- (
1.

(population quality)

. 686 .



2.

(1)

1)

f

30~35>

1990 67.7 70.9

10 5 80 60

10%

2)

3) 10

4)

15

5)

(2)

1)

2)

3)

4)

5)

6)

7)

8)

(3)

1) i physical quality of life index, PQLI)

PQLI

(1975), 1
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- + 1 +

PQLI 0~100

( 229%) (
7%) 100 2.22% 1 1

( 38 )
( 77 ) 100 0.39 1

1 15 15

PQLI

65 65~80 80

PQLI 95

95 32 84.5(1990)
2) (American Social Health Association, ASHA)

6

ASHA - GDP + +

+

GDP 3.5% 850% 840

% 100 25% 50%
ASHA 2023 ASHA

ASHA

3) (human development index, HDI)

(UNDP) HDI

(
X 2/3+ X 1/3) GDP

+ + GDP
3

1991 160 HDI 0.8~1

53 0.5~0.799 44

0.0001-0.499 63
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1) ( )

^ 10.8%, 100 10.8

2)

(
1.

60

( )

8000

n

5000 500 1492

2.5 500 60

2025 82 2050 94 2100 104 ( 19-4)

10 10 20

123 20 30 33 30 4

I

4

40 50 13 50 60 12
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194 ( 100 ~ 1999)

100 12.5

30 100

1 400

5000 500

1000 5000

500 1

200 1.5

1.7

500 2.0

1000 2.65

1500 4.25

1800 9.0 ( 1804 10)
1850 12.0

1900 16.25

1950 25. 16

1960 30.19

1970 36.93

1980 44.50

1990 53.33

1999 60.00 (
2000

1976

116 87 35 27

25 15% 2% 10

% 1%
28%

2.

2200

1000 ( 2700 37%) 400

30% 17 1700

5000 ~6000 1644

( ) 8849 1711 1 26.4%

1762 2 26.6% 1830 4

25.2% 4 1949 5.4

24.12% 30 1999

60 20.83%
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19-5

3)

¥( 19-6) 18 40

10 240%

- 692 -

19-4 15%

2)
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A
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16 1999
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(spatial dynamics)
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(migration) ( )
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4
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