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2HEIL LI, WWF (2001) 1%, #7150 4 EE]O)EI
T LD EF SHTERE Z LTz, FOFER, B
DOHERIE, FREAREMEOHHEME DR LB
0BHEL TnB E NS ZEEWHSMIT LT,
PLEDOBMETRONGREG %A 25 L, 1FEA
t@h«b@i Y — 7—h®i&tw5~
AEVOFFR T EFEREMICESZHT TS
D, HAHVIF—ERIE, R, B X Ergc
LicbDTHb, T, ZdOWRDONHRE
OB E RS & FE & A EDSEIIRTH 2,
M, FEATOZA ZHEIITY, BRAER
BRIICHET 5 & 5 e %1 EF
AT E LI ERCERTHSE, LrL, &
7B, MR TOREME 25 2 Tl Ku,ﬁ
HEHIR D A72 53, ACHEINEROFE L WHRER
L%M@ﬁm*%m LLENH D, FDID
, FEEE M TEF o EEA2 2 L i3
?‘ n;uli%%éi 5 ETRER—HEWZ B, M,
WWF@%Dﬁ%@ﬁi@%%%ﬁ%mﬁmf
EF 5 &iT-> Twah, FEREERNEOR
R, 4&EPE &m,i ”W&ttwvﬁﬁé
A i G C A
C. vEEEBR-tEFHE~DER
a. BERT—4ESLUDWHTF—%
SATAER LTz 7 — 2 &, 1998 #2~2002 ED
S5 FIChl: 2 BRRIFROER T — 2 Lits
BIERD 4 DOHNERK 46 F oK T 5 BREH
WO LD bDTH B, BEHKICBIT 2B
T OHEE - HHIFIF X3, #E (IKONOS)
BIRHFCEED S MR L (F—% B X U%H
TIEOFMIE, HRHE (1998~2003) #&H),
T PAEEE R, RIEHR, RE (BIEROME
TR & e, FAERE, KEOFE R
E), BBl R 2H R EOMBHOT -5 Th
D, ThoT7—%EHnTEF 2#i L7,
doOMEHEOFCIEFATCET LT —%

DRENE . FARLUANDOEETIE, R
FTHTH OB TH 2 &5, Fih e {ER

HTDIEY 2 AL TRE L Cuwi i D IERE
BEINT =5 B hotc, ZDH, i

WETT = BLREL T B H0IRL T,
FERLOHEN T -5 E2ANTHELTH
5o TNLAAORER 3 g U TidBil&Eh
EALTH B,

b, TaQZAN Ty b T bDTL—

LT—2

EF ¥z B4 2 BEfERF9E ¢ ld, EF Ol
BRENFNECEDD, WL LH—R%T
TS E bh’(mébﬁf&i&b)o Lo L, &l
BT 2 EAW L EZ FEIRICTH B -0, U
T, EAEEERABREMIIL T,

UL, MLy FRICHEET 22 TOHE

1. B, Z.Wﬁh,S.ﬁ%m 4, B
TR, 5, AFERETIR S, 6. W
WA, O6 OOEFA T IV —ZHET 3,
B, WCELHE, AR, HEEE - RKEIciEEh
ZAEEM, R, FRAR, YRR - AR RRI
HEEENDHOVEET 5, ZRbRIBRI
ﬁi%»? DB £ D FRE LT TR bR
""" BN 2o icER ST ER s 2w
Mitbfﬁ/} T 5, HFEGIEEMIED &b L
DEREFET L ENTRER T TH - 7o hs, #
SEYOEFCH R LI EY, AbEETEE
ERTERL ol EHIOEB AN SN S,

Rz, B E SR B T 5 & 0 SR
EEREETLIL-OCHEALERERD S, H
WZ Db OO T — WIEAE LRI, ﬁﬁ
e MAENET -5 RPRWHEENT 5, BES
(NL&EE L) D »wTiE &E%&%ﬂﬂ@
ERIZ i 3 'tifﬂfﬁﬁkl’%ﬁﬁlﬂ, HHROGE
FMOBA DD O EREFEHT %,

U0, AL RBRI O ER 2 HE T %,
BARB9IC1E, & 5 —EHIBA TR RE AR,
BEZEY) I £ ORRBEC & D F4E U e b RSk
Hiik 2K e, OO ZFb R REE
RESIE TR & T b e R b T R 2
92,

S50z, BHFEOREE R o 4 ERE I HE
R, WBRICER - WK ERREE T30
ERNHEE R BE T 5, YRR YK O HERTIZ
BHEE N AL REOFADEERT 50 bEE
ENDWEYETT 7 P rEMSRD SN,
BzE, 7oL THBET 2, 100g0T7 Y
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XD 1kg BTS2 Mok
WEEL, TD 1kg OB TS > 2 b vid
10 kg DFEMIE TS > 7 b o R LBEE T2, &
DE3, EToMEICEHLTLEEENS
WO 7 > 7 b OukFHET 5 &, fANSE
DB LT 2N TS > 2 N v OB HESH
ENd, BHIT, FOBELNIEEE AR OHE
fIHEE T D OWETZ > 7 b v TR L,
BT EOUREE - KFHEM KD 5, U EOEE
FlEEET, SEE B NLEEPAEL
TIRERES EF £ B,
UEOFEEHE 2, #AESEHETH L
EHFCEA ST TWL, EFEEFMTHE
ENTVAIHMERTCET EBY TH B, EI
BETHRBRNXTH 25, ANRMBTIIERE
¥, FERPEE T TIB I b Tuini-o,
FIEEEECEL M2 %\», £72 EF 0%
ZEBEEOIE LD LONMS THY, ER
WEBEFRCEA T 314 D iz Fuh
K9Ths, M8, BMADPHETLRM % T
NCEMEFICEL, Sohik&h 73U —
OLHEEE A T2 I ETCEF A RD O NS
EVITNERLIZDDTH S, K9 IF, FEE
CEEFBOAMGE O 70 —-HTHhHd, 0
7o —ORER» S, EEFMTE, HEEY
PREEFEICOA S N IR A R S
AT TN =" A0S 5 OIEETHE L NS X
DI LT TRMB R F 2 TN 2 O L EE AR

MR 2 RS N TRALRRRIH Y 7 ) 7,
PHEIEI~RA U 7o b B it e B RIEEE o
TANVF =i ERET B DI LT BRI - bR

W OEF

Ecological Footprint

M8 zauvihne.7y 7Yy rOSRHE

A i (BHAE)
SRR M . 1 (BT
;]H—y—b:rx)_ * o N 77—;;:(1)_

AR
£

B

JEPR - WA TER

AL B R b =AY
HF T — B (FRE)
HF I —

E9 zawyhn.-7y 7Y
LEFE A D

xR7 HEFMORELTHE LR

ML - F o) —

e Lo

B e

FUEOTDaY, KE, K, VYT ALE, Lo,
INF I, IARTF v, K

1A

R, U VIR, (7 U IGED

TR W, HEAN, BRI
S pe e HERR, TR, IUEEK, W, L3E, e, 28, oy,
A T, (k)
T DD EF (&), FvEoavE, Kb
JkL #, FEIE, KM, (TH, (X5 vHR)
oz CAUSEEER), (SREHH)

AL RERE T A

Y, W8, (EkHD

1) FEMNOMICBEL Tid 7 — 7 ORI ST 2 2 BT d o 72,
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R &R -t A= A T TY -7,
EHESLKEE W MEERNDEEMY 7 2

D —" BSERENRT WS, B8, dEK -« B
BREE LM EHEEL TORWD, KET
D EF 53T ¥K « AT S g Tuhign,

c. TOAQYAHI - Ty T MEHAIDEE

#H
Z 2T EF S8 FM 2 FIE L & et
FHREENT 2, BT TV —0OOHER L

=S NVOSHERBAELI-1 0 OFKD Z
TREEDTHD, BB, JITERENZE
EThrFEAG RO FIREFRT 2,

c-1. B#thF I —nEtE

c-1-1, BEEYEE

HHEEAERECET 2~ P v 7 213, &I1E
B = EBIC/ER U - R S E i A L e b
Al & VAR 2 A2 pE 3 5 OB L 7
ERiD SRR E N T B TR 21 O/ CH
FhicA—1FIEHEEY OEERZ W U IEHE
%%fﬁi‘zz%b A2 BRI BHEE IR A LTz 1b
FEEE AR ORE R RT, TEECE
FAROERMHE & 70T EE L 72 OIE Efﬁ
Ab, FPEE IR EEEE OMERER, IRGE
&, WAR, HREEEL CORMREE L,
ORISR, B s BN IR, AR/,
BRI ETER 2 ¥ OZM2EE A S,

PHEEY O EF OfEsHicHiz o T, U
CA—1HOEw» S EBCIER U e R
EHEETL, RICA-2BED Vo B{EYICHER
A UTABZERER B L OB RIRE 2 £#ET 2 DI
B Ut SR E R U e A—1HED (1,
1) 5 (8, V) OvAPIzidRMEEE S5
SNTeT—F B A%,

DUF BRI S HEETFIE 2 809 228, Ei L
DOTEIE LDz, BRFEREMERIEX, A
SERITERIZY, BREEREFEIIZZ L
TERT,

s fyTUTIY

bW%D2V®%WﬁEE@,FW%D3y

BAEER EBEMNER» S, FABCBIT

}~ ‘75‘6\7 Y ORINERD, ZkEICHRAERE
i, IRGEhL, BRI A SEEREE
HEEF U720

SR O R PE RN B 5 WEE 145
FRLERENLD ¢ B E A = METER - BRI
Bein (R
1175.63 2 1166.25=27.39 1 Z
Z=27.17 (a)— (1, VI) FF_Lf#
FAEAGROERIE PV ED I Y% 446.25 ke i

ALTw3, EASh by EDa VR, FO
LA O EFIH LU CTEEEN TS0,
FrA M & FEAAAN D I HE OB A
LT L, EF O CEER I &, BALELEZ
WHET S MICL > CEFBMAESELTL
£5, DI, Wada (1999) T, ALK
RETE DV E UTHFFEERAL TH 3
Linl, KETO v EQ IS OBASIERE
HofEcix, HAESo ryxoa v ORI
T, REO Y EoayORINEFHAL
Tro HEDRINE vz B, PEHHRE
ZrvEnavORBETHE LS, FhA
mABAINA YR OOV HHRETEESN
TR EMELEDTHS, FAOIR LB L&,
2000 EEQFEC BT Z by Eo I YORIVE
459.92 (kg/10a) TH 3, ZNEFAELT, b
v E T 2y OEASRTENEREZHEE L7z,
Y=BAE-mED Y ETaYDRIN

Y =446.25+45.99 (kg/a)

Y=9.70 (a)— (1, VI) FFLf&

N

KEWBT 25HA%Sd bt a vy LR
DOFHAFIC L - TRIIL 72 U0, B4
B EREMNTEM» S KEORINERD 5, K
W, Bonic KINE BREE S, R OMR
o 5 BRFELVE(TTERE, BHRIEE B e & HE
i3 %,

ot (S

X=3.38><6.25739.7a
X—ﬂ)53(a)~(9 VU & EfE

i L:L?L ’L’ . ﬁ /< {i\,f/r:‘,fj Eﬁ};u : g%_,_{?#j
PGt (TR
7= BRI R IR < i e

2=30.38X6.25+39.75
Z=4.78 (a)—(2, V) & EfE
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SHE % H1E

K

KOWASECTERNIE, FEOXORINE
WTHERT L7z, kb Mo a VR, E
MR RHEETHE 2 ens, FEAICEA

ENDBARBPETEESN TS O EMEL
72 FAO 12X % &, 2000 SEO T EN BT KD
R 622.55 (kg/10a) Th b, Zhz2FHAL
T, KOWASEMNERZHR L,
WA SR TR = A S~ P E OO K

Y=100.13+62.25 (kg/a)

Y=1.61 (@)~ (3, VI) & Lf#

s YR A E

YA BT A BIEANEMIE, MTOs
BAETHEI T 2 208 TE S,

RS [ HREE R =RIENTER - BRH

2R

319.38 1294.38=12.88 : Z

72=294.38%12.88+319.3

Z=11.87 (a)— (4, V) § hfE

e NYavAE

Ny a4 BT 5 SEMERIE, UTO
FHAE TR T 2 2 W TE S,

IRAERER [ BIHE S =R IERTE R

e VR

408.75 . 360=5.54 1 Z

72=360X5.54--408.75

72=4.88 (a)—(5, VI) &+ L{E

ST F

INF I A BEMERHE, AT ORI
%Z'C‘ﬂ‘f‘w‘% EWTE B,

IRAERE S © BRGEIE = M E(ITRY © BRFE S EN

[Tt

57:1.13=0.73 . X

X=1.13X0.73+57

X=0.01 (a)—(6, VI) Ft.LfE

MR RELE © BRI = R R

e Ve

57 155.5=0.73 .7

7Z=55.5X0.73+57

7Z=0.71 (a)—(6, Vi) &t L8

s DIEB R

B o BT 2 AEMERNE, UT O
FILETHR T2 08 TE 3,

oo

SRR

EERE

AL BRI =

e R AL

6.9:6.9=1.83:Z

72=6.9X1.83+6.9

7Z=1.83 (a)— (7, V) & EfE

- KHk

KIRIZBE T 2 SEMTIRNE, UTFOFH %
THE T2 EMTE 3,

FPEMTERT © B&RIH

FRAETENE | EIRINL = MERTER . R
2 YRS TS

22.35118.98=14.01 1 Z
Z=18.98x1401+22.35
Z=11.89 ()= (8, V) Fh.Lf

Riz, BEIRMRERET 57 D ITRA LT
?%ﬂtﬁ%%ﬂm%?%ﬂﬂﬁﬁffﬂ?

%o ALZFENERL & FRALE O EREL T H 2
BRESO—EIRE SN T 3 LM%
1, TEWTH A by ETISCHEENATY
5. {LFNER L ERIEROR e E 2, Y
FU IV ERFICEA U ALENEE & R
DEAFEERD, 9, 1) »5 (18, V) O
Y B VIcEt B U, IR & BRI =
R W OB 5 2 HA S O B 1L, Wada
(1993) OFEx= BARRIEDEIT — 75 &
DZUELDIHR L TTo7 ((FF52IR),
5 TidEHF kg, V> 1kg, VT AL
kg #BENZENEETLOICLE LT BT 5L
F—WEZTELEDRLDTHE, ZOEMLD, &
A& ﬁlf:%ft’&ﬁiﬂﬂﬁﬂifﬁé f(L%; ; OCIJZ@E é: L

é 72T, EWJ\_EWE,—?\U)EII’C FENL S ma);t
A LIEE T 05RO D 2 T, {LEE
BHERE W LB TR R R U 2. BRI
W, A UNIRFE 1 kg REFET 270 HE L
Ulzx 3v ¥ —iit 36.6 M] %, HIERDH1FEEHS
K 550 5 T AV F—5» 58, F ° AE
HTE D 4G]/ha THT I & Lo THEFT
L7 TR H B CHEEICED AT

FF—IF 80 GJ/ha ThHbd, L, N 4=
AZHRT & DEE R EARREN RS S 5 %k

eI NTH %) M”%T%HEH—LOD’( b EEOF
HEEAWCHEE T2 2 EWERET D B,
7E, U UE oW TIZT — ¥ OFIF i
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FTazenTER Mol RFICOWTI,
ik U7z Wada (1993) DWFFE TR s T 3
36.6 MJ/kg DEEEMEAEA Uiz, &V ERIIz
BIL TIE, FAETIEERL vz ofiEr
LTy, HEE, HEAE, BERIK 0438 1 L 08
ET AT AINF—iiE, Jﬂ“ﬂt (1998~2003)
D7 =5 %FHL, N—P—-KO#HKILEDF
BIE KD, ﬂ%}i@?‘uﬁkﬁéo TEERIERD
T AVF —H R LT,
. e

EROWARENHEEZ, ER0E L
;?—-;1; > 4 G]/ha T3 Z &k DHEEF L 72,
Y=1kgH7DDERD T 2L F—
FOMAL+ 4G]/ha
Y=88.83x73.84 (M]J/kg) + 4GJ/ha
Y=163.99 (a)—(9, VI) & Lf&
- HEJE
B OEKEMAER O A& T, €5
1.97%, V> 0.47%, # ) 2.73% ORER LR 5
5, ZOHEN L FRIREOIEEEET 27200

i XE

I ANVF —hi B 5 THEFFL, 4G]/ha T
T L DHEEF L7,

Z=1kgdH7z0 OHFE D 2V F—

JED#EEFER + 4G /ha

Z=1.787%X2,452.5+ 4GJ/ha

Z2=109.62 (a)— (14, V) F LfE

« Y

WHROBAEMERI ORI T kL, HEIE & [FIAR
OFHAETHER L 2,

Z=1kg H7: D OWIED = 2 )b F —dk X

NEDFRLERES: + 4 G]/ha

Z="5.131X444.38+ 4 GJ/ha

2=57.01 (a)—(15, V) F LfE

cEBORK (bvEDIY)

ERKOE(EMNTER O AEIEZ, tvED
3 ¥ OEKRIK & FIEROFHN T i THER L 7z,

Z=1kg &7z U @E*RU)I/’(\ b F —aE X

BEORIKD#BLERER +~ 4G /ha

—0.3535X1,008.75+ 4 GJ/ha

2=13.96 (a)— (16, V) EFL{#

< BORIK (KE)

BEARK DEVEAERIOFH M, HI e
BEOFHH A THERF LTz, 278, RE IRl

b XHE

BRI b BGERIToTWwB s, BERKDE
Af b EERCEDLEES L, BIEMTHER, W)
Sesh e TR 2 HERT L 72,

WIEMNTER= 1kg H72 0 OEKRIKD T 3 )V

F— ik X BRI DAL+ 4 G]/ha

BYERTIRT=0.5535% 264 .38+ 4 GJ/ha

WBrEATERi=3.66 (a)— (18, V) FtLfA

X=1kg H72 D DERKD T 3V F—H X

EORIK DR FESE -+ 80 GJ /ha

X=0.5535%22.45+ 4 GJ/ha

X=0.31 (a)— (18, VI) &FLf#

Pl EostERERE» >, FALTEIEEDO
EFEDS L U CHER 79.40 (a/HEH) BEFH L T
LENbPD, Fie, BEEVAEEDT DI
A U7z BB % A pE 3 2 72 D1 £EfH] 347.92 (a/ i
W) ERALTWwLENb»SE, TR EL
TEHA LA VF—BE2HS 2L, —ED
EHIERE I KB T L F— THREND
%, %O HHIAR LM, Mt xR TR D &
DBNZHE» S, FAEHRMIHOMBEEG» S5 F
SUTEMAY 7T ) —PNIZ 114.05(a/1H7), #
W3 288, FR#h 7 ) —NIZ 233.87 (a/ 1)
PAERLUIERESGED EF & LTHE D BTz,

c-1-2, REBEE

KEEECHETAEMOEF < M) v 7 R
fF#R3-1TH2, WHTHENTA -3 FEER
LOEMIEER O UIREEA - SR EEL,
A—4ﬁu%i@%%@twwﬁz%nfﬁﬁ

A— 42%[ I*/"JOD%Z/I/V\](Dﬁﬁ.ﬁ i, Lﬁliﬂu}?ilﬁr&%
BonleF—sThd, BODA—4FDOT —
FIEA—3EDT — 5 b o HERT LTz, LUF, &4
BOEE Z LA LEROR L, % Ok

D EEFET 2 OB L Ul IR OFHA
FEEBHT 2,

T N/ =R w s

FyEmaviy, K OB BcsEzonh Ty
Z)O)’C“ &, 8, BoREEEOETEINS

KLEWwE 272 v ayOBEOBER, S,
]\ vEO 3y ORFEE E BREEEERERTL

726
Boei= (K, B, B OIRFEEX by ED 2
vOBERER (R, B, B) OR4EL
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i=1(93.754+0.3+4.91) X792.56+
68.937+10.575)
238 =98.96X792.563+179.512
=436.93 (kg)— (9, 1) §tLfE
BRHEHE= (AL oEFRHEEX b YEo
a v OfEERE - (RE) OifdrEx
B REE = (70.05+0.53+5.51) X792.56
+(168.937+10.575)
i =76. 79><792.563+179.512
3 (kg)— (9, V) L&
L%T*btbﬁ%mjvwﬁ%itﬁiﬁ
B OHERERLFOEKC BT by EDa Y
OREWOBEE» S, boEnayO&IERER
EHEE LTz, FFEABUTOHEY Th 3,
X=H85%R 9, M+ btvEDIYORIN
X=436.93+(1,175.63+27.38)
X=10.17 (a)—(9, VI) & LfH
Z=HFHEHER (9, M)+ bhrvxoaynKil
Z=335.93+(1175.63-+27.38)
2=7.82 (a)— (9, W) F+ L{H
YR A E
YA RIBEOACEZSNTWEDT,
ﬁ@@£?ﬁ,%%i,§%ﬁﬁﬁ@%émm
T, FROMRAeRER, REHE, BREEREEPE
5 UTze EHURIELTOEY TH %,
HRFE S =K DBRFER X T Y v 4 EDRE
BE-EKOMRERER
e =93.75X273.75+168.9375

BR5eiir=151.91 (kg)— (10, 1I) & E{#&
BERHEE S =ROBREEEX T Y24 ED
AR OB

BRIEE L =70.05%273.75+168.937
HEHEEE=113.51 (kg)— (10, N) FLf#

ERETRD I Y ¥ A E ORFER BRI
EOHEHER E, FELCBY 3 YeAL4ED
R DOBGE» S, Y <4 ORI & #t
E LT, SFERIIUTOEY Th 2,

=fFEi (10, 1) Xy Y <4 DRI

X =151.91% (12.88+319.38)

X=6.13 (a)— (10, VI) & EfE
Z=HFHEEE (10, V)9 Y<A4ETORIN
7=113.51x(12.88+319.38)

Z=4.58 (a)— (10, VI) Ft_Lfl

- B3
WRIIERDOAIZEZ 5N TWwWED, KOR
ApEdk, WESeh, BFREBEOLLERWT, f
BoOMERER, B, BRMEEEES L,
AL T O D TH B,

R = R D BRGE i X BB DR e i+ K D
B4 =93.75 X 2,692.50+168.9375

BRoeit=1,494.17 (kg)— (11, 1) &FFLfE
ERH L = RO SR X BB

O AR &
f§2k(ﬁfi;é——70.0b><2,692.50%—168.937
HFEHEE=1,116.45 (kg)— (11, V) 5tk
&

W B9 2 BENEROMRE, KFes
ZTWEHE, YA EDOYI, HERED
RO T — 2 HIF G 2 2 3 TE 2o

7‘:0 LoL, =& 7VzA POREVEEZ SN
OJFIDZ FHARZHOBMMAEICILY

2,400 kg/ha EHEEFE N T B (A (1998~
2003))o AWFETIEZOHEEMEAFIAL T, K
FIHEE U BB R LT 5 DI LB e
Uiy %}ﬁgf L7z,
TRVET R = R DR LR

Zv:ﬁjﬁ%@—‘?—lﬁl

(VERTTERE = 269250+ 2400 (lkg/ha)

RENTER=112.19 (a)—> 11, V) FrLfE

X=BREOFi+FARICB T 2 HREOH

i

X =1494.17+2400 (kg/ha)

X=62.26 (a)— (11, VI) FFEfH

Z=WHOBEFKHEE -FAHRICB T 2 5

D HIY

Z=1,116.45+ (2400 kg/ha)

2=146.52 (kg)— (11, VII) & Lf&

A LTFTKBRE 2 o On -k o

frﬁﬁ@fiﬁfﬁ%)\ L7-KEDRELE, Hith
ELEER AN —AH D, B2 9.38 kg, s 0.15
kg, iﬁjiﬂO llkgffooto FFAafOERDLE
Wik, ZNoBALLLREE2HB IS LI
Lo TZZoNTWE D, BALNEALR
FKELRZPEET 50152 Toi-fEoi 2t
e a0¥ELHB, LoLl, TNOSBALLE

T FFORICB T
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FBieEz ol O EMICHRTT5 2 &
i, KEOWASLOIEERET —F bHECE
LI ORHRETH B, T, KFETIZ Wada
(1999) »MEA LFHAEEMR WS I LT,
KECE Z RO 2R T 5 2 L RTREL
U7z, Wada (1999) 1, FHWE 2 26 OE
qrE £1§f:10)iﬁf’fjﬂlx' Wi, R REE R
BR=16:6:3:1 ¢k s8EANEDIIO L
Vv Lappe OJHF b&%%ﬂfﬂ LT, % W5z
, RO
%frfﬁiﬁkﬁb)& 7’7@@?&‘/3 &, Wada (1999) D]
TG-S THER 11 & Uz sHRE T o
HBOTH D,
BALRKEICE Z o hicfiRlom=KOm
AEX 6 FROMEAR X11+EO AR X 3
BALREZFICSZ oo =9.38%
6+0.15X11+0.11X 3
BALLRECS Z o -fEof=58.24
(kg)— (15, W) Ft EfH
rETRO AR OREEFEO NV ETI Y
ORI TERT Z L&D, BASERTR % #
L7z, BB, FHECEZoh 2% bV E
vayERELSE, YEO NV EDISD
RN %2 v CHEsH Uz B, SPEDSHR A
BROBmHBETHZE L, EF'Dkn‘ob‘é% i
HOREEDR N7 E0 Y THEEEZEIN
EEYETHLEHI LI Th b, FHllzlix
TO®EY Th 3,
A PEITRIR = S AL+
v DRI
Y =58.24+459.92 (kg/10 a)
Y=1.27 (a)— (15, VI) & Lf#
c-1-3. *nthoEH
ZOMo RSB T 5RO EF ThH S
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(Anergy) E WIBRK LY 4 7O ZNF—~D
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IANF— 1 HA BT D DEEOFESRNE
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LUF, ERO:@OMES R E 2722500
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e e BiBls 5, Bz, gL, =X
WF—EL7 2 F - T RNF—hp oS
NTW3,BI12IART LD, 278V F—IF
RFEIHCAENNCHATE 2223 0VF—TH
D, TANMF-EFRFFEHCEYCHBETE R
WIANVF—THb, THANVF—LIT 7 XN
F—RURECRAT 2 Z T, SWFED B
O3 NF =57 & BB X AL F —SICK
Blaibd, =7 wIVF—001, 7rLF—t
WOBMFATE R WIAVF -2 FATHR
WET, ZRVF G TREDE WS
WHETHEEWE L, T2, THRLF S
W LEAG3HTREAHE 75 0D 35 FR BB A3 T O b B

ThH (K13 8MH),

BT, ZANVF -0 L-> T 1 D
T DHEE IR THSRENERL EWIET
HBH, I 1kcal DFEBYEREEST D120
WHBER T ANE =K 2V F—T 1,000
JEEE DY 22—, BT Joule : BLT )
THY, AMIAINVF—T400] THB L LT
K, KT AV F — AWM ANVF—1] DTS
WEHORIZREZ b, BERS, Al
IANFE AT AN — S EH ST
VFE—TH21:OTHb, ZOLDT, Bz
BAARFELC 1] TH5 EwSHEbTHRg 3 EE
DEFINF =SS D ERTERY, 20
LRI ANF —DEDE T MBS
L, Odum t& Transformity & v» 3 iE O
MrrLr7 eV F-lfUBHELES R AL
F—rWIHMGEAVE I ETRELTWL 2,
IANVF L, BORZ L7 vVF—FRE
% LGB AT RE IS T % 72 D I HZHE(L U e = R L F —
2, D% 0, TAVLF-HIFEZ, EAlL
RO ANF —HPFDOUBRRTHB LY
ENF—SHED BEORSNFETH S
EWVZ B85 ANF =0T, T ALVF—
FLEmELLD, HEd 22 baFETH 2
72, SO MO ST R R AR T
BEWEWD XYy bREF> TV,

IRRIC, ZANF—LZAVF—ERDHEZD
W B Transformity O FE 3 % 56 5,
Odum (2000b) W& B &, = ANVF—1F [

RNFLEWICHEET A [T AV F— | O

[Z7 2 nF— o [7 30 F— | DR

FEFTEBNCH R T & B REEIICAMIEATE S
IANF—F TR 5, WI RNV F—FET 5,

l { Transformity & #}7 % j

LAV F —DfEut

REBHMEEOLA VT —FERIBELED,
MBI EHTED,

X 12

[manf—|, [Z7er¥—],
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W 70— 0EE
(Inventory of Mass Flows)

IANF—70—DIHHE
(Inventory of Energy Flows)

¢

X0 bV E— SR l

)
<

Y v
IOV EF— T
(Exergy Analysis)

Local Scale ‘

(Exergy Intensity)

< IANF SRR
(Energy Intensity)

%
R i Y
(Energy Analysis)

<

A 4

Global Scale l

(Emergy Analysis)

AL E— S }

IRV F—EREL
(Emergy Intensity)
\ =Transformity

13 FoHronEA

#f} 1 Federici (2003) X DEIH L7,

F— PR BEAHTO, EHED LURMER
CHEHBEENLEEOEN A NVF-Th
p#3, x 7 ENVF—(FEHLINVF—) X Trans-
formity KX DKRD SN B, FloZDHEAIFT
<Y 2 — ) (eMjoule) &FEEND ] LEHEEN
Twb, £/, TAVF—DOEZFZ LM
ATV % Transformity 1&, [H 5 4EET 2L
E—1] BEZDICLELREEO L ANV X —i
THD, TANVF—+I72VF—DBFREA»
5B EEFREIND, ZOZANVF—L Tran-
sformity DEZE % BEAINCHET 2, K%
+ 2 DI ET OO AV LBETH B LRE
L7ce, TR R Ul L R
FNEFNOEHIINF —2RKD, RICELL
WV E— G LYz Transformity %3 U T x X
NE—CEWRT 5, L TRBRICZOB SN
T ANF—2EET LI ETHRDOI ALY -
MEFENB LW n Db, TOMICE, KicBET
% Transformity 289 TR E->T 5 DR
5, FNEXRODTZ VVF—1ZFL BT TH
DIANVF—NRD SN,

b. TAINF—3HaRBWIEIHEHR

T ANVF AT, EERFES I E LW
STHHI L, BEOTINVF—EEHELL
i hiEksknEnd 7= Lokliar s,
P OV TOWESEHNI» D TH D, 21
RGBSV i OB TH B,

FATHFE 2 B TA 3 £, Odum (2000), Odum

et al. (2000b), Brown et al. (1999), Brown
et al. (2003), Federici (2003), Serrano et al.
(2002) DIFFERE M H %, Odum (2000) T,
IANE =GR T 2 EIHRBOER, ©
ANV F —DHEEFHC L E % Transformity D FREL
EFOHEERIEZ EEFHNCEIL Tw b,
Odum et al. (2000b) Ti¥, T ANF—HEED
g, TANE—7u—DFLEMmOMEL £
ANFEF =IO = 2 7T IVERPE TRRL,
Hilile sy v 7 BTN SREFEY AT LARMER
AT LEEGEAEZIORT I, BREES AT
M E TR LTz 70—/ L% 7O EIESH
21T T3, Brown et al. (1999) T, =
ANF—SM kT, HREERE (Gross |
World Product) & EAEIROBIMRMEZ ML
TWwd, ZOREE, 1950 Fitb~4:0E (Bio-
sphere) 2 4 fEOBRBEH A5 25—/, 1F
WHT DD ANF—ES) (A VF—/1 F
W) BEALTwEZERPFASHIZL TS,
Brown et al. (2003) T, X > EFEEX
RIZTANWVFE =S EIT> T 5, € ORER,
B ANE—WE (se]/g) DV A 7 VOEH
MRS ML, TALE—EN, WEOTA
THA 7 NAEER Y B A 7D AR RS
BAEBEMED D B & & BB T2 5, Federici et
al. (2003) TiE, KT 3L ¥ —THEHELL I
Solar eMjoule (VY —% — 1% Y a— LWL,
BfE se] THB)IF, FEBET BT 28Y
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Nity

1

HOMMEROH LI 22 L L, gl
% & BRI & v oo T BRBEE D 5 A & WDt
W3 U TR ORI 2 L Cvw 3, Serrano et
al. (2002) Tl&, BESELEEEIICERL, =X
WV — RN - R ORI U TERUER
DFFGHEFHI 1T > T\ %,
c. HT. Odum & 5 T AN F—70—F
FINDER~ =27

IXNVF—7a—SOFEOE—IE, YA
T LARERND T ANVF —7 00— T ) 2VERK
TH5ILTHb, 2OREMICERLIET VR
oy 52X (Differential Equation) WZ#al
BHYZENFIEOE 05, ULFTIHET,
Odum et al. (2000b) DFIEIZHE > T ANV F—
7u—ETNOFRERHT 2457, REDRF
IEIE TEROO~®D#ED Th %,

OSHFHRE R DY AT LDER TV — L%
<o Bz, RS s wo R 7L —
LEERT %,

@OBER 7V —L~AHA - BT 22 TOEHE
AR (Input Pathways) DU X + 2{E3,
ZLT, 7v—LBAENSENERENT
ENEFNOEFR TS (Source Symbol)
ZEWVWTW L, BL{IEFZZ Y o —{En
&, D2V EEZALVF—DSFEHET AL
F—DIFICE DT 8, F 20, JbigE & »
SEFR TV —LDIMEI»STRAL TL 2EED
VA MNEBIERLIAENRB Z ETHB, DFD, K
B anF—, JS, KigEIZE-E T AL F—
ThHY, BRIV—L4»SBASHBENR
TR PIdREL i T AL F — R OFEEE D
EYTHLIOEELANVFEF -3, LT
BV RS ETT %,

@BIFR 7 V— ANICEEL, BEEEZ SN
LEHZDY A MNEEDL, RV —240Hz,
QLERICEISFEANEZY PO E—DEVE
CHEREEE, BSCAREMT 5, #1213,
LHRETII KB DN T AN F — %20 CARERE
BRiT oMY EOERESE, TOMEMRERR
TIETHET 2FKEL EONEE, YRR
L CREEETAAME Tz, LOERTE
HEELZEDXFET 5, ThoBHEE2ERY
V—ADHIZEWT WL, fllicd, BEI AL

¥ — R LT i A B & VR D TRl
RELEHT D,

@OTEHL IR 7V — ANICEET A E
BEEZ ONDHTMATRHOEE (Process) O
DA NEMED, ZNOHWA - WHOEREIE, i
FUBERLTWIREERTOHERESN
%, Bz L, HEYERTESLOSRKEFLAR &
Vo REESIER (AL F ) BWAT B,

OPIE 12151 (Conserve) aNRd &) I k&
EEIICBE, BEVHZOLLT T IVERICES
DEE L - RYE 0 7 u— L7 (Storage) %
Frzw I INRETHE, INEFHFER TV —LA
SHCERE L7 E BB ORRENIEL WO
HERBERSTh 5,

@R 7V —LANOHE s ERNTOR
Wro—P, EARHEZ CHRATIEE O—
EMHTABE T o —REERF v T 5,
B, BE70—-—DORKEELIBRIC, —4avE—
DOEEERRLEWE D B 2R 2R3
L3N H B (Odum IZEHE 7 0 — DRERITIE
MAEFEBALTWS), NI, TXVF—OFN
RO EERRENDS E WS EICH S YTH
b, BlZIE, A (3 F—) ZEALTH
A3l 3z NF—DIEREFERIETSLZ
EWRD, MALWLITABRICHS TEED
TEBLTWA I L EEFVICERTHEND B,

DL ANVF—70—pSHYBTH 51T DR
BErFrv T B, TNIZEBCZALVF—0D
WA - MELELSZYTH 2 0OMRTH 5,

@bL,EFANBULDEEEER L%
B b Dot s, ARAZEECHKAD
B EREXHOL LT, ) —EEXHET,
s, BOREH, YIav—yarolBe
i, YUTINVEETNVOAENREE L WHTH
5,
PLED, Odumic k> TN SN2V
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IANVF =70 —SEBIRIT2DICE, &
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Transformity Z3 U 2 LEXH %,

d., ITRILF—TO—FEFIHSHDIHER
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v a v ERTOBRTH DL, HENLETVE
WO HERCERTI2DLEND S, THANVF—
TO—EFNDY I alb—vavid, E5HE

# (Difference Equation) 2384455 /7= (Differ-

ential Equation) &#EIOMEE 2D & v 5%
BEAALLZODTH S, ZDRHITFILF—
TO—EFNDY I al—yavid, ESHE
REMSHTEROEENSIRELT VY AT ALY
AF I ADFHIHLTHLHEZOND,
IANVF—T7 2 —FTNDOYIalv—3¥a

HEIHER, EFOWTNORES b 200 %
HBIEThHbD, T3NF—0hOER+5H
THEHRE, WE oS TORFR, EEN,
MR K AV ¥ —R T TEE SN EY
PBhoThd, RS, HE—EORETHE
BNEAKE T A VF —fik B, BFHER
DEELRTETE L0 THD, DFDH, THh
MF — RN ELEFREOEHR L2 51
DTRL, FESNIAESPERONERES
T Wb, Licd>T, THILE—DHERD
fEF % B 5701, B L7 7TV OSSR
2 (Storage Symbol) iZHEH L, EEOHET —
§hSHECEAT L T ALY i, s
WHT 2 20 ¥ —i, i EAROES
HERD B, #LTFhCBET MO HEE
BT 2T, TANVE—OECHET2H
FRIKD SN B,

L EOSHE R E 2, KB TER
B SERES %,

C. FEFEEBFAE~DEMA

REC TP EER AR LR E RO
BRI, B TOSWFEIC LT XL
FeTu—FFNEER L, FRETEEL %
DOFETE & OFfRERLII ANV —T7 0 —
D= r7aEeFTNVNHE 14 THY, FAREEZEDON
HOMEERBREEFHICE LIz AV —-T a—
DI7aEFNVNRE I TH S, KT, XU
DT 14 #RWTw 7 0T T AOMEETY,
K15 ZHGTCE 70T N EHHRT 5,
a. FREEICHITAIANF—T70—-NDTS

OE7T W
ORI (O) OB FRBIEFHE»S

OYE » TANF—EEERT, 2T TIERVb
0 —DO—FEROEANOLIE T 5720, KEP
WE VS HREFEPEZLT 5,

OMNHDEE» SN B EHI(—) (Pathway
Lines) i3, ZHANVF—DIRNHBHEERL T
B *i0,

@iz, HE» S DR ZZT 2 WHE
(D) OEBIFEE T ALF -3 ERigRL
i 2 AEPEF BT (Producers) 3% 3, 22
TEHRKGZALVF WL wotEHEZ x L
¥ —HIEPA T X ZAEFRA L LT, Fam (i
FHIER) B EEIR L 72,

@7 LT, BAED» S RN K EZ T IR
A (O) ORSEEEZ ANV —2HEHT 2
HEEHAT (Consumers) ®E T, HEFHHAL
ERITAARORSOFICE, BB OEES
FEECHE (U) OEKEEEREL TWw5EC

EMZn,
OFREBIT, FEEBMN CHEEENTHZE

R & Fimasis 2 & Ticms » TREDH Y
Twb, ZOXRH (L) ZEHEC-HEAD (Heat
Sink) &IEIEN, HECHWShBICHIL
T T AN F—OREEERT 5, 2L TZD
B AT —IEHAATRTD 5, B
B & ORMIE RS E05 4T 5,

23302 . HTT IR

(FHL) KALK - &R

ALF -
TANVF—
BE

LRIV E— RO T RN F—

= FEEE G T

il (Source) :: -

e y " 75 (Storage)
_h % ﬁ?’)ﬁ’i-%u D #¥§%% (Consumers XAV F - YRR
oD S WA ¥

W= dT, i (Producers) % ;
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T R F— 2 3
e LiRAIS )

A
BILYIETH
5o

14 FELOS 7oz ANVF—T7a—FT )V
1) RPROEEOROEZR, WHEIE Odum et
al. (2000b) WHRELT B,

b, EFREICEITATANF—7O0—D3I S
OEFIL

A O EFEHTE TH EFREEFICH

AHHELTL B33 LF—DY A, BLU
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K= b F —

X 15

AR 7o A nEF—Ta—F)N

# 1) KPhAORESORFOER, MHEIZ Odum et al. (2000b) WKHLT %,
F2) Hh oS ) ) DS MHER UHUﬂacﬁonSym)oD t"THUL%

WThy, BEHI ALY —
Hae2aEL RIS TDH
ES —NE

SEATEENT CIThNATEERED Y A b %
R U 7o ARZE T, KB Js), MU, &%
(Qu) DEIEEES &, PHEIEY) (Qc), FAR(Qs)
@%ﬂﬁ' » ' (QU), B (Qe) OWHER
g%7vamﬁj$Lto
@iz, HMABOLEERS (FhlE
w9 DD S EFR KRBT AL F —, Fﬁbi
BENBHEIN(T T A TN, DIV TL), &
FREDZANVF—PRALTL %
@UEWM(Q)LMFMKWI I AL
F—DIEBGEFR I DWW TN T 5,
FEAMAEEN T, K, W, &%, BxH»
o DTS O X 3 ¥ — B CHHE R D ERE
én% 2Dz, PEEY Qo) 1%, KB,
W, E%, BROEFLSRMEZT L (i
WEF—=DI|A) T Ekbd, £, $HEDIZ
RREFKEFICL > THEES NS D TREERS
WRHIZHT (ZALF—DH) 2 itk s,
@OFF Q) EEFRICHET 23 LF -0
TEEARIC DL TR T 5,
FOGERNTIE, PHEIEY, A, %
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[F%GRsw,
5, BlzIL, #47, i@i, K,
L, HEYE WIS EEHO I AN — 2L I L AT 5

l\ lif/ﬂ DIEE = 2

FHOKREE) T2, 20w, 2 m<Q)b
BHEIEY), M, BROEE» SKHIESZT 2
(ZANVF—OWA) ks, —7, K&
BRI & - THE (BeRls L olRseHm) &
N3O TEFICRAIZHT (= AV F—DHH)
ZEis b, B, KEORLSH» S TCHED»-
THIT W3 KED (Heat Sink) 1, FHOHE K
IANVF—EFA LI HBEL ST, HET 2
ZEBRLAHTELERED T ANV F—DFEYT
)
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o
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(Qp) DARMWEENZEIT 2
DIEFERFRI DWW TS 5,
FEOREFRRN T, BHEEY, K5, T4,
Km,ﬂm&&t“f%%mb@%wQIAw
F—RETRRIIEEFEL TS, 200D, B
K (Qn) &, BHEEY, FE, BHOLEB &
UHLEEE SR S R EZT 2 (ZALF—D
WA) Tewhkhd, —7F, BREIPEEY R
BAHE BB L T 3O THIEIEY & K%
WEHPHT (22 VF—DBRE) 2k s
51T, BE (Qp) DI F— O
BIS 2 DGR OWE L (D) %< %3

IANVF—
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DT, BER (Qp) DN E L CHMIEE L
EEINS T EICEAEHL T D, 72,
BES I & TEETIAKEIDB T 528, Zhid
KEDRFTEVIBTOLANVF —DIRHETH
%, COFREOPGEIC LY, FOEEEN»S
OYEDBANTREE n > T3, RERIZ, B
KOEEH» S TFIC@EH» > THT B EH (Heat
Sink) &, BERLPOMBT LI ANLF—1Z2T
FHEREL T 70, BIERCHELYR
WFEBSHBE L Ic 2 ANV F—DEET 5,
®FM (Qr) DHEEEHICET 2z AL F —
DOFFEBEETRIC D W TS 3,

FAOREZFNTE, KGNz V¥ —%
BTHEMDIEET 3, 2070, FK Q) 11,
K EMOEELSRHEZT S (ZANVF—
DEA) T &b, £72, FMRITESR (R
YRE (BRD) ko THBSNEOTHRRE
REWRANEHT (ZAALF—DORE) &
05,

c. TANF—70—EFILOEHR

I ANFE—TaO—FEF I, HHEEEY, &
w, FE, BRICHT2HOTEAELRKD B T
LT B, BB, KETRO TV BERORS
ERI5 BEUEIDEFTEXIGL T,

O#EIEY (Qc) HFEWHT 2 AVF—D
A HERIC OV THIAT 2,

PHETEY) (Qo) OBHADES D & HHEIEY
OIS 2 HEA, TabbMahERE
Kbz, BHEEYIOR: D = 3L F — IO
K121 Qe =DQ/DT Th %, HWIHHEIEY)
(Qc) NFEAT 2 T 2V —dik, FHEECEY (Qc)
MEWHT 3 T 32V F—dt, PHEED Qo) «©
BEEE S 2485 ke, KB (Js) &M (Jo) EEER
OIS (Qp) WBHT 5 A NF—F»S5KD
LI ENTES,

B 16 3#EETER LB » & 5 WHHEEY
B4 2O AHE LI bDTH B30I,
HHOFEZTE (Q.) WA & 5 KHIE D (=
ANF—A) BT B AEAEED, Kok
HWOFERLS Qo) » o T LS (=
ANF—FH) BT s HEREES, T
HRODE S I2FET I EMNTE D,

Qc = (s X Qu X QX Jo X J5)
"(ngQc)—(kaQc> ............... (1)
(MWROWAEE Qe THT Z & T, AT
BRELD R ¢ TS LTI e B, 2T
Wodt 2ENT, WERS T ERH LB,
/dloch:/{—éc‘(/é’sX Qv X Qp X Jo X Js)
— by — ki tdt.
2R BB £, ATITRA TR Qe EINAT
Qc DAHBRER D,
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_/89_/€x0}['+ Qco.

Qc= (ks X QyX QpXJpXJs) — (ks X Qc) — (k10X Qc)

16 HHETEI BT & R D TER

@%FE Q) BECHET A VF —DOWS
FRIC DWW T 3

KZ Q) OBHADESD SHEMRDITEIC
B+ 2O HERERD S, FHFORODZ AV
FH MO MS H R Q=DQ/DT TH
3, ABIEEE QL) ~NIAT AL AV F —i,
%%(QL)@‘B%L’ZHT%I/;{\ V¥ —ik, FE QL)
B AR5, BVECEY (Qo) LB (Q)
EEEOHEHT (Qp) WY B TR IF —FE,
BRHBIENTE B,

B17 3B EER L B & H e RKF M
BEAOAME LIz bDTH L, XL DHIT, &
MOETE (Q) W SN2 REES (=
FNF—HWA) T HEXEED, Kok
W OIFEEE (QL) » 6 HTIT REF S (=
FVF—FH) BT A ARKEES, T
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BUK H1E

£ FOREZERMEERT 2AB T AL F —4k L 2 DR
7 35 ' 3 4 y EEN N
CHR B & U 11@?{5( TANF—HE (J/AE) Iransfox Ig)lt\ (seI/J)' K 1()/{:?/@"';%3(58”
Kb 2w E— (J9) —_— 5.167E &12§ 1
m/J\Ju VEF—= (JR)  — 1.028E +11 | 89,900
Hx A p ¥ — (QN) — 2.297E + 06" 4,620,000,000
M = A 3 — (QF) — 6.606 E +10 | 11,000 ;
» ZANFE— (QC) — 3.443E +08 | 85,187
LT ORFRx A0 ¥ — (QL — 4.406E +07 | 2,140,000 }
BEH QP) —_— 3211499798 7,380,000 :
k1 0.015241935 | :
k2 0.036328273 |
k3 0.500578544 }
k 4 6.062E —01 |
k5 2.442E —47
k6 0.03125 |
k7 0.007294183
k 8 1.521E—15!
k9 2.910E 01 |
k10 0.68187921 | 1.99985E +13
k11 9.745E ~06 AHMMW%
k12 L.949E —02 ¢ 1.4
k13 1.418E—01 ¢ 3.8
k14 1.867E —30 : 9.42889E +
k15 9.171E —01; 8.64707E + 1
k16 0.034750328 | :
k17 8.223E—18 ! 1.4
k18 6.719E —03 | 1.
k19 4.387E—75 | 4,578 + 14
k 20 0.000E +00 0.000E +00
k21 2.113E —02 | 5.00714E +13
k22 2.520E—01 ¢ " 5.97287E + 14
k23 7.754E —02 | 7.31104 E +12
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BARODESWET I EWNTE D,
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0= (ks X QX QrX Q) — s X Q1) — (kasX Q1)

X 17 sHBET 5 HEROER

EWRTE D,

B 18 BHEEER L BV kD WRKICET
LEAOAE LD TH D, FELHIT, %
BoORELS (Qp) WHET SN2 RARKS (=
FNF—FA) BT A AENEED, Kk
HOFERLE Q) »HHTIT REES (=
FF - BT 2 AREXEES, Thid
RO LS WRTIENTE S,

C.QP: (forg X Qe X QuX Jo X Qp X Qr X Qp)

— (°y X Qp) — (Fys X Qp) — (koap X Q)
— (,1821 X Qp) - (/822 ¥ QP) JEECTISERRTRTE (7)

(NAOFA%E Qp THT Z & T, ELITHE
FHOEE t TR LB a b, £ 2Tl
WAt BENY, WA HST S ERA LR D,
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Summary

A Study on Sustainable Evaluation of Agricultural Activity in the Rural Area:
Ecological Footprint and Emergy Flow Model Approach

Two are the main objectives of this
study. The first is to evaluate agricultural
activity from the view point of the carrying
capasity concept in rural area of China. The
second is to find important factors for inhab-
itants to keep sustainability.

This study consist of six chapters.
Chapter 1 introduces the problems of this
study. Chapter 2 introduces the concept of
sustainability and rerationship between envi-
ronmental economics and ecological eco-
nomics. Chapter 3 introduces our study area
in China. Chapter 4
capacity of these colonies with Ecological

calculate carrying
Footprint. Chapter 5 simulate energy varia-
tion with Emergy Flow Model. Finally, in
the last Chapter, conclusions of this study
have been explained in detail.

The main results of this study are as

follows.

(1) The inhabitants of the four villages need
spatial ecosystem support —the ecologi-
cal footprint— 0.8 to 2.1 times the surface
area of each village.

(2) The current population of the four vil-
lages is 1.4 to 2.3 times the population that
a spatial ecosystem can support.

(3) The energy of forest recovers some

energies (crops, livestock, farmers can

use).

These results suggest that some policies
for controlling the inhabitants’ activities,
such as over-harvesting of timber, and
increasing agricultural productivity such as,
diffusing knowledge of agricultural technol-

ogies, are urgently required.
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0.00  0.00 80.70 0,001 (3) E 0.00 0.00 1.30 0.00 1.30
R AR 846.00  0.00  0.00  TI4.00F  (4) i 144 0.00 0.00 12.44 14.74
Ny aygE 0.00  0.00  0.00 0.600  (5) ' 0.00 0.00 0.00 0.00 0.00
MIEE 0.00  0.00  0.00 0.000  (6) 1 0.00 0.00 0.00 0.00 0.00
7.2000.00  0.00 24001 (7). 0.07 0.00 0.00 0.22 0.07
S oK B 6.00  0.00  0.00 0. oo o) b 0.0 0.00 0.00 0.00 0.00

__________________________________________________ e X
I EF &t 43.09 3.65 808 35.67 47.52

i
I

Ik - 47 B :
wad 18126 mwk | (9) ] wwE wws 165.85 k% 165.85
Raw ek 000 kkE D (10) L wkw ok 0.00 % 0.00
U > fkl * ok Ak kkk 0,00 kwok (1) 0 skok sk %k ok - % s R
a Y fe Hkok kkck 0,00 kkx (12 1 sk & okok 0.00 %% 0.00
HEEINE #n 2,151.00 0,00 0.00 1,749.79: (1) 96.14 0.00 0.00  78.21 96. 14
e 112200 0.00  0.00 912721 (13  143.94 0.00 0.00  117.09 143.94
BIAWK 645.00  0.00  0.00 524.69% (16) ¢  §.93 0.00 0.00 7.26 8.83

(k3) ooan
AR SOokE 30,00 46.88  0.00  24. % a9 i 042 0.65 0.00 0.34 ~0.23

.............................. :
EF &if 249,43 0.65  165.85  202.90 414.63
EHEO I »ofb 4~ 30,53 0.08 20.30 24.84 50.75
43.09 3.65 8.08|  35.67 47.52

Li‘uuf
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{32 2—3 BHmo 1 H D OFEIEYOHICE T 2 EF
I 1 m v v i i VIl I
WA it WS AL | IR
4y HiF| N glEs | TR | PRV (ERIERT | (RRIE B
(kg)
: (a) (a) (a)
B
RS 0.00 125.00 1,035.00% (1) Po15.67 0.00 2.72 15.67 18.39
K 0.00  0.00 29000 (2) i 17.57 0.00 0.00 10.07 17.37
) . — , )
* 0.00  0.00 88.50 0.000  (3)7 1 0.00 0.00 1.42 0.00 1.42
YA E 97.00 0.06  0.00 2500 (4) 1.69 0.00 0.00 0.74 1.69
Ny av4E 112,50 0.00  0.00 60.00: (5) i 1.53 0.00 0.00 0.81 1.53
A 0.00  0.00  0.00 0.00: (6) 0.00 0.00 0.00 0.00 0.00
MES 0.00  0.00 0.0 0.000 (7)1 0.00 0.00 0.00 0.00 0.00
: Lo 0.00 0.00 8.46 17.55
53.81 0.00 4.14 35.76 57.95
B - BRI | SRR, WOERG, MEAGTCRASR ;
(hotmas) Tkt i ———>
B waa waw 154.00  skE L (9) 1 ks kEE 1091 Ekk% 140.91
e wak kR 200000 kkw | (100§ sk kww 6276 kkk 62.76
U e kg ek 0.00  kask (1) 1 wkx mkE  ——— KKk S
Ry sk www 0.00  wEx . (12) 1 kEk &k ok ——— %% % ———
FE AR HERE 880,00  0.00  06.00  880.00% (14 39.33 0.00 0.00 39.33 39.33
i 0.00  0.00  0.00 0.00: (18 1 0.00 0.00 0.00 0.00 0.00
HIAK 978.00  0.00  0.00 978.00: (16) i 13.53 0.00 0.00 13.53 13.53
Poan
BIARIK 0.00  0.00  0.00 0.000 (8 i 0.00 0.00 0.00 0.00 0.00
52.87 0.00  203.67 52.87 956.54
30.32 0.00  116.61 30.32 147.13
HAHFY D D

HHERF O 53.81 0.00 4.14 35.76 57.95
EF &t

1) HIGO T v — b EEEE T, RO b v e o a v PN OEHERD e THEE Sh Tl
728, SRR OVETERE ERICR® 5 2 L ix TE R b o T, WHEOFOREEFEROP
R NTEEE EEBLTB D, —AYM D OB - FHEIEOFEIRIL S FEIL Twiz,
KERICBIL TiE, SEREORIEFRIA L TR L7,




188 AHEE R RSB AAE RS0 278 15
R 2—4 FHEO LR DD OPMIER ORI 5 EF
I 1 il |\ v Vi i Vil X
o A EE FRPERT YN
e - v AN e e SO e
Sy HiE o ‘ (1”;;‘ '(‘],\y)“ MR | SIS il {Ef iR L7 it
& - '8 (kg) (a) (a) (a) (a) V= VI+ VI (a)
A -
F Ty 768.75  0.00 292.50 L10.76 0.00 6.36 13.12 17.12
KE 3,13 0.00 0.00 1.56 0.00 0.00 2.87 4.56
ES 0.00  0.00 63.75 0.00 0.00 1.02 0.00 1.02
YA E 382,50 0.00  0.00 6.66 0.00 0.00 3.53 6.66
vyay 142.50  6.00  0.00 1.93 0.00 0.00 0.92 1.93
INg 0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.00
MES 0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.00
24,00 0.00  0.00 15.04 0.00 0.00 7.05 15.04
___________________ B
i 38.95 0.00 7.38 27.48 46.34
1
i
A2 e - GoREA B ;
{(toEOoay) ___>
I kowk kA k 12000 k% (9) 1 kEk  xkx 109.80 ok ok 109.80
sk ok ok okok 105,00 EIERS (10} ok k RIS 32.95 #* kK 32.9
Y gt ok kwk 60,00 kkk (11§ kkE sk ———  Eokk ———
7 HEE #x%  xEk%x 5250 wxk o (12) 1 kEkE * K - * kK -
AR 1,887.50  0.00  0.00 2.240.851 (14) : 82.13 .00 0.00  100.16 §2.13
sl 225.00  0.00  0.00  274.39: (15 1 28.87 0.00 0.00 35.20 28.87
AKX 1,140,000 0.00  0.00 1,390.24:  (16) 1 15.77 0.00 0.00 19.24 15.77
Looan
0.00  0.00  0.00 0.000 (18 0.00 0.00 0.00 0.00 0.00
EF &3 126.77 0.00  142.75  154.60 269.52
DIzHDERINA T YA 42,09 0.00 47.39 51.33 8948

A ) O
HHERTE O 38.95 0.00 7.38 27.48 46.34

EF it

1)

FEHHRO T > — b IR T, EEYO b v o 3 YU OERTERS S CTEEE S hTnik
728, BIFRIEYOEMTERIZ EMICRD 2 Z L3 TEkhotz, L L, FENHROFOFNEHIEHS
HRODRWERE LML T D, — A% ) OREEICS - FRIEROMEIERK bFE CTh
3o ZDN, KETERFNEORNMSPERLEORIN L ZIZFBETH S Lo, EHREOPREIE
YORWEFHALTC Y E0ay, KE, $YSAEOIa0aTHhNe Ty b7 bERDI, K
FRCBI L Cid, FEERORICEFIE U CHEEL 72,




T FElRR B B B SEEEIE R O

A 1 5 B WS 189

3 3—1 FeAmo 1H D7 D OFHEHENCM Y 5 EF

I 1 I v v Vi vi Vit X
i PN FERFIC
e - Bt | WA G g e . .
eyl HiE ! ;1} L})‘ ]"(‘l{ ‘y‘>’ G5 PRATTIR | (TR, fift
“ “ @ @ |[V-vi+vit)

Te,

Fases, o TR
/13
IS
e
o
o]
7en 1.13 0.00 0.75 :
(&) 18.00 18.00  0.00 0,000 (8) | =-— - oo -

:56 43693 ok k%

FuEnoy | 792 (9) L1846 10.18  kw 7.83 828

FyvAE | 27375 15E9L ww w Q0 10 63 k= £58 £.91

) | 2,692.50 1,494.17 mokw 1, () 0 12,19 62,26 kxx 46,52 49.93

W 225380125007 & ok (12) V== ey K ok e s

Sy a A E 240,00 1330197 w o w am) U 3e 18l Ak 1.3 1.5

RoTmay | ksx wkx 582 kkx | (15) | kwm kw 127 mE % 1.27

EF &7F 112,19 6226  1.27 4652 49.93

12,19 62.%6 127 4652 49.53

FE1) b Dok o | BRI HEMIHFEL L E, [———] BT v ofiazat EL &

VL EERENET, B, S 7 T ) — NOFEEEYERE T fﬁwﬂuﬁf:ﬁ‘fﬁ%o)rh z

FKEOFBI L R 2EAHB I 7y P ENT VB, ZEHE SN D&M 57D IR L2V
ERT,

g 2) #ho) [——>| BRGVERICHIE S WS e, [---->] BFEL TwAREICE 2 7@
Bloftz, [——>] @A SR 21 0 OMHBIESIHEL T 5,

2H3) FALTHEINTOIRED D b, BTSN AFEEIZILE, 8, B4 TH 2, KO TIRILFEDK

WD BRFRIC Utz 7% S IEORINIERITb TS D, O & DB SN D N v E
0 a vl ERATI TR WO TH b, 3721840 & 5 0SB OME N 2 FENMEU R W EFH 2
SN DFHEIZMEH L 72,

F4) A-3BD (1. 1) »5 (V, 8) FTRMELTCVWARKEFED 7 a— (B L7) &gt hadnhTn
B, (V. D)o (K, 8) T, FEDA by 7 70—tk EHRT 500U 7 i s ik b
ENT0 3, A —4 8 ’c:ta.xm DA Ny 7 7 a—4%ERT 270l 7 fREE R
NTWwd, 72720, BALRKEORICOWTIE, 70—k 4ET 21 Hic-» TS i fiitoh:

T%%O

H5) BEALKEHEL s fEHEOHET L, MAZEOKERE DT — 5 LBk 57 DBIERE T
RKOBIEWTERPDIZ, LLENS, Wada (1999) li Lappe OFERTY, FHE2 D
Rl D E S EFHEHOR )J[Iw WALBEE Y B 2k GAE RS D IP=16:6:3:1:3

EnSH
nifREE bvEDaY t{&uzb T, PHE
LUize

26) DUTREI-1»oEI—4 2 TOHRE T 5, BIVRERSLE L X & ZHRTHKRLTH S

KA LT, 20K, B, 9@& ~:I7L")?ﬁ/f_ mH»IUD EWEF U7, /02 2 TREZS
Ve RERIRE, R O R & F v TS PRI TRIRT & HERE




190 LU AR KGRI RTSAO 2T 18
TR 3—2 FEHAED 1 HH S D OFKEHET 2 EF
I 1 1 v v vi Vil vl IX
. FER N P I
e W | WA Ay N
iyl T : }é’i;r 1’(’1{ \y)"‘ Sl 5 i fit PERFRIRT | PREHRY | L 7o
8 8 (a) (@) (@ V-V
> # ok ok S 3 R ook sk * K R LS
Bikdh, 0 FIK 20820 117.00  0.00  121.20% (1) wokoE wok ok Kok R * ok
e —_— Hokk wok ok ok ook ® oK K
7 0.00 0.00  0.00 0,007 (2) 1 sk * kR ® % % %ok * ¥
IiE: 0.00 0.00  0.00 0,007 (3) 1 —ee —-— = - -
el 0.00 0.00  0.00 0,000 (4) | ===  ——— ——— e -—
4 3.35 §.40  0.00 5550 (3) 1 &% * %k ks % % % ok sk
sl 0.00 0.00  0.00 0,000 (6) © -——- - - - - ——-
TN 0.00 0.00  0.00 0.06: (7) & ——— —— - == - -
(&) 0.00 0.00  0.00 0.00: (8) S - -
____________________________________________________ SR
: EF &t 0.00 0.00 0.00 0.0 0.00
I
k& AL T __>5
FEAA bUEoar | 810300 487500 % k% 333,521 (9) L2 12.68 8.67 8.63
W /*'4 £ 72000042736 sk ok ok 202020640 (10) 0012055 7.45 5.10 5.10
2,568.00 1,524.27 =x% 1,043.73 (1D 1 107.00 63.51 43.49 49
i 115.80 6873 * % % 17,07 (12) ¢
Vo 0.00 0.00° #* % % 0,000 a3 0.00 0,000 ok k 0.00 0.00
kA 000 wEx | (15) | wmw ko 0.00 %% s 0.00
EF &8F 0 107.00 63.51 0.00 43.49 13.49
107.00 63.51 0.00 43.49 13,49
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{32 3—3 JHmO 1 HEHz D OKBFHEICB T % EF
I I 1l I\ v Vi i il X
i PN Srps i
Paviil i (k) G VE{ TR L 7T
8 (a) V-V V)

TR

Jiihd

9@

e
5

fe
FEE
V=2

(f4)

FyETY
YA E
S (B
W

v>ar

N = e g

1,662
1825
3,704,

182

44.05 1360 0,000 (1) b wkw mkw kkE kR o
—_— ko g * % ¥ % % % P
0.00  0.00 0,007 (2) 1 EEEk Rkx kEE KRk * ok
0.00  0.00 0.000 (3) | =em—  ——— ——— - ——
0.00  0.00 0007 (4) | —-=  —e=— ee— - -
0.00  0.00 3.750 (5) 1 wm%x % % ok ¥k ok o s ok
0.00  0.00 0.000 (6) | ===  ——— e —e e -
0.00  0.00 0.000 (7) | ——-— ——— e - -
0.00  0.00 0.00; (8) | —=— @ ——= = === -
______________________ RS
: EF &t 0.00 0.00 0.00 0.00 0.00
[}
——>
63421 (9) ©.16.09 11,28 # %% 0.96 4.80
0.000 (10) 003018 237 k% 0:00 0:81
2,763.66 % * % 0.00: (1D 154.36  115.15 k% 0.00 39.21
0,00 %% = 0:00: (120
136014 % % 0:000 (13) o248 183wk % 0500 0.63
sk BL.60  wEE L (15) | mAkk kuwk 177wk 1.77
EF &3t 15436 115.15 1.77 0.00 39.21
154.36 | 115.15 1.77 0.00 39.21




192 AHFERERF BRI E27% $15
¥R 3—4 FHLO LH S D OFKEHENMT 5 EF
I I il I\ v VI Vil VI X
- IR ; Sz Bl R
ol TE 'GS‘ W | PSS gt (< HT R iy L 7 T
8 (kg) (a) (a) (a) (a) V —Vi+ VI (a)
A-3

M, iz : Dok ok ok & ok ok % %k sk %k % ok
ke, 90 FIK 78.75 13.50  0.15 33.000 (1) 1 kR skkok kkok kR * &
iz > gk ke Rk k ok % ® K
Po(2) 0wk ¥ % % * % % * %k ® ok K
(3) | o—-— —em —em oo _—
I -
(5 * %k * ¥k * % % * % % ® k%
(6) | ——=  ——— e e —
(1)} —mm e e e o
(8) | mmm —ee e e _—
EF &t 0.00 0.00 0.00 0.00 (.00

bETIY
YA E
)

W
=

roEOOY

92801

0:00
6,323.63 3,493.05
274 5.02
8.21 -
0.00 0.00
0200 0:00
* ok ok * k%

300831 (9) i .12:08 728 %k k % 547 5.70
0,000 (10) ¢ 0.00 0:000 k%% 000 0.00
2,649.90 (1) 263.48 145.54 EJE 3 110.41 117.94
0.00% (12) 172 315w x 000 =143
== 1) - - L] e -
0.00% (15) .0.00 0.000  kkk o 0.00 0.00
0:000  (16) 7970100 0.007 k% 000 0.00

* % % i (15) E * kR ® K % 0.02 * %k 0.02
EF &t 263,48 145.54 0.02 110.41 117.94

263.48 145.54 0.02 110.41 117.94
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FF4—1 FAEGO HEH7 D OFMREL - ZBRERNCET 3 EF

1 11 1 1\ v VI v il X
. AU WIER e AT
..... N bR | WA o i .
g iE (x/-L,)u “(}1' )" bkies R | PERITERY | fRASTHIR i
e 8 @) (@) (@ V- VIV @)
B—1:#bk (—h)
""""""""""""""""""""""""""""""""""""" Hl’"'""""""""""""""'"'""“"‘“‘““”"""'
b~ A - -0 (1) e e - - —-——=
EF &#t ——— -—- - -—— —-———
Hib 10,539.38  0.00  0.00 10,539.38:  (2) | 263.48 0.00 0.00  263.48 263.48
I 926.25  0.00  0.00 926.25; (3) i 23.16 0.00 0.00 23.16 23.16
Kt ——= 0.0l  0.00 000  (4) 1 sk 0.00 0.00 0.00 -
Bk —_——
pagiil ok k Rk % 6,98 kEkck: (5) 1 wEk * %k 0.27 %% 0.27
7 A Eak kEE ———  kxk. (6) i kkx  kEkk  ———  wE -—-
A5 VA 438 = m —mm === (7)) mmm —mm e — e ———
EF &l 286.64 0.00 0.27  286.64 286.91
JEfHE O f o DM A 4w X 123,85 0.21  110.23  122.30 233.87
jixE DXl
KD EF | 286.64 0.00 0.27| 286.64 286.91

OEE

FrhD [ % %% | GBS -FENCEELROELVE, [——— | BHFrcELu - oBEEE L
BuENVEZTNENET,

HHBERICEIT 27— B PAFERTOHRVEY, SEIBH T, AMEHEARERRC
L2 BREROICHE T, BMEROMRLEDOEHSEETE SN TV R,

BHEROEFEI H 7 > Tk Wackemagel (1995) #BIRIZ L7z, Wackemagel 1&, HFRDHEAKDE
B R bR RETERES 1.8 t/ha R AL, ZEALRFPIPOT DB RRITIRT 2 3K T b,
TELRFOPEERENS, ALEEEBREIEEERIAL D & OFE W S 3 CO,” HbymEhEREE L ],
2000, LD F—F EZHH LT,

LT, Bkt DBRBE & D HEH S N3 TR LR B OHEE R, Fiff =2 =B {FKE L TRl L 7,
OISR, BHTOREE, BRTORMBRES & 3 ZBALREIHRBEERN L w229,
BHDBEENZENTHBEIENEBELSNS,

AYUHADHEME m® TH 5,

DT 4—1 o R 4—4 2 TOFHRE T 5, FRFERGLHEL L & BZRIBRTHL TH 5,




194 JCHHER R GRS $27% F15
TR 4—2 EHEO LTHHE D D OB - ZEIRBRICE YT 5 EF
1 I Uil v \4 A VI Vit X
s | ey g FEVERE WA
S iE Wi | B SIES | et
(kg) | (kg) @ @

papi]
H A
AY A

8,541.00  0.00
0.00  0.00
=== 0.00

0.00
0.00
0.00

8,541.00 !

(2) 213.53 0.00 0.00  213.53 213.53

0.00: (3 0.00 0.00 0.00 0.00 0.00

0.18: (4) 1 ——= 0.00 0.00 0.00 0.00
>

Kk (5) Lok ok ok * kK 0.57 * kK 0.57

*as* (6) * ok % %k ok - EX RS -

) 0.0 ——— ——— ——= -

EF &3 213.53 0.00 0.57  213.53 214.10

TERESED - H ORI A A v X 218,90 0.57  145.55  178.07 363.88

jEXE S NO)
PO EF | 213.53 0.00 0.57 | 213.53 214.10

ofi
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TR 4—3 HHAEO 1 HH B D OFMELE - ZB(CRFRIUBIT 3 EF

1 I it \4 v VI Vil Vil X

yape

HBUERE
470t pilpass TR
(kg) (a)

WA G
TE{HTHIRT
(a)

SRSEHE | A
(kg) (kg)

S e

B—1: bk (—fh

10,352.63  0.00  0.00 10,352.63 (2) 258.82 0.00 0.00  258.82 258.82
E 2,463.75  0.00  0.00 2,463.75% (3) i  61.59 0.00 0.00 61.59 61.59
Ak - 0,00 0.00 0.00§ (4) * ok %k 0.00 0.00 0.00 -
o ——
Skl ok kokk 10,200 Rk (5) * *k ok * k% 0.39 k% 0.39
HA Kook kR kK — 4** (6) * %k %k * K ok ——— * Kk ———
AP UH A 0.60 ——— ——— -——§ (7) - ——— —— - ———
EF &3k 320.41 0.00 0.39  320.41 320.80
ERSEO - O A A X 22,55 0.00 86.87 22.55 109.41

R Y O
O EF | 320.41 0.00 0.39| 320.41 320.80
DEE




196 AEERFRFBER SRR B 2TE 18
AR 4—4 FHhEO LD D OBMEE - “EACRIRIG-ET 2 EF
I It i} v \4 VI v Vi X
— $ErER A G Sz iR
v HE 'Y ;;L 5 i it | 1Rk U AT
e (a) (a) (a) Vo~ Vi+ Vi (a)

11,497.50  0.00 0.00 11,497.50 (2) 287.44 0.00 0.00 287.44 287.44
273.75 0.00 0.00  273.75; (3) 6.84 0.00 0.00 6.84 6.84
——== 0.00  0.00 0.000  (4) 1 ——— 0.00 0.00 0.00 -

—>
FEk kckd 1193 kE k1 (5) 1 #okok * ok 0.46  *x % 0.46
ARk KRk — — *** (6) * % ok * %k - * %k -
0.00 === —== ——=! (7) 0.60 @ ~—— == ——= —-——
EF & 294.28 0.00 0.46 294.28 294.74
NEEBE DT b OB 4 A v A 84.68 0.00 95.36  103.27 180.04

JLE E RO

b0 EF 294,28 0.00 0.46 294.28 294,74

DEE
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R 5 UGS 2 D DT AL ¥ — KA

FER N Uy (P HY (K
____________________________ MJ/kg) | b 73.84 12,88 10.04
L4 :
; (%) 13 0 46
TERES U 7 A 14.216 (MJ/kg) 9.5992 0 4.6184
: (%) /
L T R 366 M/kg) | — _— __—
(%)

12.5528 | (MJ/kg) |  12.5528 0 0

BARIR L 0.553506 | (MJ/kg) | 0 0.02138  0.53212
H# D Wada (1993), A (2002) %2R L7z,
1) b [——— ] BHHTERWOEEEE LUV ERT,
5 2) REOHEERIZ Wada (1993) TEHEL-EZZ0F 5 L7,

EENEEL wiE, HELo N—-P—K ORERILER I B (2001) OFER % v T
n[ (ﬂ”%{T’) 7‘;0
K& (JREE7 > E=7) BEROADOEEINTEY, N—P~K OB
B N1IT%THoT0 TOF —F FEBICHER SN T BB OB, 557
HETH 5,
EKRGNI?K®%&K1 , BBMOKFESLEFER Ry EEEE
—2001—], 2001, &b F-— yx%&bto
N—P—K O#ipitbE#F B L, {CZREOEED D HER s 3V
F—litrke, MWEBROMETNKG»SZIT BT AVF - TH S 41.86 MJ/
a Tl U MRS 2 R Lo, & O 2L F — i 13, FEIC TS SR
A KRS 9,000—11,000 keal/a 12, 4.18605 J/cal #HE U CHH L 72
LOTHDLEMD1a Y OKBTFVF - THRTEHRIE, £ TOERER
BABZ A VF— 2, BREBROWERICE > TSN TWEHTH
B MIZIE, AMPAMERR Lz 2V F -T2 4T 286, F
HRAM OO AN F -, KEGZ AV —%2ZT L ERARVPERRO
BV B TEEI N BERRAMIE DS TH S,
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