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Abstract; Emergy analysis was used in this paper to analyze two agricultural systems in Liaoning Province of Northeast
China and compare resource use, productivity, environmental stress and sustainability for 25 years. Structure and
development of indigenous economy were considered in analyzing the development of agricultural production. Chaoyang is an
important base for agricultural production in Liaoning Province while Fushun is a main industrial base of Northeast China.
The results of the analysis demonstrated a growing reliance on purchased resources in two agricultural systems. The fraction
of purchased inputs had grown by 1. 88 times and 1. 08 times from 1980 to 2005 in Chaoyang and Fushun agricultural
systems, respectively. Because of higher dependence on purchased non-renewable resources, production process placed
greater load on the environment. Ecological sustainability of studied systems decreased dramatically during the 25 years. In
this process, Chaoyang agricultural production underwent a more rapid decrease in sustainability as sustainability index
(SI) decreased from 1. 25 to 0. 11. The similar process of industrialization brought more stress to the vulnerable
environment of Chaoyang. While the use of higher quality inputs resulted in the greater yields per area from two agricultural

systems, the efficiency of these investments did not increase correspondingly. Environmental protection and restoration
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rather than greater amount of purchased non-renewable resources should be a good strategy to reduce the loss of non-
renewable indigenous resources in the two systems. Temnary diagrams were used as a tool to compare and evaluate the
improvement of the two agricultural systems, and then the interaction between systems and the environment was recognized
and evaluated. The graphic analysis is a versatile and adaptable tool for presenting different systems and the same system at
different periods of time.

Key Words: emergy ;system of economy-environment ;regional agriculture jternary diagram
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33.7% , Frp R 5730 71 31. 75 T3 N\ 56—k A7 EME 283000 J3TT, o L X A2 7= BMERG 7. 25% 5 55—k AR
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Fig. 1 Agricultural economic system diagram
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RE(E AT 5 E2 18 FR (emergy sustainability index; ESI) : BB{E™ tH &R (EYR) SH R RA(ELR) KA,
EARMARAEBMIRABRSKM T (ELR) ,MNERRGE (REF) WEETRIM(ETR) o
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B, HN RN F &S TRA B E N 1 5100, =AML H EARFME R SRET SRS
AR G, ARSI A ME— SRS =A== RN ERE R T R X M T TR
WIRREE BREEM AR TN E 2 o Eid3 RENSRLEREEAM B A R AL BT L, W LIS
AXRTRERREEMR BIREEWLIR,

FERBE =HEE 6 R, N, F B o BN E 7 bRk 75 3G , MM R E AR R i 4k Bl sk 1 s
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Table1 Simple expression of emergy-based indices

FE5418 7% Indices and symbol description 2352, Expression &4k =, Simplification
2 7] E TR PR L #R Fraction of use renewable( R% ) R/U R
AHLAT] B BT R IR ELZR Fraction of use nonrenewable( N% ) N/U N

JZ R BB{E L. #R Fraction of use purchased( F% ) F/U F
REEF=H Yielding emergy(Y) R+N+F 1
FEEIF Z Emergy investment ratio( EIR) F/(N+R) F/(1-F)
REEF=H} % Emergy yield ratio( EYR) Y/F 1/F

71510 2% Environmental loading ratio( ELR) (F+N)/R (1-R)/R

T ¥ 4eEFE 4R Emergy Sustainability Index( ESI) EYR/ELR EYR/ELR
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H BRI RGN BRIRREE LR AE 4L, RPI RS EIR \ELR EYR F ESI 7 Fr G54R3 v WO AE DL THIE &5
o RIGFRBE BRI, R RGN E I EXSIRFIREKBNE ., STEIRL REAM L, BHRL &
GeAE PSR A T B AR TIRE LER R

MER A RS B SR T LA N, A RENBEREREZF EFHE0EE, S8 M, T
Rl &5 REHBBEB T RME, 1995 )5, P RERBEREREHRIE, WNRLRENIFRAEER
£ 25a AR BE R K, B AR RETHFRHERBRERE TR, 2005 4, B REA B B35
AERAE N 11.61 F17.86, 23A3 T isFpimi{H. MEBE™ MR ERE, TR RERRRIE™ H AR LLEH
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1§, TP HA IS REN TEAEN B, TR REHBRIE™ R EZE TR, M 1980 4£1) 2.
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RARGY AR, BRI AR 7 RGERRAE ™ H 2R B9 T AR BB, S T H BT RSN 8 TR,
T FHAR ML R G B FT R ST AR T FESE R B . 1980 4R, BFRRL R G W TT RS AR AR 1. 25, 29 AT
By REF SRR 1.1 £5, 1995 4 )5, BIFRROL REM TR a8 in 2 BT B, R TR R4
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Table 2 Comparison of emergy ratios and indices in Chaoyang and Fushun agricultural systems over studied years

AR EHF Indices R4 System 1980 1985 1990 1995 2001 2005
AEHEE LR (RS ) el 0.25 0.26 0.25 0.16 0.13 0.08
Fraction of use renewable IR 0.30 0.34 0.22 0.24 0.14 0.11
REATELHRELE(NS ) el 0.48 0.46 0.38 0.29 0.24 0.15
Fraction of use non-renewable IR 0.32 0.26 0.20 0.18 0.16 0.10
A HBEEHLZE((N+R) % ) el 0.73 0.71 0.63 0.44 0.37 0.23
Fraction of free IR 0.62 0.60 0.42 0.42 0.30 0.21
R E R (F% ) el 0.27 0.29 0.37 0.56 0.63 0.77
Fraction of use purchased IR 0.38 0.40 0.58 0.58 0.70 0.79
B R (EIR) el 0.37 0.40 0.59 1.26 1.71 3.37
Emergy investment ratio IR 0.60 0.68 1.36 1.37 2.29 3.66
BB 7% 1 % EYR) el 3.73 3.51 2.70 1.79 1.59 1.30
Emergy Yield ratio IR 2.65 2.47 1.74 1.73 1.4 1.27
I R (ELR) el 2.99 2.91 3.03 5.44 6.84 11.61
Environmental loading ratio IR 2.30 1.97 3.54 3.13 6.19 7.86
AR (EST) el 1.25 1.21 0.89 0.33 0.23 0.11
Emergy sustainability index IR 1.15 1.25 0.49 0.55 0.23 0.16
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Fig. 2 Resources lines in the emergetic temary diagram of Chaoyang
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T, RGITH YR M A D BORBURE T A SRRl 2,

& 3 (a) TR 257 REHIBEIEARIE , Hoh 1980,1985,1990,1995,2001,2005 45 6 MEHI R IRALE
KA FIRERIM N ZEBNA HRUKHES , 7 BB IR HL AR M 1980 4R 30% T [ 2 2005 4FHY 11% , #H R EI3RE A
AR 2.30 WK 7. 86, M EHTRIRAE(E LR RIOVRIMEI B3, I Hi% 10a y— i 1] Be 2 BEH — RE BB
BEHARAL X STRIX DL 10a 7 — B RK 8 B shixt RETEFRRERRBA BT BSRNEHE
Ko 1980 3 2005 4F, AR L5 RERI AT EFTRIRLEM 32% TR 10% , S A5 BRAE O T LL 2 A
38% 3 INE 79% , RRMEFLFT 2y 0.60 3K F 3. 66, BEIE™ i &y 2.65 TR 1.27, WA 3(b) M-S
Bolr 25 R GREEAEE IR L ERE , BiFHAR O &3 RE7E 20 42 90 AR A REE STIK L &
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a b
R R
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Fig. 3 Resources lines in the emergetic ternary diagram of Fushun agricultural system and comparison
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IR R SH AR ART RSt AR o FEIRA R — B R B I 151, o 451 R B 9 B PR
AU RANE BRI, EF £ 7 X —FIREB X B35, TR RIA RRAARERRRAL I EX
R R B
2.2.2 BUBREAT
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S0 AERRIRECE WEIN R/N HBIRIFTRE , B REE IR RN BURA R I R B, BIRLZ
Pr RGN R/N AR 0.56 iy , AR 5 REEH) R/N H7E 1.08 22, R B A 2 £, X R Bk T $MR
W ARG I FR Y REEBE B RIPFANIRATIR . &5 AE R RIRE T, BRRA B B R %E
A, AR R R BRRER A LRER B THARL ST R4, XA T HEMR L L5 REER T
WALRRRE , R X S5 R AR A 7= P i S Bk . (B AE5R , B PRI A 7 xS AR BR (LA R LR B
BETURM REBIFRAKF , BRAFEH BREG B RIFFEEA B, R0l A2 7 R S TRl A= 7 RR B Tolk 46
F B B3 S BRINEEERN RS, MERERBHA RSN,
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N F N
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Fig. 4 Sensitivity lines in the emergetic ternary diagram of Chaoyang and Fushun agricultural systems
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2.2.4 FFIRREAE A3 RGEARK AR T 1 B TS5 2

I AT PR AR~ R RGBT REEAIE 193] T X RGE LB L MBUR B 2 R M) T, Xt R 458
HYAS AT E B BT IR RE IR KA NG , S BRI H AT, R & BRI WS naE , B8 AR
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Fig. 5 Sustainability lines in the emergetic ternary diagram of Fig. 6 Forecast and choose of development way for two systems by

Chaoyang and Fushun agricultural system emergetic ternary diagram
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PR EREE N H o [, 327 ] S5 B RAE 0 R Bk [ B PO A R At AT ot A4 31 W B R
P B T 28 A B9 SO 1 24, T A o e D/ S A B AL )R P EL 2R U D A M PR B R B A B R vl R
BRI R, BrLL W IRk B K B Bt 2R B Bl B W1 B89 2 BRI A W BB EY o

M — AR T PR R SRR AR 1 25 O SR BT AR B0 ), W T SE TR IR U, RIS AT X A
1A VT BB IR SABAS T SE BTSRRI BB B L) EE AR R, £ R A AL ) T S R B VRO 7 o A 7 Y TR
R, WEX—RBEIT RIS R b, R B SRR {E A (5 HLERAA A W] SE R S YR B e A LU R R S AR
s, 3 H NS BRMELA A LE R D B IR RS Bk, —E B BRI B RIER IS RGN R BRI LA
REZFTEEMN.

FEA T SR USRS B B BT, 1P e 4 20 B4 T SE BT S YRR B US ABR KA P SR IR Y
YRR, Rl 24 42 VT SERT TR LR T ik , A R AR T B AR AR B ROR U R 2 B B , AR IR BIR AU
AR, BRRWAEFREREERE, SHMEMEBRERE—H, BYSHAWM IR A P, 8
DR TRERREA () . BBEFRRIRIRAER, EEANIRE P REBNFEARNNRER, HEER
BRI, SRR AEMNEFRRNRREE" . HTLMERER M T ERREA TR 2 RE R AR R
TBRBME, e R B A 7= A1 & SRR TR 2, W SR HIRN S IR AR A FRES o

T3S LU SR AR T SE T BT IR A L R A iR R A AR R B B R B IR A L E B
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ISR EFBHRE G W TAME AT EHRIR, RECT AR IME . N TFHRWRAL RGER UL, A
] BRI IRRR BB, BB A R TR A 7 R AR P R B RO A TS BT IR A SR, LB 2
M B RS ARG RS TR, B BRI K D RTFIIRE, N —E R E b3t — BB DA TE BRI K
TS TR AR R G, A T SEH BT IRE = B R DA BOR S B SRR, s ESR A Pl R E R %
JEXTAH B AR R RE SEE, Yo LA SIS — R EE, LIS A A BB RIR AR
BTG R AR AR A T BB BT IRAE 7™ i 2 7 AR o B ARt B A o 330 23 B ARFRIR IO BRI , R R %
JEEIA RSB FIR A A B R M R S R B 5 R, F+ 5 SR B MITE SE MR AR P, X R R ] F7 42
PEVTREF= AR B IR o X TR B RGEZ AN R SR 5 RRAEL A ZER BUTY A9 75 K, SR IR A A RICR,,
R RN RN B LA SR E 2B 1] BT IR B (E DV AT 4R o

FEARAS T SE BT ARG A L OS5 R A RE A R T SRR IRRI A LR 125, P A RB S ER K ET
W, P R RB(E ™ H R IR, RER BRI TSR . FIRBREMEIX T RER R BEE, A RER
R B RN T EAN TR RESRATRFEMR TR, B RGN S ATH & RO &, i ol BT
TR BURE R R , EERBCT ARRY I T , FEREXI A AT BB IR R LR
3 4ig

25a [6], 5 FHANGE MR A= 7= i AR A RSB SR RO A A BB iR SR B T HE S PR R R BB
BHEEANE, HEARTTEXT L T WA REER I FRM T M ZERMRERBIRTRREARS
HAE AR AR SRR s RO A P AR BB EAE AR T A5 2R 18R T RETE R BT 72 P Mok BRI 7]
PSR A 3 B RPN EEA B R ) LA R RGE R SRR DL T Fp iy 2R 4L

ABSITERBE PR REEARER Y ZF RRELBRIBFRHHSR, RERLVEFHRE
EREH T MGl & - B ROl A PSR R B 1, X S R BRI ST R B R
HEHEBER, AT R R, X T RIS R A X IRE B & B ACF A R B R A 7= R R
Ui, AL IR SRS IR R X, RIRRRR Rl 22 B 2 FRABE 3 ok 214 i s 553 ) B 558 ZE A FRUSE K B9
g, ERHBI A MK RO o5t KRR AT RS, ZEAE 20 A 7=, R BRI S5 Ry R, PR 23 B AR AES3H
B, W 2 R T SE TR B IR R R R G R SR AT AR A T 45 S M F A b s T A 5 | A BE(EL R HE B 4047
0 ARG R IRBREAN R AEAR Z B R R B 04T, W REE AT IR AL T B2 MR o4 TR, R E
BRI AR - BN A SE AR, 5 R R BRI R R4 T BB s 8 07 i e R 55 I sRIE A R
AR RBEIT MBS I, A R BRI R RS T H R T A 2R TR,
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