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Assessment on Ecological Health of Three Developed Core
Districts in Xi'an Based on Emergy Analysis
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(1. College of Urban and Environmental Science s Northwest University , Xi'an 710127,
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Abstract ;: Based on the theories and methods of emergy analysis and urban complex ecosystem, the basic data
of three developed core districts in Xi'an, which is Bagiao District, Yanta District and Weiyang District, were
calculated from two aspects of ecological environment system and social economic system, and the ecological
health assessment was carried out to provide reasonable suggestions and scientific basis for the sustainable
development of the study area. We used PSR model to establish the evaluation index system of ecosystem
health in study area, and the single factor evaluation model was used to appraise the system health index, the
individual index were weighted by analytic hierarchy process, finally, the ecological health degrees of three
developed core districts were evaluated by multifactorial comprehensive evaluation. The results showed that
the ecological health index of Bagiao District, Yanta District, Weiyang District were 0. 704, 0. 402 and 0. 705,
respectively, Baqgiao District had a good ecological environment situation, but it relied more on the use of
nonrenewable resources, which was not conducive to its development and should make effective utilization of
the local resources; Yanta District had a better social and economic development, however, its actual population
was 1. 99 times higher than the population carrying capacity, the disturbance of human factors had a great
influence on the ecological environment of Yanta District, the development of social economy in this area was
more dependent on external input resources; the construction of new industrial park in Weiyang District
combined greening with industrial production in a perfect way, but it was still dominated by second industries, the
‘Three Waste’ emission seriously influenced the ecological environment, and the development of social
economy mainly consumed the local resources.

Keywords : emergy analysis; PSR model; single factor evaluation model; multi factor comprehensive evaluation

Wi HHE.2017-09-28 f& B HH#§.2017-10-28

FBTE « F R R ST R IX AR SRR 5 M Y R A R A 9 S R Y8 (2013BAJ03B02)

FE—1EE TR F 993, B, Beri AW 0F 55 A, 55 1) Ry A 2SRRI A IR BE 5 0 BE A . E-mail: wzy19930406(@163. com
BEMEE  DHRACI62—) B BV E XA H 2 A4 S0, 322 R BT i XA R 5T . E-mail :603828872@qq. com



318 /S o T S T

%25 %

Bl AT 22 B K e AN IR 1 K s AN 2895 3
Xt A SRR BT 5 Ak B L, anf A A s R R S
A S ISR R 22 (R 7 I & 341 E o [ P AR S R R
GURAI SRR T I A B AT RGN T FFa kR
RE T BEAE M8 T2 B T 45 SR i BHAFF TR, R
HHS A T 20 el 80 4FE4R, fr 36 A 8 2% %K Odum
P, Ulgiati 45 X 5 KR B94E S 40 RGO FHARAEDS
RGEAATREAE AT, VEH T e nT 52 & J gt U8 A
110 s Nelson 45 3 F GE(H 40 M F 55 1 T 9 3 &R 40
Qb BT K HoAR G 75 K A B T2 HA T A 0 IR B S 2
52 55 % 2% s Campbel * IA O BB AH 50 M7 A2 RE 5 P40 2R
BRGARRE—F kT T AES RG2S
HA SR 4540 5 R A 194 8 s Bakshit™ 3831 T 68
3T 7 5 A A T BT AS 2 (LCAD 25 &l Sk 1 H T
b2 Tl b i) BRBE A0 25 A0 268 5 R0 25

[l P4 BE (I F 50 2 B T 1988 4F Lan 4557 i 3 [
58, Lan S804 BE(E P05 07 vk 5] A TR Al S A Az 7=
FIPEAG Aol A 7= ) B e & R S IR R A AR 5 7™ %
HEAE 2 BB (A HE 5 7 vk F P R 32 2 [ AR R R Y
RE(E 6 b 5 HoAth 6 R AEAT T A s i 2 07 557 % ]
RE(E 73 A7 B0 BRAT REME VAN F8 bn AR R AE T 139 ik
P T VAN R S8 nT RRSE Ok R BB 1 1Y B 1Y RE (E 48 AR
(EISD) . 38 H W FH T 2R IT = 0 L A A= 285 T
FEAE PP s S B AL @ i e M. A R4t
SR EAEBRGEME X MR L 45 F AR
BT LGN T IR A S RE ARA
355 IR R4 25 26 55 % J8 5 XUAR IR A5 SR FH BEAEL 40 #T 1Y)
D5 i M HE T 3E A A Sk T A 3T f B B A R A L DT A
TALLT 5 AR B A A R R

REEAIRE I AR ESRE S ANRLET RS
HEAT 56— 1 58 T T R 45 P AR 28 R G0 1 kA 4
R R) 1 B o B o A R A A O R A AT
DAL 7 S RE (B 3 BT 1) ff B 8 L, XF P Tl 3 AN K
JEAZ O X, RIS AT DX 32 DXORI oA e X 1) 356 filh 5 4 F
TS5 BT 138 FHASE Y 5 A7 A 25 4g JE VT o DT 43
BEiTies 3 A DX AE A5 (g R B o P BAF 90 DX B AT e 282 %
JE 2 A B DU R 2 AR 3

1 WFsE XS S WF5E 7 ik

1.1 HRXHR

WP X AL F 78 22 IR X AR 3, Hb 3 AR bR R R &
108°59'—109°16",dt. 4 34°10"—34°27', 4 X S H
332 km? ,HfE A 60.82 A, 2014 4F, & X A7
{E R 309. 734270, Herp 8 — 7=l 5 2y 47240, 55 ==k
o7 H 4806, JERE DX i Ak 7 e 3ok X 7 355 ML B A A R 2R

22 108°10'—109°02", Jt. 4 34°10'—34°15", 4 [X_ % 1 FH
151 ke L34 A E 120 J7 N, 2014 4F, 4 X A 72 Sl
1 114. 464270 o 55 == b = L B 3T 7020, AKX
ARV VG 22 3R IX S i AR AR R AR 45 108°47'—109°02"
Jb4i 34°14'—34°26", 4 X 1 AL 262 km®, 2014 4E,
A XA PR EE 703 4270, Hoh 88 — =l 4 2 530,
B ) 4650, 3 AN X FEALTIRR , 3T 4F 4 FR
MATH B 2B = X748 Ry IR 7S X7 e (1 X3k, 30 B B 2
RV T R K R ) A [E] L BUM AR TE 3 AN X
N ST =R A I & DX, Qi A A XL T PR 55 X
SRR AR T R X S VT XA Tl DA 3 AN X & 7Y
T H AT R R AZ O X
1.2 ®HARAE

AR SCTR R ok A (V8 & T ST AR A ) (B
VUAE G i AR5 ) 45 AH DG 1] 98k K Al 5 b Wi 4 1
ek, BiH Odum W “fEH R GE T 7K . 2 il i
KXW E R G E IS RS R X RG4S 205 A
SRIFEEMC R . AL B 5 Y M Odum ™ 4 56
FS A T 3 AN KB RGNS 40 R
G2 b BE AU 1Y L Al B L 32 B PSR AR AU A 37 AE 3 ik
REVEN FE bRk R, 2 IR 22 7k /1 (10 32 48 307 4 199 K b
LRAEH HEAT 4 TOUHE A ) B R P4 O 38 a2 o A
#: (Analytic Hierarchy Process, AHP) X} £ 11 35 1 i
TAE &G RHZHFEZ5IPMIETTE L 3 AR
Bl XA S R 255 PEM . HEL

B 7 T e 7 1F Odum 81 37 B RE R 4T 518 5 &
Giz b, WL AEL RS B AR AT TR IR SO AT T
B S S AR R R G A — & R, IR E
FHEaF RS AN SEFRESA —ENRA
AE(E (IMP) Fdi t GB(E (i it S IE S HEBD . A
MRETFEEESRERMA Gl ST oA S
LV ARG REEAE bR IR BIEH 3 A X AR 2 & e f B
BEMHD.

2 g5

2.1 EBEFREEARESH

Wi A S AT R G RE(E IR HAHSCHE S, O T g
g 5 1 A3 BTl i AR A 8 T R e A R AR B AR S 5 Bl
FEIFWNTE A ES RG R, BEUA 18 B3R A S 4
FRELGA T ARSI T REMT ST T RS
ARSI B A T 2014 AT B X LB DX TR e [X.
T A A 20 R R BRI IE R LR (R D

F 1 AT LA L 2014 4F V5 22 17 3 BF XL JfE 3 X
R e X B FEMH H 45 R (ESR) M BE{H %5 E (EPA) 3
AFEF-, BEAE BT T B R A W] Hp 2 R R 48 B (ESD



543

TR TR AT R TR T T 3 A R AT L IX A 5 4 FETE A

319

BT 1. BEASRFRSESETFRAZASRALN
AE T BCAE LE L BEHT T 3 AN DX i A 23 48 5 R i 32 B
A M BE IR T A 550 HE - TR I g A BE AL o LA D 2R
A 3 19 4K B IR E i ORI o At 2 2 T A e Y
FRREE VTR BE AR R 0 A 9K T DR e e A A A AR
DU B G s BEAEL B2 T LSOk T 3 A4~ IX B RE(EL 1%
AR AN E 8 . B GDP A1l i i BE M A5 2 7

A RIS 3 A DXCHUTE K J e i b Rl A R AR R
KRB H % B (EPA) 2 0 9 X 350 R 48 24 R FH o B
Fkh S 05 Kk e B 2 1) T 48 A5 L 3 AN IXORU(E ¢
e o U B2 M DX T P R R A ey B A S ER S Y
s 77 R e AL 5K T s R 13 A4 DX I e
AKX B8 U5 0 g 0 B M S AR 3 A IX kL 2 22 5 A T
AR L A0 2 08 B Rk [ GOK - o H AT R PEAT SRR

Wﬁ.})\

Tﬂggﬁﬁ < O >
~
\ |
1 B
Bl 4BEFRFEEEIN
K1 04 EHTESEFREEETEREIBIRILE

¥ e br 24 W FixRX i A X JHE 3 X X
1 H AR AN B (se)) C 6. 05E+20 3. 04E+20 5.02E+20
2 Al HEH e A B A (se) R 11. 63E+20 3.55E+20 4. 13E+20
3 AATTEH R E A (sej) N 7.58E+21 3.85E+21 7.63E+21
4 HiAREMH (se)) IMP 7.68E+21 3.56E+21 6.24E+21
5 Kyt REME (sep EXP 4.34E+21 2. 60E+21 5.13E+21
6 EAEME AR (se) U=E-+S+IMP 16. 42E+21 7.77E+21 14. 28E+21
7 AR AEE LB D RER=R/U 7.08 4.57 2. 89
8 BEMH A AR ESR=E/U 53.25 54.12 56. 32
9 AMIREBME (sej/ ) EPP=U/POPU 2. 7T0E+16 0.65E+16 1.74E+16
10 BEfEAT ML H (sej/ $) U/GDP 3.26E+12 0.43E+12 1. 25E+12
11 fEEBB=R EIR=IMP/(R+ N) 0. 8784 0. 8466 0.7758
12 BefA 2 &5 % EER=EXP/U 0. 2643 0. 3346 0. 4370
13 HLEA S EREE OO W /U 2.62 5.93 2.45
14 BEIHEE (sej/m®) EPA=U/area 5.06E+13 5.13E+13 5.40E+13
15 BEME™HR NEYR=U/IMP 2. 1380 2.1826 2. 2885
16 EFY L BEEEKCOD EWR=W/U 5.42 12.74 16. 39
17 AESFHAEFE ELR=(MP+N)/R 13.12 20. 87 33.58
18 A R# & 8(R/U) X POPU 3. 28E+05 6. 02E+05 3.82E+05
19 WRATASE ARG RS K AR B (ESD NEYR/ELR 0.1630 0.1046 0.0682

2014 AF PG & 1T XN BT BE(H (EPP) 2 2. 7T0E
16 sej, ol HE RS IX B A e XY 4. 15 % K& 1. 55
¥ o e X 1 AR B 3R (ELR) 4 33. 58, 55 T 1 Hr
X 2.56 5 JE X 1. 61 £, fEfHZ 2R N 0. 44, &
T IX 1. 65 £ MRS IX 1. 31 £,

ZEA LR & L WA XA SR A AR T B
YRR T AE S NI BEME N 3 A4 X f iy » U B 3 1 X BRI
B T A IA FIR X 5 X R EUES

SRy T A I T A A R B AN T A3 N ) E (RLA
e L AT XN 4 ] SEBE B IR A 22 L s IR AT B4
(10 0B i 2 L+ 2 R ph T DR X H A 4 X
UK E ARG R AR X T Rk
FRE T e o {ELJE 6 DX A R MR e L A ROHI ]
7S 3 B AR [R) Bk A5 g M S S i AT R BT XA
Mo 28 U A KRR AP ER 22 55 (075 3l L AT Ab T AT R
BARH B B



320 /S o T S T

JHESE XN X REABLBARR  — T T 2 fh T XA g Skl
P R A Al O T B AR RO X R R A
JE AN VB R KL 2014 4R L3 119. 74 5L AR
N R B AR SE PR N R B RE 1. 99 15 A B &
eI RS N HRE ) AL T8 17 A B B, 3X X 3% X A=
BABENEK., H—mABREERI R ZXE
ARG AT 1 8% BRI X 3 A X & R i
U AHLBE Ay - 1 K 1R B TR B L N S ke A B R
32 BE 1 R e A R B I B B Dl T A R B ek K
AL B L DX B A BRI N RO K
2 P EUE RO R ] 50820 B3 F] Sl =2 52
(R RE AR /D« T REARG 1 AT A2 35 K P

R X A2 6 3R (ELR) A 5 32 25 % (EER) ¢
1o AR S R B R R B T AR A U RGN K S i
SEAEAN R BT R PRI FE A SRRl 2 BV U R e K A
DGV RGUR K IR T REAA 32 £ AR A8 30 i 7 1) 1 52 5
R S 2 M IX ) 26 B % SR A 1 B R L R o
DX 4 A BB & S RE(E FH 2 LU B 43, 7026 A Al B 7 W R
FIHIREME (5 53. 43 %0 A BB BT &7 HLAH 2. 8904 AT LA
ZERAE N Y NN A N S A R N U
HL T AN F) B PR BT 2 %8 3 B 4 23 2 0% R T
M), S R XA Ay A0 b 5t A A B A S AR b AN AT BT B¢
U5 TE e 5 R0« oK BE B B v R80R) AR M B0 08 U6
XAESAEER T —EWE XX ESRERE
JIFNAE 23 G R T R e MR
2.2 ETBEERITENAE

* H PSR(Pressure—State—Response) &5, L)
X3 3 ZeF84n, B J7 46 b5 IR 25 458 A5 F w57 45 Br
JE JI 48 bR FAE NS 2 T Fat 2 06 sh X SR BE 4R H 5
AR Fr FAFHFE B[R] B B (9 FR 50K 28 F0 38 55 48 1k
O A ARG S BRI IR AN ZE 0 A4 T I
A BRER 0 5 5 M 1 A A A2 A N el 17 3l ok
A% L BH 1k PR 52 RN T B N SIS 2h % R 58 Y £ TS e
LR B & R MAF T N RS IR
AR HEAT AN RO Rt . AR SCRE R TE ) (AL S

WAL T LA K I 55 HREAE S 3 A IXAE 25 R e Bk 25
BFR T E R .

WFE X AL S RGP T35 73 PSR 23 s — oK
B ARBRIEA T A R AZ RS HTi: (AHP) )
XS A TR 34 IR M 22 R 0140 O i A5
FXAS RGBT M LR G IR B (HED =

(D) PR F IR, 2 B ok ' 1 38 4
A I LB X 2% IR AR AT IR A . B AR AR
5 A 2 AR A B A 1 0 5 1 A [ R R 2 X
(1) 25 M7 1) AH s i 2 50(2)

%25 %
o 1
P=1rm o (D
1
P=l—1— amomm (2)
oA P AR R I FE A 00 A4 S R GRS TR AR E N (E

(TCREAD) s R Fom B8 bR B {E (0)

(2) ZHTFLEWAH . 8 HZ XSk (AHP)
b RS R o S ST Y B2 = A e 8 1 N = A/
KK,

HEI= W, <P, (3)
[P NE ¢ D HIUEE PR PEME (CTE ) s W, N
55 0 T0RATH A AR A (40 R 2 R W ik )
2.3 EMER

T 2 6] B 5 XS 1 0 4 o0 B S AR DA R
W BEAELAE AR T3 7 . T AR B 2014 4R35 B XL
5 DRI g X f BRI B 0 B A RS DR 3 A5 75
Y RAE,IF i R ETF 545 20 55 2200 500 7 1E A
HP,.

HW AT R G AR FEVEAN XA PR AL 19 43
T 92 5 T 2 AN 45 SR L i ELYE 230 T 25 A PR R
R 3 A T T B PR 8 A AL R Ut A 2 X
T F A o TR TR S REUER & T
FEME L AR SCR R R Hrid (AHP) S 4 1T
M T A R, S R R A M AL (| 2) Lt &
FAEFNNT P BB I 7 AEE AR SO 38 2o 5 Y 7 A
[ A A5 R A5 2R B T 20 B % A &0 RO IR
T - 4 B A R B e T B Y R

3 A0 EE A RO R I0E A R 2 2 T L
B A A F W R TENE P, IR 2 2%
GV R P W, A TS 2R A R AN
FEH LUK B PG 22T 3 A X AR 25 R G fa i 1 o it 1k
TEAN EMN S R 2,

R A SCHf 8 W R R AR & B R P L 22 1A
TFLRA VEH B 77 75 65 VG 22 T I A DX 3 X Bk e X
3 AL KR X A IS AR B VEAN AT TR L AR B T
3ANIX 2014 4F A A fE R 9 25 G O f 48 B P IX
(HED 4 0. 704; Jft 3 X (HED )y 0. 402; & % [X
(HED ) 0.705, & 3 A LLAEH .3 M EBEEOKX
(1) A 25 A B R B 28 v F b BT (2008 4F) LT (1995
) AU (1988 4F) ST (2003 4F)

(1) ko3 Hr. YR B I0UHE bR 1F 0 (5 19 11550 45
RT3 KR XY BE [ 78 5% BB (E = R
AN REHT G IR A W) 2 PR S R U AL 4 Rl Ry 22 4R
BB RG RS B AR T, 3 X A RE
PG RIEAM A 38 B WE (EAE 0. 030~0. 075 X



543

TR TR AT R TR T T 3 A R AT L IX A 5 4 FETE A

321

[ 1] FE {FL™ H 238 AN T O B IR BB AR o5 HC A PP AN (.
B o XUEWT 3 A BXAETT A F A B AT 5% I A9 [+)
It 558 S AR A S i A RE L R BE i 280 A1) AR
AW T THE 22800 3R B B . B 2 T

e Tk A FR AR, 3 AN XA 28 — 7k 5 1 48
KGR 3 R AL R R T AR O AT R G B 3 FE
Ko A AR BT, LA B 25 28 U R i I S R A 9 K
X AR AR A T —E R .

| B VR |
2

[#% ] Wi 5
A
Al TA e|[B|lr|[@||R[[B||E||E||A|E]|S]||8E]]® glla||lE||#T
=R EES || E|| D[RR F[|O[[F||®||E||lE WIEF|E||&F
# (| = g glleg||E|E||&B[[2||0||&| ||| A||E||lEB ||| R &%
Bl |3 BVl | [B((E[ (||| B[R] |E|| S Bll&||&%]|FER
T || B & ||wl|w(|F||e||®]|»||[E2]|E 2 |BE||T||T||£E
e % || # E(FE||F||# 7= AR ARk
7= Rl 2% 4 Bl &||&||2%
# & R Bl &||&
b3 ke BlIEB||I&
1 %l AN EGRRES
¥ || %
=
B2 ERregrEs
K2 WHESELFREEFERETGIERLE
S b PR TR WP X S X 7 g X
: W, MEEME R BIPEAN P, MEME R AT P MEEMH R BRI P,
JNEE:YS 0.1582 0.187 0. 947 0.791 0.065 0.311 0. 850
ANEWE T 0.1032 0.663 0.183 0.762 0.083 0.751 0. 090
RS BRI KE 0.0252 0. 310 0. 851 0.579 0. 326 0. 266 0.896
Hfi; GDP fe#E 0.0051 0.182 0.949 0. 209 0.935 0.795 0.062
(R A 0. 0084 0.878 0.030 0. 847 0. 040 0.776 0.073
W I REME L 0.0126 0.262 0. 899 0.593 0.298 0. 245 0.912
R 0.0063 0.214 0.933 0.218 0.930 0. 229 0.923
S A] B H 9 R EAE L 0.0171 0. 462 0.586 0.500 0.500 0.534 0.423
B AR A 17 0.0085 0. 605 0.724 0. 304 0.142 0.502 0.505
Y Z RIS 0.0085 0.518 0.541 0.463 0.416 0.528 0.564
ERRARERT 0.0071 0.131 0.033 0. 209 0.065 0. 336 0.181
NS 0.0107 0.328 0.829 0.602 0.281 0.382 0.747
REFE YR - A F 0.0214 0.542 0. 404 0.127 0. 969 0.164 0.956
AR AT 0.0041 0.483 0.461 0.123 0.030 0.111 0.027
EH =% 0.0123 0.506 0. 486 0.513 0.470 0. 540 0. 409
R NSRS 0.0062 0.533 0.423 0.541 0. 407 0.563 0. 359
S50 B AR 48 A% 0.1597 0. 346 0. 805 0.915 0.023 0.124 0.969
EZN S ARASUE RS (¢ 0.3192 0.131 0.967 0.165 0.956 0.157 0.959
ER RS FHEEE 0.1064 0.182 0.051 0.179 0.049 0.194 0.057
LA 1EME HEL 0. 704 0.402 0.705

3ANXKAE KRR A b O TR B A AR S 4
DERCAR » AN W ke 38 A 285 PR 05 491 237 9 X 096 i 2
TET AR 3 D3 2 e ) 3 38 DL R AR e X7 0 Tl
Pl [XH) 56 35 25 o folf 4 2 28 U e 0 A= 25 R BT AR 47 B
PR, —E R BRI T AR S IR SR N T A
ZHAE. ATRIE L3 DX RS R RS T
A A PR I R (E S T sl 0 3 T 2 A A AT SR
B[] A S0 B i A BE (L R 2 5 AR 3 R i L AR
A A e B B LG SR T )RR A e R A AR

WA I A BE R A ROR A Ml B ¢ O L 428 i
X A BE IR AR A BE AL B 3l S 32 8l . A XA
P v A S AR L R B AT R R I F Y

(2) ZHEMEIHr. 3 D RIEH L X B2 7R
TEN FVRE NG ST i D BB L L A AR BEA
WA AR T AR N R 8RR I T A T
180 W X R AR R TR A X N % B R NI B T4
FAXT D ER B PO (w7 - 20 31 08 0. 947.,0. 1835 [
SRGEA N At S T PR R 3 A X g« 239l



322 /S o T S T

%25 %

0. 724 J 0,461, Bdn UL i85 HF XA 2R 3505
ARG B S AT R 1) AR 2SR SR A 32 X AN AN A 2 1
TS g st 1 AR [R] B B I 3 R AT A BRI AR S
PREEAR RSO0 B o AR X8 ol s AR,
ATV RIS B T 2 2800 Tl A 7 B AN AR
2 M A AT T B R R AT 9 A  [R) IRt Xo A 2 P A T A
T—EMES . BRAREARN A BB L SRR
RE 7508 o fEL A0 SRS B B IR kAT 5 BROT AR AT L A
DRV R RS R A TR A Al e R AT AR 2
%, PG, % XN A BUAT AR A5 PR 05 19 JE b L 3
5 ol e 1 B = I RS L O 4 v B IR T A A
i a S .

JHE B DX AE 4y 388 A DX 35 =l o 1 7200
W IR AL B AL 2 BT RO R IR B &
RO BT A N F i BE 4R b AT BT AR A R 3 A X
N AN A G B AR L LR W (E
AR, 390 2 0. 065,0. 083, 35 X A ¢ AL 2 28
D e o v B A2 A B BT AOR 3 A SCAR iR 98 1XC L 3k i
S BIX B 0 o X B 3 T 2 el A 7 i AR A e )
FEL AL N 2R Bl 1 P00 21 358 38 A8 T ) 4RO BT
F 32 DX M B 7 R L Ak T T L EAR TR
B2 SRR 3T R R A T AR B L E Y

AR GRS S — 5 THAS M (AT 14 AR W8 A
YR 53 —J7 T JC AR T At 2 T RGN
PR A B R 3 B R 2% X AR 25 il BT i BRI B9
. BIRIZ XA 22T L RIRIE R H AR5
ARG ZE R B PRBC . (1 AR BT IR - i e A 11
WAL BRI IR IE N 2

AR DR A BUR L Tl AT R SRR 3
— PR B IR AZ L X R RE A7 AR NS 3l 3 ) L
{E 5 32 Y [ AL Tl 2 77l R B PR B S ) L 3 DX
T HEE S 3 AN X R R B 5396 . X BT AL Tl
bl DX R 50 O 1 G ok T A S sl A LR
B — 5 04 AR A I S R Tl Az 7 AN Al gl o K
THAEAS A m] BT B 0, e X3E A D L 2% XA Al B
BEIRLE G TN (E R B IR A 0. 423, B THZ X 14k 23
ST R EBAREE R 7l BIVHE ST AR A AR BT IR AT
FESLAN 2 b X b A SR A SR R AT R ZE Y . R AL 0
DX A A 119 BE ) 25 5 PN (LB BT AE S R G
PRI 85558 » USRS BE S I 3 B R B AR R R
TR Z AL U R AR IR ST . R % X Y
R AR Tl A 7= ) U B B R R AR & T3 =
Pl AT LU ) B =l Rk AR L 4R R X
A SRR

R3 ARTINREIEREERSEMMREEE

W AN YhefE/ fig fH LN EEPS [ EREES Hefa HET
sej B4R/ WM/ (sej/$) fazk=x (sej * m™?) % 15 %

i B IX 2. 70E+16 53.25 3.26E+12 13.12 5.06E+13 0. 2643 0. 704

JHE 3 X 0.65E+16 54,12 0.43E+12 20. 87 5.13E+13 0. 3346 0. 402
XX 1. 74E+16 56. 32 1. 25E+12 33.58 5.40E+13 0. 4370 0.705
Jb 5T HT (2008) 1% — 37.00 4.06E+14 3.93 — — 0. 169
J T (1995) 1.34E+16 47.00 5.83E+10 20.70 1.20E+19 0.62 0. 144
k(19881 2.25E+16 2.00 1.02E+10 — 1. 19E+20 1.28 0.101™
I (2003)0 4.90E+16 — 2.78E+12 — 8.05E+14 — 0. 159

3 WS

ASOW T AN A Odum™ Y REAE 20 M7 7 1 5
FR%  Brown ZET 4R G EST YA br vl AR i 72 % 4
IR S S AE S R G REE A MT AR SEAR S & B T X P &
T X eI DRI A e XY R (B3 43 B . R H PSR
AR T Ml VTN FE PR AR 2R L SR BRIE T VS5 KA
FIUA BB S5 T ReAE A b 9% IX AR A8 R G g AR S H8 bR
Wi R iz H A PR BRI S& D HEAR TR
PR R UG i st e b i 47 A b 3 B 5 22 A
FEE VNS 025 DX A 25 R DEAN H8 £50Ch i 175 X
0. 704, JEES X 0. 402 e R 9:1X 0. 705,

WM X ARG S TR B AR TR S A AR
AN Z ST RE J7 B I AR A R i A3

B LA 1 I DL AE S A I B R SR AL s 2 T R TR
B AE S E# ., HREIZXE =S g 47%,
Tl Az 7 X6 T AN AT 5 R 8 A A RO S R T
M X T RS R R N IE Y RS A L A
BRER A SR BT IR R A = RO S A B - B R B
RIESHELROCFR 5 i A b A S R AR

S X E B = o A S AT R Rk
SN EPSS AP NN Ui S U (R 31 TN S S DN
R B 199 £, A B Z Y T30 x5 e 35 DX Y 2R
BB ER T — &1, AR R H F A%
LK 5 4 e TR AE R SR % X R [ AR TR AR
s LA A1 A A TR 3 R R AR T % DX A A
B WCE I F B 2 DX R B TR R A0 L 0 A g
VR AR AE A M AT 19 B AR BRI A L AT R



543

BT E T REME TR VLT 3 KR O XA Sl PP 323

FIH R N EUOR W A 5 SRR R SZ BE T OE R

KBt 2 2P R 5 5 AR A PR BE AN AR B R 4 i
A e DGR E LASE Z 77 o 32 BB B & R LA

B B BE EE =L . KNS &

TrR R, A EZ R % X HErS kb

4K, Ry 53 %0 AT BEFR R G R 3 A R %

O X H R 22 3 5 R A A i AN BT P A R 0 R TR

B 2 7 A T ™ =S G BR 12 XA R T

B85 Ul B T A= 77 R i PR 05 15 e X AR 25 R GRS

A — € W T3 T & A ok Ak 25 28 B Al i

SEAE BARBRIRM T K 2 LR R HUR . AR A

Al R B R A7, N A Tl 5 A S A T R

Ji T 3 ok PR B ) A (] B S B B AN T R R L 8 AR

B EE =l
ASCR RS BT T B ST G A S R G A S

G BRI 3 A XKW T A S RGE AR bR BRI K

SRy 4 T M A S R T I T RS R R R IR A

B 3 A~ & A% 0 DX B P R 22 S 1, 2 0 AE B Y

W [AAT A 2R 0 A0 2 728 B TR 45

Bk, iz R ik (AHP) #n 2 7 25 &

VEA 0 VA M A B R 1 A 2 B S s T O T A

G, HBEAE 53 A 00 B BE AR IR T e i AR 4 5 5

Hb WS AR DG BT, TE IR Al ECHE I AL B b o — R 2

CIECEEA ISP

BE

[1] Ulgiati S, Odum H T. Emergy use, environmental loading
and sustainability: an emergy analysis of Italy[J]. Ecological
Modeling, 1994,73(3/4) :215-268.

[2] Nelson M, Odum H T, Brown M T, et al. *Living off
the land’: resource efficiency of wetland wastewater
treatment[ J ]. Advances in Space Research, 2001, 27
(9):1547-1556.

[3] Campbel D E. Using energy systems theory to define,
measure and interpret ecological integrity ecosystem
health[J]. Ecosystem Health, 2000,6(3):192-204.

[4] Bakshi B. A themodynamic framework for ccologically
conscious process system engineer[ ] ]. Computers and
Chemical Engineer, 2002,26(2) :269-282.

[5] LanSF, Odum H T, Liu X M. Energy flow and emer-
gy analysis of the agroecosystems of China[J]. Ecologic
Science, 1998,17(1) :33-39.

(6] ™k, Odum H T. Pk &2 07 RYCRE(E BT 5 ol Fp 4
RIEWFFELT]. B ARG IE 242 . 1998,13(2) : 116-125.

(7] BEZEI7 R R F MM RE W R R REBE S 1
REMELFE AR [T ], EPRBE R ,2002,22(4) : 380-384.

(8] FEFEAL . EREIT. M5 BT A4 75 R SR (E 09 50 17

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

P L), 3oy #1458 5 3k i 2 45,2006, 19(4) < 1-3.
XUBFIR A b, R A . 5. T REME A AT S &
GARFEITAN : LA Sk i S I L) ], A= 25274, 2008, 28 (4)
1720-1728.

Vs AE Bl 2 05 R B, ZE T REE T ) RAE S
LW RGLEA M L] B AE & i), 2006, 17(11) .
2147-2152.

Wi DY B Bl DY RS R
A 2523 .2001,12(1) : 129-131.
Odum H T. Environmental Accounting: Emergy and
Environmental Decision Making] M]. New York: John
Wiley and Sons, 1996.

ek . LA IR b AR S TS T BT 1 SOU AR S A T
20 FFE LD, AR - U )1 K%, 2002.

Rili 205 W7 AT TR IR E A AE S R RER
BRI Ty e L. 3 BRI A= 45, 2005,18
(4):34-37.

Fo B v PH B R R L S T RB(E A M IR T 3 A
INTURL A S & R B gE [T, R AR, 2012, 32
(11):3635-3644.

S RES . . R XA T T &
JRzs |4y )], M FRAF Y, 2012,31(12) :2173-2183.
N R, M E R TRESTNI TEESS
Ve RG] F7 2 R R I )], I AR 45 % 4k, 2014, 25
(1):188-194.

TR T X B AE A L AR AR X I A S
FRERRME L) . s ERBTSE . 2013,32(12) : 2346-2356.
VFCAR - B FH IR, 5 T PSR—W AL &5 G i e 4 50k n 3k i
WIEA B RGEAERITH [T ]. 7K 3C,2010,30(5) :64-65.
THE R TR AHP /9% b 4 35 R 48 @ 5RO 4 o
58 AT = s R e S 2 0 Ko BT ]. 22 WA
2014(3) :33-39.

s B G o B TR SR AL AR AN AR G M B T 40 B o O R
(). v E R 2F T8 R ,2010,26(21) : 291-296.

WL, AN, R KRS R G A B
GO SR ] AR, 2007,27(11) 1 4877-4883.
X . Jb T 19982008 4E AR & B R GG EH M
[J]. &% M, 2010,30(8) ; 1367-1371.

TREIE T, DR L BT R AR B AT RS
G305 AT R R R He i ()], 4 B3R . 2009, 40
(5):1193-1198.

VAL W07 ) M S HE B E A& T e oL ]
PRI R ,2003,25(1) :47-55.

24T BRMS 6 £ AL IR IR B A T R (4 A AT
FRe T[] ], A AR . 2006, 2(2) 1 439-448.

Brown M T, Ulgiati S. Emergy-based indices and rati-

Sy HrI]. RE T

os to evaluate sustainability: monitoring economies and
technology toward environmentally sound innovation

[J]. Ecological Engineering, 1997,9(1/2):51-69.



