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Establishment of environmental sustainability assessment indicators based on

material flow and ecological footprint model in Tongling City of Anhui Province
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Abstract; The study combines the Material Flow Analysis method and the Ecological Footprint Model to establish an
indicator system of sustainable development. On the base of the indicator system, the state of ecological sustainable
development during 2000—2010 in Tongling City was appraised. The results show that; (1) The direct material input
(DMI) keeps increasing averagely, with a value in 2010 2. 65 times higher than in 2000. The proportion of imports goes
downward, while the DMI still depends heavily on import activities. Domestic hidden flow takes a large percentage in DPO;
(2) The resource productivity of Tongling City has lagged behind the average of the whole country, though a progress has
been made in the past decade; (3) Ecological footprint shows an increasing trend, with 7 hm® per capita in 2010. The gap
between the ecological footprint and the ecological carrying capacity has been widening; (4) The indicator system shows
that the level of sustainable development of the city is gradually decreasing. To achieve a real sustainable development, it is
necessary to adjust the proportions among the primary, secondary and tertiary industries, and transform the mode of

economic development by building circulation economy.
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H R O] 722 & SR i Fa b S H e SV 7 AT 9 24 Wi ] 452 K eI B i AR, BR300 1Y
AL R SR A AR M OHAH R 7 i E BT 40 O =26 AR — R LR G IR Ay 1 48 A A e bR iR R | e
A T HRRLE & JE 23 51 S #E T I0 SR Sl 1 RS- [0 " FE AR R B b R AR B T RS R RIS L B <
ATREEE R PRI R P A5 58 TR T B AL A (E MRS AR IR R, A0 Cobb 548 M < B9 & B4R
7 ) , Daly AP AT RS A TR RS R S o = 2R BRI A W BB T B S B, Wackernagel [1]
A, Odum AYRE(E TR Ayres BIMI R A AT

LEG AT RRSL R SRV UFE PR A R BUBIESY , 55— RAR R IR R T 5 2%  BRAEEAN IR 55 0P R REHLIE
RS2 SRR | 1TSS = 2R R A R ELA BRAR AN T BV A A5, 2 T i) AR bR g & Mo, 28 5 it
PTG Z ] X 22 ] He AR R e 2507 bl TR 0 M 3R 1 B 5 T80 3 [ RE 24 AT A , 7548
PR R AT R MK LRI E R iRk RS bR R R AT ZAR SN LA 583

BRSNS TF W T AT AR 2SR 3 A3 HT B 454, B IR 9E 2 BE AR B/ PR B8 PR S A b A 1, 75 57
ek R AR TR RS R VR 2 A ST AR b A R X SR 7 1 PR B O R AR A, #
U A SRR A 25 30 B A HE T P G IR T R PR BT R T PR AR B 5 FE AMIF 5T 3 A B A ) o B %o
A2 A BT R A R W0 Barrent ™ A5 R FH B0 A3 TR AR CAE B, A% S 90A% 22 N 1 JROM R B TR 45
T A A 305, Simmons' ) 5 Gossling ! ZR45-4 5 37 -5 A A5 2 308 A 45 4 07 T 26 28t T A v, BB BB 5
TR o i A A 285 R B A5 5 AT AT RS R RIS IS T AR 2 L

BRI T+ 2009 A4 [ 55 BE s N7 ok 5 R IR T 2 — PR B A T A S AT R A
B IS AR SO TR RPN TR AR AR R DB L, 455 W 0 0 A A AR 2SR B R AR R RE A AT A 35 8 R
JRAS BURAE A Z5 G HE b , S B X SR G5 I i e s 1) P R VT AR B A &, R BRL 3 B oA T
2000—2010 4F[H] AT 422 & SR AE AR S AR 34 T AR T 235 SR 1 A 282 AR 130, kg At B8 5 A3 T 7 P
FRE R SRR IR S M2
1 MRERSHE
1.1 WBuin s

Py B o3 A IS ) B i H A, IS ) B DXl N B U B AR E R AR, I A S T RS dR AR, A
DR T R 2 e b 1 1 S8 B AR A )L RN FH eI A B O A BT HE 4 R SR R T 2001 AR g
APV OMREAR SOR TR R SRR AR AR R IR SR, R M SR A T IS PR E N R TR (R 1) .

1.2 SR

A ERTOYI=S U % (=14 U R = NI ) U= Ko d g - 1) e S N W o )7 ) €0 Y e w1 AW
BRI — M X I AL 25 NS0 AR 8 A 7 1 - Ml B o P AR L RN R G AR AR B R
BEAT VAR We X T R & R BUR 20 ARBIR G 26 P15 AR 285 L 3 s, A= ) B VR AN RE VR 2 300 B 4 it 5
SR A 7 BE RS - b2 R R R T 51 Wackernagel FOSCRR™' 2 e T A SR, PR RN
TR ISR LT 5 2 N B A e K
1.3 o

A S R 3 HrF o8 Tl B 48 R AR R I N TE G AR DG 3R | DU AT 1582 2 SR 25 B FFIE Y AR 22 45 b 42
BULAS L B, 20177 437 0 5 e 3k T T 4R S Jie AT (R AN Al SO 7 3= 5 e PR 22, O R FHAS B 2

RARPPAR AT RREE R AR . B N AREAR P AMEDR, X = (5,2, -+, x,) " UL A BEAIL 1) o, B2 SR 2
TR F=(F, F,,-,F,)" U,
X =a,Fi+a,Fy,+-+a, F, te
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X, = a,

PR AR ] FFEREIE R X=AF+e, JEFFE A= (a,) BRI T3 ML, e WRPIRIN T, 3R

J A A AN RER Y T AR R R ARy o AEDR T oA R eh PR RS A B TR O AR R R A G SR A
EQX%%?ﬁﬂe{ﬁii‘%/l\?ﬂgﬁ( En%ﬁ%ﬁ) ,ﬁﬁ%*ﬁﬂﬁ:Fi:bilxl +bi2X2+"'+bipo(i: 1 s T ,m) ,iﬁq:' Fi

N AN TR5Y . B AT Fi 1977 22 SRR B, MR ZR G VRN BRI F =0, F) 10, Fy +- +
w, F, o ASCHVBEATHRORS R A SPSS Geit o Hr ik ik ik AT

F1 EKEMRERSTERERSERITE

Table 1 Index system of material flow analysis and calculated relationships

M At

Shortening ~ Accountancy principle

Fi+ayFy++a, F +e

pm~ m

F8F5R Index

Yy A T8 b HAEW A DM DR TR + k0

Material input indices Direct material input Domestic material extraction +Import
PIFURBA ™I BT + K3 RO
Total domestic material input DMI + Domestic hidden flow
Py o R e VR PBUREA + HE O B
Total material requirement TMI + Import hidden flow

Yy 8 bR DX T HE % DPO AP IR + W) BRI 2R

Material output indices Domestic processing output Emission to the environment + Waste and loss of products
DX 3k A A I~ DI PN T AHERR + DIk A BB
Total domestic output DPO + DHF
Wy ™O DR SR + B0
Total material output TDO + Export

R A YIBE EAF e NAS SR R - B

Balance indice Net addition to stock TMR-TMO

HORAEIR b XA 7 B B R A

Y5 HE FE F1 Material productivity MP

Efficiency indice GDP /DMI

2 BETYRAMESBRTHNTFELZRBIERERNE

YIRS HT IR T 1 A 255 2R G0 0 SO B0R: L) S 2% R GEHE AR I IR Fe i, DA Al A 2305 3
JIT = A R BT RE I 1 = A Ry 48 5 A P16 ol T 7 (9 B 28 [ SR IR B, A 25 M sl A A8 0] Sy = i ) 43
MRt T TR A S R A B v P e X R R R R IS BE ) AR — AR L YRR T R
- MR TG i R (E AT BV A B, SR 4 £ 8 i D T A0 o O D e A 1 RO ko
7T ANFE . W 2, G SEPR b PSR s R TET RR 1 A 32 ] Ao AN T 90 DX BT R 8 e [ 0, BEPT S AR A8 2
TG (5 BAS R B, BB X DX I T 4R & JR RS B ARG 0 1 DAy, Sy e S350 1 S4Bk o I A 1) i B 15 5
AHIFFERG B TSI A R0 AR 2 S A R AR 25 4, EA T T R R R AR AR R SR A (3R 2) , I EE T A 245 5 1 A T e
SRR E S W AR F ARG IR, AN B 2 PR B AR 2R BE T 1 &R WF 9 A I DX 3 ) % U8 T RS e B
AIREERE . FER A AR IR R WL RE 3B LA T SR .

(1) mHEMAREEL A YT RGNS R8T 7 RS, BB 5 Hr b i
HE BRI AR AR 0B B AR bR SEATE AR RICR IS bR R A S R A M TR =28 F R bR W TR
BATERGEY T A BN B 3 D B R PrHER , R S B0 ) ORI A8 6s 55 7 T

(2) FTMPEFIA] F PR ASBIFSE B Sk I 2000—2010 4F 5 1Y 4 B G0 4R %) Ko (s T 31 45 4
THESR ) PR B i 7= e IR R A, B A AL BT VA B AR T b ol B Vet 258 5 6T B 58 5 b DX 22 ] 1
XF L, FEREXT DX 8k T R4 2 e KV RE 14 H B S0  LI) Al e FPEA
3 MIRERHH
3.1 Wb B A B SR TR A3 b

M AT A, 2000—2010 =452 15 B i A 859. 74x10%t 14 5 2274, 30x10%t, H41F = 15 165% |
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YT R B 5172, 76 x10%t 38 2 19862, 15x10%t( £ 3) , X3 A WE IR IR At 11 i oy 590 i A 1Y
FL 43 A 2000 4F-[1) 40. 6% F159. 4% ALK 2010 41 42. 4% F1 57. 6% , #1195 ELEA IF T [, 4 s 5%
VRFERTE SA T (HE OV B LR EAT R T IX N R LU, SR IR B B I A iR ik, B
W) I s AR T R R 1 b TR SR B AR e A AT R G X A AR TR I A B FHAE RS N, &0 R S is

AT B TR SV AR

R2 ARTARERRIFREITHER

Table 2 Sustainable development evaluation index system

R4)Z Category

A5 H )2 Variable

i Explanation for index

PIBOR AT T RS

Indicator system of material flow

R RS
Indicator system of

ecological footprints

HHEYIB A (DMI)

Y R Bt (TMR)

X0 T A (DPO)

Yo PEAT RS 1 (NAS)

Y= S (MP)
N A
AL R
TiJG GDP A 35 il

P At B — A [ G ity X R U JH 5 AR 2 A B T p e |
I TSR T2 | DONTE T B B AR T A RORE I

R JE N E1 SR B U R A BRIE S5 55 0 RS L T4
7RSSR (47 5 U 06 T 5 6 P, 3G, 56 B2 09 O 5 2
g

R 1 X 0 A 8 A 24

A R X WO 6 R, SRR, 229 3 5
MR T R ) F B

PR AR B A RS0
AR M A 1)

SRMTEIR R UL R0 BRI G )

MK 7 T, 2000—2010 A4 B X80 THERON 194. 02x10%t 3 2 253, 05x10*t, Bk S FTh#aH (=
7E 2003—2007 4F[a] H T B, 33540 B T 5 BRBE 16 FEAR 2 s xd Tolk« =& WA 2R 1 A ¢, SR 1
T A PR AN T XN 0 3 B 9 ) SR s AR DR ARG A DA T -5 3850 X PN o Ot B 2 AN T -
2010 4 [X P BRI i 3k 3273.57 J7 t, 5 KRR L EE 92. 8% , BN IR H 1 ) BRI R & BRI A=
DM I RS,

YA 7 T, 08 A e e b TR g W B X S A ) B KO E R i ARIR
HKF ,2000—2010 4EHBE Y 4= 7= J1 (GDP/DMI) ik F & EFF#4a%,2010 4E35%) 1313. 86 JG/t, A H 2000 4F
B R 49% [ N T R TR R X L, A B A A A — e 22, R LA RO | AR B T
A7 1T F AR o H B T 7 Mk 2548 L B SR BRI T RN T ATl 3=, 2 B3 KA AT R 1 4%
A AR Y S e B i AR B AR AT RIS I AL 254 e R AT DLtk — AR g A R ) SE A SR R G
OEESEE 5 3

F3  2000—2010 £ M RFIERC A
Table 3 Material flow in Tongling during 2000—2010

AEHY Year
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
DMI/ ( x10%t) 859.74 934.32 994.67 1225.36 1507.68 1694.97 1791.16 1746.54 1971.36 2121.36 2274.30
TMR/ ( x10%*t) 5172.76 6335.31 6563.90 8529.67 11152.13 12675.3 13665.01 14612.24 16735.05 18369.51  19862.15
DPO/ (x10*t) 194.02  198.00 210.52 211.12 188.22  180.87  156.01 89.75 154.16  196.49 253.05
DHF/(x10*t) 1274.64 1542.10 1689.68 2167.12 2676.52 2464.41 2662.52 2880.46 3546.59 3914.24 3273.57
NAS/(x10*t) 3402.75 4250.01 4260.67 5637.50 7688.32 9362.20 10059.97 10806.7 11959.98 13046.19  14933.57
MP (JC/t) 880.60 888.09 925.15 866.62 835.35 875.31 961.66 1135.15 1138.45 1202.89 1313.857

3.2 HIBET AR RIS 55 R
Bl T 2000—2010 A 25 2 8 A It 25 K 75 SR B 245 S 0L 3 4, 2000—2010 48], 4 e A3 A4 25 2 5 i
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2.9627 hm®*/ N\ _LF+2R 7.0016 hm?®/ A, 6B 2 T %8 H: 19 SR 965 A R P R B 2 A 38 , DA 28 12 30 P ) 1R
F ,2000 AEAEYFHHE 5 A R IB 1 56% , BEIR T HD 1 41% ,2010 4F, W43 51553 27% 71% ,AEY) FH Hb o464
JOT T B T RE VR FH bt BE_E T BEVR A BG5S R 92% |, RS BUES B BT EE R,
J52 W] i T 1 & TR T R VA 1 1 BV RE . A AR K3 1 0. 2784 hm®/ N R ISR 0.2779 hm®/ A, 2L JF A
S THH AR TR, AR FRFH 2. 6843 hm>/ A K EH 6.7238 hm®/ A, & B L A= 725 2 6 5 26 &
HRE T Z B F G 29 KGH SE B RGN ATRETEAWTIE 3

Ji76 GDP AEZS 23 1 2000 41 2. 7002 hm?/J1 76 F 3] 2010 4FA9 1. 7339 hm®/J7 76, Je e 7 98 U5 R
Was R B E Y R RS T A PR R L, AR 2006 4FE T IC GDP AEZS R 1. 0498 hm? , 1435 [ 0
2001 4F /370 GDP A48 iU R 0. 36 hm® il b i A o ode s o 4 I i LA f P 1 W O Rk ol A A, 22 0%
R A AS TR AR AR B G i B A A L2 e i K A B A T A e T B ] s R R

&4 2000—2010 FIFHEADET R EFKRN KT TT GDP &K BITICS

Table 4 Comparison between per capita ecological footprint, per capita ecological carrying capacity and ecological footprints per 10000 yuan

GDP in Tongling during 2000—2010

AR Year

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Ay 75 3 2
A/jq:‘_ Eﬂl/(_hm /)\)_ 2.9627 3.2618 3.2732 3.5518 4.3613 4.7290 5.0558 5.0110 5.4319 6.4111 7.0016
per capita ecological footprint
ANEHEZS ARG/ (hm?/ K)
per capita ecological 0.2784 0.2741 0.2727 0.2677 0.2743 0.2777 0.2638 0.2513 0.2638 0.2689  0.2779
carrying capacity
AT (/N

; ) o 2.6843 2.9877 3.0005 3.2841 4.0871 4.4513 4.7920 4.7596 5.1681 6.1422  6.7238
per capita ecological deficit
JI7G GDP A= 745 E ilb
/(hm?/10* yuan GDP)
ecological footprints

per 10000 yuan GDP

2.7002 2.7399 2.5013 2.3717 2.4805 2.3020 2.1459 1.8615 1.7883 1.8589  1.7339

3.3 RS R AR

FEW T 53 BT R AE 25 R 0 43 BT (R ik b AR R R BT B B ZR 5 8 b, X R 45 T RS & IR O ik
P4 Pral , ERTEORESE T IE [ AL AR diE AL 5 , #E4T Bartlett's BRIE ARG 56 | K056 45 5 07 40 -2 i WL (5 N
184.224 ( A HIEER 28) ,AHN IMER P #2300, /N T i MK 0. 01, PR Fa 4 i B 1 28R A48 f 2 (Rl AR AR AR OC
KR JFA A E A MR F i,

TEFREUR T SR 2B e B R AR (R T 1 AR IEAR SR B AN AT F L F, 55— T
TTHRAIA R 72% 55 R DTER A R 22% , W95 1) R DTHRR R 94% , ik LR A8 {5 B R R,
HF BT 25 SR BN AR 2y 25 i KR e A% ), i Hh R - 3fer J1 L, 25 SR L3R 5 Rl o, & e Je L 58
— TR IR 5. 611,15 74% (BT , 55— PR 7 X i R DA A8 s 1 sk e K, 38 IR PRz, SF Oy il
1.923, 5 26% WAL E , AR LR 7R 80% L I+, B4R B ZE RO FIAR 35— T, m iy iy AR
DMI, TMR \NAS MP A A2 576 GDP AR, e T XSk R IR A BRI R SR B A = e 5
A HA 4% IR AT, 58 IR b AR AT AR B DPO A AR R 3R ) S T IR BRI B R T
2 NG, AT RS R R F F R ZRE, A B 94553 20 51 e LU A 45 3] B 45 43 220k
H AL BES ,2000—2010 4 (B4 B T AT 422 & e i AR S an &l 1 iR,

B R T2 AR 2 481k ,2000—2005 4E[R] AR fE 55 /1N, 2005—2007 4FHesk FTH, 2 )5 SO BLUR [, 78 =10 A
T PRBE I AR AR BE R . 2005 45 il B T 6 [ R B NG I 2 B A T 3 0 A 2R U A A B
7 SE BRCHE = B AL HE AR B e, Tl AR W25 G R R ik — 2D 4R & N5 R A BT g2 i, SR T bR T 006
PG RAE T ) 1 32 B2 0 B T BLRIE T, G0 s30Tl 61445 0 300 1040 %% 50 D I A oA o b B8Ry 1 7 et )
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] N BEZZ M A B R ), (R TG AS B ISR | e e A Ay 0 0 R 3 T S AR AR 1) o I
e A R HER R IR AR 2007 4F S THGH AT R R 5 B ik 1) R

IR F7E 2000—2010 4F:[H]— FL 52 R R H i T HAE & TR 1 (AU T2 R R i R
BRI 2, AR AR ST, R S PR REAR D R R AN BRI 12 25 S e e R () S A G R A Tl | EL A fief B 1) %
VRIS TTRRAE . =0l Fe ) e i | AR 7Lk R FE A i Tl e [ ERS 22 5F v A i A7 28 L2000 4F W7 lb L 41
17 55.7% ,2010 4F LR R 72. 8% ,11a [0 77 Ll — BRSO , 40055 & R ek TR X 98 8 0 FF & AR
el g R T e R, A AT R LR U U B 2 1 S R SR P T YRR R 1 A
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Table 5 The factor loading table around rotations

FRIRTT Before rotation matrix JiEfE 5 After rotation matrix g4 ] 7
F—ETF B HFF, BT F, FEEHTF, Communality
DMI 0.973 0.098 0.176 0.021 0.957
TMR 0.989 0.094 0.178 0.019 0.986
DPO ~0.169 0.946 0.077 0.531 0.918
NAS ~0.989 -0.103 ~0.179 -0.024 0.989
MP ~0.896 -0.113 -0.164 -0.032 0.800
AYHEZSEIT Per capita eco-footprint 0.968 0.215 0.188 0.087 0.984
NIGEZSHRES] Per capita bio-capacity 0.393 -0.879 -0.031 -0.502 0.931
]ijlﬁo ;:J:l i?‘;’i tiier 10" yuan GDP -0.979 0.096 -0.155 0.086 0.968
-5 Fil Square sum of factor loading 5.782 1.752 5.611 1.923
4 #Hig 100 - o FHRA T
2000—2010 4F 1], 3L T4 R P2k A s sy | AL RET
FIRREL A TR PR R R | A I T AT R & RO A & é wl
T BB IS R T R KSR & 32
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VRIS K, b S A R T At R 7
FREL Y Iy 1n) R o AR SR BER AL T 4 B T >4 i I % 72000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010
i 2 U ) UG98, et 1 1L 25 e
SR T | b M B B 9k A5 A R ) I 0 I A i G o H1 FARESTHELREHE

FH TG R R AP0 K 5 X UR PR FIFR S 25 /g 2 [i]  Fig. 1 The synthetic trend indicators of ecological sustainable
B9 JG . kST F AT 59 T Rtk s ey development in Tongling
T T 0 RSy 7 AT

(1) EER  EatH R A 5SSO0 A= A e S B4 s 23 1) 454 2 254, e e+ b
R 2 4 T 2 IR 2 L T B ATl K ST (8 A A 3 ) R B K DT S =0l 5 R A 3R
e GRS B B R BT R | ISR T B

http ; //www. ecologica. cn



7 3 AP A T B R A 25 B T R R R A AR AR A i —— LA B i e i A 191 2031

(2) FIrl WRAMEBEIR A PT B, Fe it Ir . 4R m B UM IR, BRI Ik 2 55 4 BT
FORCHSE | S B M B 1o v BRI FL A WS Ao, PR AL 22 55 4 M A (RN , S IR 28 PRz 47 e ) 4 v, 1 e LAl
b BRI HERHOAR | 52 B 28 B 0 1 B R Sl i) B HE Bl A 5, DT S B B A A 2 B AR T 1 T RSk
K,

T [ GEIR BT AR, S S AT LR S B AT S N T M BT k| BES SEBLBOR 2R B B TS K
JEVEAY | AR DI 1T B9 B0 20 A 52 21 2 M S D0 ) BR ) , (ELR 0 e £ AR B DX I % A e e 477 T )
NI nT 3580 e A SR I 1 2 WA R A IS R, [R] N A 285 sl A B A2t 1 AR RS2 e R B2 A
ROPE TR R T AR AR R A IR, X — 255 PG 750k RE RS S A 1SS i) 5 I3 9 R 3 v o) S R L ) e Rp e A
A

References:

[1] YehSC, Liou ML, YuY H. Revisiting the environmental sustainability index; Taiwan’s scores as an example. City and Planning, 2006, 23
(2):111-141.

[ 2] Institute of China Sustainable Development, Chinese Academy of Sciences. China sustainable development strategy report 1999. Beijing: Science
Press,1999.

[ 3] Hardi P, Barg S, Hodge T, Pinter L. Measuring sustainable development: Review of current practice. International Institute for Sustainable
Development, 1997.

[ 4] Cataned B E. An index of sustainable economic welfare (ISEW) for Chile. Ecological Economics, 1999 ,28(2) :231-244.

[ 5] Neumayer E. Indicators of sustainability // T. Tietenberg, H. Folmer, eds. The International yearbook of environmental and resource economics.
Cheltenham; Eldward Elgar, 2004 . 139-188.

[6] XuZM, Cheng G D. Review indicators of measuring sustainale development. China Population, Resources and Environment, 2000,10(2) .
60-64.

[7] LiuG, XuM, YuJ. Reviews of researches on index system of sustainable development. Journal of Chengdu University of Technology ( Social
Sciences) , 2007 ,15(3) :29-33.

[8] Fang J D, Yang Y, Xiong L. Comparison of international and domestic indicator systems for urban sustainable development evaluation.
Environment Science and Management, 2010,35(8) ;132-136.

[9] WangQ, LiuJZ, GuX W, Ding Y, Liu J X. Environmental loading and environmental stress indicators and their application. China Population,
Resources and Environment, 2006,16(1) :52-57.

[10] Wang Q, Wang F B, Gu X W, Xu X C. Resource-environmental pressure and efficiency of regional economy. Journal of Northeastern University
(Natural Science) ,2011,32(10) :1488-1491.

[11] GuX W, Wang Q, LiuJZ, Ding Y, Liu J X. Environmental pressure indexes and their application. China Environmental Science, 2005,25(3) .
315-319.

[12] Wang F B, Gu X W, Wang Q, Xu X C. Environmental pressure of Shenyang’s economic development. Journal of Northeastern University ( Natural
Science) ,2011,32(9) :1352-1355.

[13] DuQ J, Dong T Y, Feng L G. Construction of comprehensive evaluation indicator system of environment pressure of mineral resources
development. Statistics and Decision, 2010,13(10) ;56-58.

[14] Barrett J. Component ecological footprint: Developing sustainable scenarios. Impact Assess Project Appraisal, 2001,19(2) ; 107-118.

[15] Simmons C, Lewis K, Barrett J. Two feet-two approaches: A component-based model of ecological footprinting. Ecological Economics,2000,32
(3) :375-380.

[16] Gossling S, Hansson C B, Horstmeier O, Saggel S. Ecological footprint analysis as a tool to assess tourism sustainability. Ecological Economics,

2002,43(2/3) : 199-211.

Xia C Y. Review on studies of economy-wide material flow analysis. Journal of Natural Resources, 2005,20(3) :415-421.

EUROSTA. Economy-wide material flow accounts and derived indicators; Methodological guide. Luxembourg: EUROSTAT, 2001

Yin X, Ni J R, Mao X L. Review of ecological footprint theory. China Population, Resources and Environment, 2004 ,14(5) :45-52.

Jin D, Bian Z F. Emergy-based ecological footprint model and its application to a natural resource-dependent economy in Xuzhou City. Acta

Ecologica Sinica, 2010,30(7) :1725-1733.

[21] Wackernagel M, Onisto L, Bello P, Linares A C, Lopez Falfan 1 S, Garcia ] M, Suarez Guerrero A 1, Guerrero C S. National natural capital

http ; //www. ecologica. cn



2032 A E = 324

accounting with the ecological footprint concept. Ecological Economics, 1999,29(3) : 375-390.

[22] Wackernagel M, Onisto L, Linares A C, Lopez Falfan I S, Garcia ] M, Suarez Guerrero A I, Guerrero C S. Ecological Footprints of Nations.
Commissioned by the Earth Council for the Rio+5 Forum. International Council for Local Environmental Initiatives,1997.

[23] Zhang H X, Su Q, Zhang ] H, Wang Q. Dynamic calculation and analysis of ecological footprint of Anhui Province from 1990 to 1999. Chinese
Journal of Ecology, 2006,25(1) :39-44.

[24] Huang H P, BiJ, Zhang B, Li X M, Yang J, Shi L. A critical review of material flow analysis (MFA). Acta Ecologica Sinica, 2007, 27(1)
368-379.

[25] PenglJ, Wu J S, Jiang Y Y, Ye M T. Shortcomings of applying ecological footprints to the ecological assessment of regional sustainable
development. Acta Ecologica Sinica, 2006,26(8) :2716-2722.

[26] Yang Y K, Wang D Y. Dynamic calculation and analysis of ecological footprint of Chongqing after establishing municipality status. Acta Ecologica
Sinica, 2007,27(6) :2382-2390.

[27] Qiu F D, Shen Z P, Zhang J, Tong L J. Dynamics of coal city sustainable development based on decoupling analysis method: A case study in
Xuzhou City. Areal Research and Development, 2011,30(3) :67-72.

[28] Liu X W, Wu K Y, Wan L L. Material flow analysis of regional eco-economic system in An-hui province. Journal of Hefei University of
Technology, 2011,34(7) :1066-1071.

[29] LiJ F. Study of sustainable development of resources city based on ecological footprint model — A case study of Daqing City. Resource
Development and Market, 2009,25(2) :128-130.

[30] LiJ P, Wang Z S. The analysis of ecological footprints of Macao in 2001. Journal of Natural Resources, 2011,21(8) :66-71.

[31] Xue W. Analysis method statistical of software SPSS and its applications. Beijing: Electronics Industry Press, 2009.

SE Lk

[2] PEBEBE ARSI 1999 AT HRAEE A R AL JUaT Bl A, 1999.

[ 6] i, FER. WTHRZ R RGBT LA T, hEA D - BHESFREE, 2000,10(2) :60-64.

(7] XUE VL, T ARSI AR IR RUPTOTR. AR TR A4 (RS2 R) |, 2007,15(3) :29-33.

[ 8] Tl tais, Bemn. [ SR T RS R SRR A R L. IRBER 54 1, 2010,35(8 ) :132-136.

(9] FE7, XM, BB, T — XU, PREET S PR . FRIGETR 48 4m S . BT B PR, 2006, 16 (1) :52-57.

[10] 55, ERGE, BUBERR T 2201, XIRZ T B IR PR 2T 52803, RAL K22 ( B RFA ) ,2011,32(10) :1488-1491.

(1] Bibegl, £ 75, XS0, T — XUE%. FRR e n MOSH. h EFRERLY, 2005,25(3) :315-319.

[12]  ERGE, s, TF, 5. WHTT AT A& RIS E . RIERF244M ( BARBMFIR) ,2011,32(9) :1352-1355.

[13] HRIO%E, FEE = 122 R 7= SR R PR T I F e R R R A 2. et 593K ,2010,13(10) :56-58.

[17] EALH. ZHRGEW B HTIIERITE. ARV ,2005,20(3) :415-421.

[19]  FVHE G, B/ANE . AR R, R AT, SIS R4 ,2004,14(5) 145-52.

[20] &b, FIEE. BT AEME A 4 25 AR B A BEIR B T ) I 1. A 252441, 2010,30(7) :1725-1733.

(23] SRLLEE, IR, BRI, EAE. 1990—1999 4F 2Bl AR 248 I ) S TN BE 5 40T, AR A2 2R3, 2006,25 (1) :39-44.

[24] BERT 22 BRIN, ZERE R M0, 0 . WUV S0RIT. AR 282441 ,2007,27 (1) :0368-0379.

[25] sz, R HEIRME, e, A2 R AT IO T IX ST 58 e R A A5 DA () BRI . 7225241, 2006,26(8) :2716-2722.

[26] Mok, 5. MK B LIRS RTINS 57087, AEZB24R, 2007,27(6) :2382-2390.

[27]  PUO7iE, PRIEF, SRAI, PO 2. JE T DL R B A JBE SR AR v v Hep 8 6 S 3 25 0 A —— LA N Tl o 1. sl 5 51 % ,2011,30(3) :67-72.

[28]  XUWeRk, RITFWE, JTIEK. ZBE L RU RGRWI BT T, Z BT K2 ( ASRBIAM) ,2011,34(7) :1066-1071.

[29] ZEfRUg. BEURTII T A 25 s 3 5 A —— LA R T ). BRI & 5 1113%,2009,25(2) :128- 130.

[30] 24 F, EBA. W17 2001 SFES LSBT, HABTIREH,2003,18(2) :197-203.

[31] RERK. SPSS Gitt M dr s SR . db st d 7 Tolk Rk, 2009.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32 ,No.7 April,2012( Semimonthly)
CONTENTS

Theoretical framework and key techniques of urban ecological landscape research --------- SUN Ranhao, XU Zhongliang, CHEN Liding,et al (1979)
Response of sinapate esters in Arabidopsis thaliana to UV-B radiation ««««+eceeeeeeeeeee LI Min, WANG Yin, MU Xiaofei, et al (1987)
Biosorption of lead ( 11 ) and cadmium ( I ) from aqueous solution by Chlorella pyrenoidsa and its influential factors —«+-eeeveeseeeess

................................................................................................ JIANG Jing, LI Liang, LI Haipeng, et al (1995)

Response of pear jujube trees on fruit development period to different soil water potential levels «e:eeeeveeeeeeeeieieniiiiiii..

............................................................................................. HAN Lixin s WANG Youke s ZHANG Linlin (2004 )

................................................................................. SHI Xiaoging, YANG Jianxin, WANG Rusong, et al (2012)
Establishment of environmental sustainability assessment indicators based on material flow and ecological footprint model in
Tongling City of Anhui Province — ceeeeeeerereeeeiieiiniin... ZHAO Huihui, WANG Yuan, GU Xueming, et al (2025)
Health status evaluation of the farmland supply function at county level in Hebel Province «-eeseeeeeeeereemiiinniii,
................................................................................................... BAI Linhong, WANG Wei,ZHANG Yu (2033)
Inhibition effects and mechanisms of the endophytic fungus Chaetomium globosum 118 from Curcuma wenyujin ««-«+-eeeeeeeereeeeeeeeenes
................................................................................. WANG Yanhong, WU Xiaomin, ZHU Yanping, et al (2040)
Water use of walnut-wheat intercropping system based on stable carbon isotope technique in the low hilly area of North China «--------
.................................................................................... HE Chunxia, MENG Ping, ZHANG Jinsong, et al (2047)
Spatial heterogeneity of soil microbial biomass carbon, nitrogen, and phosphorus in sloping farmland in a karst region on the
Yunnan-Guizhou Plateau +«eoeeeeeereieienmiiinii... ZHANG Liqing, PENG Wanxia, SONG Tongqing, et al (2056)
Relationship among rice root aerechyma, root radial oxygen loss and rhizosphere nitrification = «-e-eeeeereeeeeenaieennnns LI Yilin (2066)
Effects of Eriosoma lanigerum ( Hausmann) on physiological indices of different apple cultivars ««cecoeeveeeeirieiiiiii..
.......................................................................................... WANG Xicun, YU Yi, ZHOU Hongxu, et al (2075)
Effects of P-efficient transgenic soybean on rhizosphere microbial community ------ JIN Lingbo, ZHOU Feng, YAO Juan,et al (2082)
Detecting major phenological stages of rice using MODIS-EVI data and Symletl1 wavelet in Northeast China «««-eoeeeeeeeneeeeeeneennns
............................................................................................. XU Yanyan, ZHANG Jiahua, YANG Limin (2091)
Cropping system optimization based on the comparative analysis of precipitation utilization in Sichuan Province «««=cceeeeeeeeeeeeeeennes
.............................................................................. WANG Mingtian, QU Huihui, YANG Xiaoguang, et al (2099)
The impacts of global climatic change on chilling damage distributions of maize in Northeast China «+«+eceeeeeeeeeeeeiiiiiii...
....................................................................................... GAO Xiaorong, WANG Chunyi, ZHANG Jiquan (2110)
Effect of fertilization on ammonia volatilization from paddy fields in Chao Lake Basin «----- ZHU Xiaohong,MA Zhongwen,MA Youhua, et al (2119)
Effects of arbuscular mycorrhizal fungus on net ion fluxes in the roots of trifoliate orange( Poncirus trifoliata) and mineral
nutrition in seedlings under zinc contamination «-esseeeeeeeeieieiiaaaias XIAO Jiaxin, YANG Hui, ZHANG Shaoling (2127)
The effect of red:far red ratio on the stomata characters and stomata conductance of Chrysanthemum leaves —«+:ceeeeeeereieeneiienineiin.
.............................................................................. YANG Zaigiang, ZHANG Jing, JIANG Xiaodong, et al (2135)
Dynamic characteristics of litterfall and nutrient return of four typical forests along the altitudinal gradients in Mt. Shennongjia,

CRINA  w v evereemeneoneneansnenuneenenteneneasenereenentaeeneseoneneneeneseenenens LIU Lei, SHEN Guozhen,CHEN Fangging, et al (2142)
Aboveground litter contribution to soil respiration in a black locust plantation in the Loess Plateau ««+-e-eeeereeeeremiiiiiiiiiiii...
................................................................................. ZHOU Xiaogang, GUO Shenli, CHE Shengguo, et al (2150)

Life history and spatial distribution of a Taiwania flousiana population in Leigong Mountain, Guizhou Province, China -«----eeeeeeeeees
................................................................................. CHEN Zhiyang, YANG Ning,YAO Xianming, et al (2158)

The feasibility of using LAS measurements of the turbulence structure parameters of temperature above a forest canopy «««+++eeeeeeeeees
................................................................................. ZHENG Ning’ ZHANG Jinsong’ MENG Ping’ et al (2166)
Spatial distribution of vegetation and carbon density in Jinyun Mountain Nature Reserve based on RS/GIS «+eceeeeeereeieiieiiiiiiine.
................................................................................................ XU Shaojun’ 7ZENG BO,SU Xjaolei ,et al (2174)
Early nitrogen deposition effects on CO, efflux from a cold-temperate coniferous forest soil = =e-ereemerermermimmiiiiiin
....................................................................................... WENDU Runa’ FANG Huajun, YU Guirui,et al (2185)
Epilithic diatom assemblages distribution in Gui River basin, in relation to chemical and physiographical factors —«-eeeeeeeeeeeeeeeeiene.
.......................................................................................... DENG Peiyan, LEI Yuanda, LIU Wei, et al (2196)
Acute stress caused by sand discharging on Yellow River Carp ( Cyprinus carpio) in Xiaolangdi Reservoir ««-«cecececececeeeiniiian.
....................................................................................... SUN Luyin’ Baiyinba(}ligao, NIU Cuijuan,et al (2204)
Environmental cost of pond aquiculture in Shanghai: an empirical analysis based on double-bounded dichotomous CVM method ~------
.............................................................................. TANG Keyong, YANG Zhengyong, YANG Huaiyu,et al (2212)
Host searching behaviour of Apanteles cypris Nixon ( Hymenoptera: Braconidae) --- ZHOU Hui, ZHANG Yang, WU Weijian (2223)
The effect of hedgerows on the distribution of Harmonia axyridis Pallas in agroforestry systems — «««ceeeeereerenerieeeiiiiii,

.......................................................................................... YAN Fei, ZHOU Zaibao, WANG Shuo, et al (2230)
Induction of early resistance response to Alternaira alternate f. sp. mali in apple leaves with apple and chitosan fermentation broth
....................................................................................... WANG Rongjuan s YAO Yuncong , QI Yapinget al (2239)
Review and Monograph
Research into vulnerability assessment for coastal zones in the context of climate change ««++sereeeereeerieeeiiieiii
.................................................................................... WANG Ning, ZHANG Liquan, YUAN Lin, et al (2248)
Introduction and ecological effects of an exotic mangrove species Sonneratia apetala ««+«++=+«++ssseesereeramariniiiiini .
.......................................................................................... PENG Yougui, XU Zhengchun, LIU Minchao (2259)
Discussion
Degradation of organic contaminants with biological aerobic fermentation in sewage sludge dewatering and its influencing factors —------
................................................................................................... YU Jie,ZHENG Guodi, GAO Dinget al (2271)
Remediation of soils contaminated with polycyclic aromatic hydrocarbons (PAHs) using four greening tree species — «=ceeeeeeseeesenees
.................................................................................... YAN Wende, LIANG Xiaocui, ZHENG Wei, et al (2279)
Scientific Note
Diversity of endophytic fungi from six dominant plant species in a Pb-Zn mine wasteland in China ««+e+eeeeeeerreeneneinii..
............................................................................................. LI Dongwei, XU Hongmei, MEI Tao, et al (2288)
Effects of Meloidogyne incognita on scavenging system of reactive oxygen species in tomato seedlings grafted with different rootstocks

............................................................................................. LIANG Peng s CHEN Zhende s L.UO Qll’ngl (2294)



(EBZ|RY2012 F£4EITRE

(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if
B BT PE R R | 40 WD R B R AR A 252 K JR 7 1) B (I8 75 S P SO 5 P AT 41 AR 25 2 BEE 7
T AN G BB R BT ROT R =0 4 5F

(A2

)y k2 A, K 16 FF4,280 1T, B N E M 70 Jo/ M, e4F 2 B 1680 T,

R & A .82-7  EISMIR R AL :M670  ARiETI*S . ISSN 1000-0933  CN 11-2031/Q
2[5 MR SRy X PTOT B, A AT e S G I R 3K, W KRB AR BB | & S5 Be A 1B

TEAEITI

B 100085 JL R IE X XGEH 18 5 H

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEMEME Ll

A
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHRE XIKRE Bl ¥

2

3_!\_‘

Ji

5 5 F # ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) . .
CEATI 1981 43 A E1F) ('Semimonthly, Started in 1981)
32 BTH (201244 ) Vol.32 No.7 2012
% ig ({ﬁgi&%%&)éﬁiﬁﬁﬁ Edited by Editorial board of
Mok - U STHEE KB 18 5 ACTA ECOLOGICA SINICA
MR i : 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
L3+ (010)62941099 Tel; (01062941099
WWW- e(’:ologica. on www. ecologica. cn
% ?g?igd;;xue})a()@ reees. ac. cn Shengtaixuebao@ rcees. ac. cn
= {FIZ TN Editor-in-chief FENG Zong-Wei
Jr o th[E AR A Ly Supervised by China Association for Science and Technology
Fh R B SRS AR ST R0 Sponsored by Ecological Society of China
Motk . b 50 E R A K 18 & Research Center for Eco-environmental Sciences, CAS
M B 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H i 4§ 2 X it Published by Science Press
Hihk . b AR IR LT 16 5 Add:16 Donghuangchenggen North Street,
MR L 4% - 1RO0T 17 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
v:3 T M4 4 & K i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m ;=
mﬁﬂéﬁﬁ% 1100717 Add:16 Donghuangchenggen North oA -
HL B (QIO )64034563 Street, Beijing 100717 , China ? =£
- " Eé%,i%uélgn%@ cspg. net Tel. (.0]9)64034563 8 =§
ESMEAT P R 4 55 2 omailzjounal® cspe net © =——=°
Mtk . AL 50 399 1548 Domestic All Local Post Offices in China > 8
BB 2565 . 100044 Foreign China International Book Trading 3 8
sz e Corporation - r~
'{; nﬁ_l-—I"LE ST 74 8013 5 Add:P. O. Box 399 Beijing 100044 , China =’;

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 70.00 T



	1.pdf
	fm.pdf
	07-z-ml.pdf

	stxb201110301619.pdf
	2.pdf
	07-y-ml.pdf
	07FD.pdf




