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Ecological sustainability in Chang-Zhu-Tan region:a prediction study
DAI Yanan " ,HE Xinguang

College of Resources and Environment Science, Hunan Normal University, Changsha 410081, China

Abstract; This study calculated the ecological footprint and ecological capacity in Chang-Zhu-Tan region from 1986 to 2005
through adjusting the yield factors’ parameters of ecological footprint, which uses the global yield factor instead of the
regional one. The results showed that the ecological footprint per capita generally increased, increasing dramatically by
15% each year from 2002 to 2005, and meanwhile the ecological capacity per capita grew gradually and slightly with an
annual increase of 2. 5% . Similar to the conditions of ecological footprint per capita, the ecological deficit per capita
remained steady in the early stage but rose greatly from 2003 to 2005 with an annual increase of 48% . Overall, the
ecological footprint expanded much faster than the ecological capacity, bringing out fast growth of ecological deficit. Based
on this, we then forecasted the ecological footprint and capacity of Chang-Zhu-Tan region between 2007 and 2015 and fit the
relationship between the ecological footprint and time there in the 20 years between 1986 and 2005 in this study. The two
methods utilized in this process were the Binomial Curving Forecasting Model and the Grey GM (1.1) Model. When the
Grey GM (1.1) Model was used, the average relative error rate of the predicted values of the ecological footprint per capita
between 1996 and 2005 was 4.91% while it was 4.41% in the case of Binomial Curving Forecasting Model. Furthermore,
the two models were also used in predicting the ecological capacity per capita there during the same time period. It was
observed that the average absolute error rate and average relative error rate of the Binomial Curving Forecasting Model were
0.67% and 2.12% , respectively, while they were as 0.53% and 1.67% for the Grey GM (1.1) Model. Thus, it can be
concluded that, in the prediction of ecological footprint of Chang-Zhu-Tan region, the Binomial Curving Forecasting Model

performance much better compared to the Grey GM (1.1) Model. However, it was inverse when the two models were used
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to predict the ecological capacity per capita there.

In addition, the two models were used to predict the ecological footprint per capita and the ecological capacity per
capita in Chang-Zhu-Tan region from 1999 to 2005. It has to be noted here when the Binomial Curving Forecasting Model
was used to predict ecological footprint, the the Grey GM (1.1) Model was used for calculating the ecological capacity per
capita. The results showed that the ecological capacity per capita will grow gently with an annual increase of 1. 8% while
the ecological footprint per capital will grow much faster with an annual growth of 16% , producing rapid growth of ecological
deficit per capita. Although the amount of ecological deficit per capita was initially low, it rose rapidly, equaling to that of
ecological capacity per capita in 2009. And in 2015, the amount of ecological deficit per capita in Chang-Zhu-Tan region
will be 1.67 times more than the ecological capacity per capita. The ecological footprint will exceed the ecological capacity
and fall behind the demand, bringing about increasing serious ecological deficit, as well as restrain the regional
development greatly. Therefore, the solution to this coming problem might be to import sufficient resources outside the

region to make up for the ecological deficit and keep the ecology developing in a sustainable way.
Key Words: ecological footprint; least square method; GM( grey model ) Model ; Chang-Zhu-Tan Region

TNERKEHFE R Rees A AY 1+ 4= Weckernagel P Ay A 2 A . Iy T AT Rk & R o
SIS, e A i b X A R & e AR B B R A 2 — 1% Ll T R % i 0 B 8 b A L LR
Vet Bl s A —Fh R 7k, A 25 R 0 A R0 s 2 AN DR e 0 A 5 3% IS JE) R 3 e pr i) B A S L
W ENY A BRI AE S R RS RS R AR b A D L B BSR4 S A
KA SRR R s, BT B2 24 AR MRl | LR 2s B B2 RO Red: i ) 5 2 2R PR e . B — ik ad
] 3 370 53 M7 7 ¥ A i 4 T b A B e 2 2R 8 A0 1Y) B SR8 S8 N R A 304 7 AN (] i T] RUEE AR Ak Y BE AR
LR A LGS & AR BRI, W]k B b i A B AR
1 HRRERRARSE
1.1 KRR XA

FARVE S XA RG-S BRYN IR =TT, M3 A7 7 T AR 28 111°58'38"—114°13720",JL. £ 26°18'19"—28°
41'22" A FIIEE A ARLES I WA 2= KGRI AR X, ZAE K & 1427 mm, 24 1 H 508, A FHAE
4.4—6. 1°C ; RN MR AE - J5 i o I AE 2R 80 =T B2 5 IR A0, AR 2. 8 x 10 km?, H A A H
1300 J7, 2 3% siE 2818 127C, 43 M 5 i M A8 19 13. 3% . 19. 2% 37. 6% , = 1 F 48 4 T & B 1Y 4% 0 14
K,

1.2 Hdlkis

1986—2005 4 20a =i Y [E & PR Gei T TAE SRl ST B IT A SCH SR8 4 TR BB =T &% A 4
THORL, PRI B — R A, R IEA . K VDG4 % (1987—2006 47 )1 bk U 45 11 4F 45 (1987—2006
AE) I TR GE TR (1987—2006 4F) 1) IR GE T TH4E L (1987—2006 4F) 7,

1.3 WUk
1.3.1 fEGAEA LR Ak

AR BIS I T A E B BISEE" . B, BRI N AR P K 2RO RS A K
ZRUEF B ISR IR 55 R A8 B A 5 il A T R R RN [R) Ak sk S I S B A R R TR, AR
PONAES Ul N<i3 2 = NPk /2 S 7 g = B SR B d R 155 e e o 5 v 5 = 3 B A L NG B T N A e =2
P4 S e 8 PRI 5 52 82 (N N = L e A el B e 1) 1 B YA 72 Y e b 1
REMEATXT EL, 5 LA™ 5 P TR 5 o T R A5 XN B — AN AR 2 2 3 Y B K A= 25 AR 7= T, SIS A
T BARRARR .

http ; //www. ecologica. cn



2 4 WOPRE A5 ROBRIE DA 25T Rk 597

" C. " P+ - F. " P+ - F.
EFy= Y o= X~ xyFi= Y (1)
! iz1 EP./yF, i=1 EP, i=1 EP.
EP
yF,=— (2)
EP
EF = ZIEFJ. X eF, (3)
i

b EF, N5 j 2 e BT R AR S A A AR (h ) 5 j=0,1,2,3,4,5 3 5 o A Re il ] A il | Rt
b FRAR KR R 0= 1, 2, n T SR ZEAL, N OKAE NS C, MR i 2RI B H AT T (k)
EP, %5 i 281 9801 B AT 2477 4 (kg/hm?) 5 P, S50 i 2811 2830 B A4 2E 7 0 (kg) 51, S5 i 2811 240 H 4R
BEFTHR (kg) s E, D95 i JIA BRI H 4R D (kg) o B BRI B 5y B AS i 52 B B 0 FE At = IR A 7= i+
BERIE O -G DRy, P R N e, A RERAE S R G AR S AL 1 EF L SRS R I
(hm*)

A T RCR T kT vk R A S R A 50

5
=Y Y o, (4)
=0 " EP,

o A, KA (g hm?) P, R YA j 2 A5 P L P e i R 2SR R AE AR (V) 5 EP, R
SR AR AR L R R E A AR (U hm?)
PRSI (BAY) W25 et 25 A5 2 B I 25 (1, SR 204y | FE W00 IX 19 A 2H% 57 Ao b A e IX 37
PRALA TR A A 2 N A T A A TR 25 (R I 4, IR W% X A T S R TR
1.3.2 SO A A 5 B Kk
Ay 2 e 24 4 P LS I, 2 02 ) - b R S 00 S A (AR K R SRR AL ) 25 5 Rl
AR CUNFE M3 282 KRR 7 TSI T8 ) 25 % 4% 24 2 0 W 7= B 1 2 0, AR BF 40 25 R A 2 (1) iy
EP, CBRFIX S | A0 ST E T P, DR SCRRSE L A0 2 et K M VR DX o 2 7 5 A
TR O BIFFE A I e I I AT 5 0, I A0 K 5 A i X PR MR SR FH 7 R R 7, S PR S AR 4 )
A B 6 DR T A A% AR T 2 25 o P I da Ak, 7 LI B 1 AR e o St % 4 T s, i
(A S B BT AR M L5826 2 15 M BR 2 WA 1B 0 2 25235 i, PRI I A A SR P 2 S AL TR
FFLAAS SCHAE 25 SR I A Skl
pr=y oy il o b (5)
-0 p. -0 NXP,
EF = iEFI. (6)
R, P, FRA j A A P A RSP S TP B (Vhm? ) 5 EF R BRI A A5
P EASHE,
SRR A S T ek,

5 P
Ag, =2 2 — (7)
j=0 PL_
IR TR AL G AR S R i TR T B G i A 25 i AR S A i T 2T,
2 1986—2005 FERKHKEMX EREIBLE RS

I AR (5) KA (6) 153 BH BRI IX 1986—2005 4 AJEZ LB, 1986 43 2002 48, A4 L
HERER I TE 208 b TF, HhiE] 1995 4547 — AN B, T 2002 423 2005 45, N34 5 R iR 1 etk . H

http ; //www. ecologica. cn



598 A E = 334

VRIS A B4 A N2 25 2 A S e — 06 - s
I 205 ) —— AR

HRABAR (7) TH 7 K BT IX 200 SREG NS B 04 e
S, SR A L, NS AR B E 22
YNCEES SR el BIEES e A B T R 4
PO 1), AR R 3 A T R A A R K . =
2002—2005 4F A A 25 JE 30825 A I B, AR ST # 1 K £ £ 382 2% E ¢ g
K 15% , 1986—2005 4F [l N4 25 75 8 i A8 Th s o5 2 A Year

RS LT, RERE 2000—2005 AE BRI A K S B KeEBRIE 20 EHEASESEDES G FE
WA R R 2. 5% s ANIEBIRFMAS (LS Fig. 1 Ecological footprint, ecological capacity and ecological
5 I HEZS IR I A L 1986—2002 4F 75 {84, 2003 — deficit of Chang-Zhu-Tan from 1986 to 2005
2005 FIGRZL ARG R IR 48% , HARA S I AR S S B AE 2000 AR AR B, HUR AR A 0 1
K mmh FAESA R, FEES RO R B K
3 KKiEHX AHESEBH
3.1 I e TR AR () ST R A B
FI %A MATLAB 6.0 (IZRFEINRE , LUK BRI X 20a A A2 42 25 8 300 (8 0y JE RS2 BRAE, #0251 i Ik
PRIICK FE 57 T A AR
Z(1)=0.333694908;Z(2)=0.340204318;Z(3)=0.349382902;Z(4)= 0. 327300427
Z(5)=0.329706805;Z(6)=0.336068254;Z(7)=0.326176767 ;Z(8)= 0. 350153003
7(9)=0.330112873;Z(10)=0.379843689;Z(11)=0.30547184;Z(12)= 0.315478734
Z(13)=0.327929011;Z(14) = 0.342760358 ;Z(15)=0.354011616Z(16) = 0. 376285684
Z(17)=0.374715563;Z(18) = 0.425978261 ;Z(19)= 0. 484121407 ;Z(20)= 0. 563793706
M 20a Bl Pk 1991 4E(Z(6)),1993 4E(Z(8) ) ,1999 4E(Z(14) ) F12001 4E(Z(16) )4a ) N4
SETEAE AL, R 162 A AE 2 R 8 AR AR TR0 AR 1 S50, A5 2R (8)
Z =0.001780243 x x* — 7.098957 x x + 7077. 313 (8)
S AR T A AR R TR AR PR 8 e da A K AR 25 I HEA T TR , o LU S PR A TR
T, B X IRE T N <S% , MIXHRZE E <12, 4% PRI IR 220 6. 33% , 136 BH T30 1 A1 52 Pt
(EARSET , T 235 SR A f | v 9 O A A B Bk B, RIS 8 X AR TR ML X 1986—2005 4F By A A 25 2
AT HO A5 2 20a A TUNAE , AT F0I0ERD 52 BRI R 25 708 (1L 2) |, 005 SR 22 TR] 118 57 35 266 % i3 2
N 0.02% SEXIMXHRZE TR 4. 41% | TR I T AR R f) F5000 250 SR 4
3.2 KPREH X A 27 2006—2015 4F-Fijil]
AR T T ASE AR 1 S N ARG AR (8 ) RO At B e, O RSCR A, DRIt , AT AR FH A2 A5 A SR S0 K Ak T
i XA A A 25 T 3 R S i R SR O, AR 8 T 2006—2015 4F A4 A 25 JE sl A 0, BAR S S LR 3, A2
SR 2006 4F 14 0. 5672 hm?/ A, 5 2015 4E3EK 4 1. 1018 hm*/ N A FERHERK RN 7.66%
3.3 JRATIASE IR g g S7 RN SR
JRAEZR G853 BT T 1 238 1ok S ) 3R 495 R 2R 2 () e o 3 g AR (A Bl A S 2 B, RV E A 7 S BK BE 43 A, I8 1 Xof
T 5 4 A AL B TR RGAR B AR Az U 7 9 A B A R AT LR B ke T A N A 53 O
FERABEAY | AT PO = 4 R o 1 & SR B AR A AR
JRATRIN Ty 2 B L R R U - (1) ARV REAR (B ) 50005 (2) Sa i X IR PR R A s AR A7 70, (3) BA
TR . AR SCRA GM (1, 1) AR FU K BRE H X 2006—2015 4F 1 NI 25 2 i & S a3

http ; //www. ecologica. cn



2 4 WOPRE A5 ROBRIE DA 25T Rk 599

0.6 . — 1.2
—a— \HHEZ R IBAME "
= o0s L At ~ g0l e AR
<0 N 7 T A Z 1.0 A A A R T
B 04 % 08
6 =
= 0.3 % 0.6
¥ 02 X
S N 04
£y
< orr <02t
0 Il Il 1 1 Il 1 1 1 Il 1
© P o ~ <~ © o0 o ~ < 0 | | | | | | | | | |
o0 o0 N N (=N D N (=3 (=3 (=3 Nl (=1 <+ o] (o] o e} (=1 o~ <t
f=)} (=) (=) (=) (=) (=) (=)} (=3 S (=3 0 N (=N D (=3 (=3 (=3 — — —
= 2 2 =2 2 =2 2 8 8« 58 38 8 £ 8§ 8 R R 8§
A4 Year AEAy Year
2 KERiEHX 1986—2005 ) = 75 S8 1R T 0 £ o N .
B2 KREH FABESRBHM L B3 KHEMEK 19862015 £ AN TBFNHE
Fig.2  The forecasting curve of per ecological footprint from Fig. 3 The forecasting curve of per ecological footprint from
1986 0 2005 in Chang-Zhu-Tan 1986 to 2015 in Chang-Zhu-Tan

3.3.1 GM(1,1)BEAYHAR T ik
LA~ BE I (5] A2 AR BB 7 1 5d 5 1-A GO, A OB OB S, SR T AR ARy D7 R AR DT R R A | 38 5
Ja BIFEI A GM (1, 1) TR, 4 Sl A1
b

T D G B L B Jpet (9)
a

a
s+ 1) =2k +1) -2V (k) (10)
— B IR AT R FINAE (9) , {HIZ X SRS H A (B A2 A BT 2 ) FIUIU AL, 1T 22 e 2445 31 J5 P 30 ., 10 7
BRI (10) BT HESRE
TOUINASE R 30 28 AR AR DN R W HAOR 1 4 5 2%, —FBORUE, GM (1, 1) BB (4 4G 4 3 1 J 4 25 46
RIX 5% 25 55 A B GE T TR R FITRSCR | il Jy 25 1 € FI/NGR2ZEMESE P RRELR FIIT

F1 FERERRHIISEE
Table 1 After-test residue checking distinguish list

INGRZEME R P R C RN B2
Probability of residual error Variance ratio Accuracy of model
>0.95 <0.35 R
>0. 80 <0.5 G
>0.70 <0.65 PERA A
<0.70 >0. 65 NEHE

3.3.2 KHREHIX AL GM FA A ) 2 37

AT GM(1, 1) BERIREAE E 3 AN JF] . (1) JFER 51 X' o B BUE A — o B2 40 o A58, o S o 540 1)
Bt AN AT RIS R B o B b TR, (2) SRR 8 5000 B L O UE AR5 91 A i B AHE , AT BRER
B, (3) — PR P 51 7 24 PR SRH A BN S AR AR B R A A, A e ok TR L XN 34 A 2 R 3 A KA
bR R BRI EE 1996—2005 A A £ e s 37 AR R SUR Sed . i DA ST A RR TR L XA I A 28 2 3 GM
(1,1) FomA R A EE FH 1996—2005 4F 10 4F #9458 .

FIFH#EA: DPS6. 55 , SRR RIS 4L o =-0.079316,b=0. 243741 , T EEST GM(1,1) TR,

x(t + 1) =3.378532¢" 7% — 3.073060 (11)

FRAE GM (1, 1) R Ay g ~7 0 JEL B T B VBt [X. 1996—2005 4F A 17 A= 25 J 36 , T AR 15 Fi SF- 241 4 %of
WEES4.91% ,AEIE 5% , LB BN RUR B , ok, Bl AR i Jr 22 1 € =0. 2735, /MR =R P=
1. 0000 , ARV AEALRURS BEAS B0 BEL VI, T LA i oy e T A B s R AR B ISR GM(L, 1) BT (11) ok
FIO AAR TR b X A 10 A8 A 285 2 30 1) AR AR AR 00, 308 Ao F0 0 i 286 ok B2 58, UL L 42006 4F A 3546 25 2 a8

http ; //www. ecologica. cn



600 A E = 334

4 0.5694hm*/ A, 5] 2015 AEHEK 3] 1. 1627 hm?/ A A8 K 5RIK 16%
3.3.3 PRI A A
SR FH 9 e A ) 00 000 A 78 Xof e R XN X9 A4 265 JE 0 A 0000, 7P o T 00 85 SR L L S

14 14 -
ol —— AmsREEE 1o b T AMAERREEGM(, DEE
< B2 S S S B < HITE
~ 2 o8 ) -~ - e e
T 10} MIEBIESI i T OOT AR R
o8} s 08r BRI
o6 | & 06
X SIS
® 04 | T
2 02t
02} 0 LL ] ] ] ] ] ] ] ] ]
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J g g 8 g g g g 2 S E
g 2 8 g g &g g8 2 g = 2 2 8 &8 &8 & &8 &8 &8 &
(=)} (=)} f=] (=] (=] (=] (=3 (=3 (=} (=}
— - [\ o™ o™ o™ (o] (o] (o] (o] ﬁaffﬁ Year

44y Year
B 5 EFHNAGETREERRX 2006—2015 £ A4 TR IT
il h 2k

Fig.5 The forecasting curve of per ecological footprint from

B4 KEKEHEX 1986—2015 £ ATl i
Fig.4 The forecasting curve of per ecological footprint from

1986 to 2015 in Chang-Zhu-Tan
2006 to 2015 with two different methods

b R 25 M2 5 R BE R R, P 0 R FH VPR e 0000y 0 L A B A5OSR X WP e s 0 g 35
ZEHHE, GM (1, 1) BEAITR Y 1996—2005 4F- T F 11 52 b L A4 1 25 FF R 2 25 02 4. 919% , 701 X g £ Ji 0 A
TRV F N S B AEL AR ST SAI AR X 1R 2502 4. 41% , iR 25 BUREX — 2022 S 0 A , R 3 by 0 X iy 442 ) A5
TR EL A O ) TN R, A SR 3 Xy 288 o 0 A 76 S Tt (7% AR VB b X 2006—2015 4F A4 A4 285 23
4 FHMAFERUKKEMRANESEE
4.1 ZHECTATR Ry R K

FASEAR R i T e/ 3R 0 i, R MATLAB 3K {19 Zm B2 D ik, 26 T BRI L IX 1986—2005 4119 A1
AR A A PR,

H M 20a A4S A m B T PkEE 1991 4F 1993 41,1999 41 2001 4F 4a AYEHEAE A (A, A H
A% 16a NS4 L I ARAT BN A 1) S50, 15 BB (12) .

Z =0.0001915189 x x> — 0. 7625995x + 759. 4408 (12)

FIFHRERY 12 XA Y 4a A S EITROR ARG 55, 75 5] 4a B9 TUI(E 5 SEPRE A 46 4R 25 R K
F0.01 , FIXFIRZE AR IS 3. 75% , RUHAR AR 5645 AR RO A B v

FIFHABE R MR TR I IX. 1986—2005 47 A ¥4 AE AR 25 EA 7 0000, A 36 T 000165 S o L %) 0 00 155 5, %o L
S o (L R OB =2 (1] P 152 2 30 B, DA 3 P 4B YT iR 257, AR/ N T 0. 02, MR TR 22 e KN 5. 74% , B T
FISEBR A Z (B R 25 0 A A5 B0 (12) TR 4T

1) R 8 2 ARG 6 P8 M A 2R 3 — A She S e VB s XN 29 A 25 28 B R K 10a(2006—2015 4F ) AR fh a3
ME 6 HE Ak 10 ARSI, B3HFER,2006 4 A AR RN 0.3451hm’/ A,
F]2015 4F4 0. 4126 hm’/ N AR FEEERK R K 2%

4.2 GM(1,1) BRI EENT K55 K W

TR AA TR FUE AR SR SC—FE | BE T KARTE L X 1986—2005 4F A 4= 255 3Ll 1 DPS6. 55 %4,
SeH 20a BB R AR IUBIRY | AR 4 A6 B0 225 SR I A 0 2 45 T A7, R 20a 5508, S5 @ 7 2B &3
6 35 1) BB 25 LU/ NG 26 ME SR A (AR AN BBk 31538 1 2K, ST MBI RVERAN B A, BRI HERR — B 8 3k
DA T EHARYE GM A ), 2 M e B SR TF IR, — L AIBR 2 1996 4F M5 1996—2005 4F: 1Y
BRI A ST A Y | T R G A R ) i, T 2% EL /N BR 25 AR I (E AR VR ZE DL IS L RIS Bl a=-
0.018277 ,b=0.287941 , {7 57 .

http ; //www. ecologica. cn



2 4 WOPRE A5 ROBRIE DA 25T Rk 601

X(t+1)=16.056141¢" """ — 15. 754314 (13)

AT X 1996—2005 47 A 357 A 25 45 1 0 T0 , S Br (B AN TR ¥ 4 % 1= 25 ANl L 0. 0072, A X R 258 8 4o

2.40% , 3K PHAME A H S B (R F00 0 1 =2 () P T e I i v 5 R B 7R 1 Ty 2 LU R/ INER 2R, T 25 L
€(0.299)<0.35, /NRZEHEZR P(1)>0. 95, T 56 , TR 47

0.5 0.5 -
—a— A\ HEAARIPME
- A ﬁi}‘?ﬁ‘ 3
oal N A S R A o4l
£ 03 £ 03
X 02Ff % 0.2
2 ! —m— \HASARGM(L, DR
0.1 | 0.1 - —— AP EERBIBME
0 1 . . | | | | \ \ o LL I I I I I I I I I
8888 88& 8¢5 g 22888888 &G
4EA5 Year AEA Year
Bl6 KHEMX 1986—2015 £ AESTETN 4k E7 KHEMRX 1996—2015 £ AMESTTEMN GM(1,1) Tl
Fig. 6 The forecasting curve of per ecological capacity from 1986 &R
to 2015 in Chang-Zhu-Tan Fig.7 The forecasting curve of per ecological capacity from 1996

to 2015 in Chang-Zhu-Tan

AR (13)  JFaE e T ARG 5 PR A] LUK PR (13 ) f T IR Rk T DX N 34 A R 2 Rk
10a Y& DL, B0 RS A il s ol , UL 7,

M7 & AR 10 ARSI SR R, 2006 4F A ERA RN 0.3621hm°/ A, 5]
2015 4E4 0. 4268 hm?/ N\ 4K R 1.8% .,
4.3 PARRJT LTI NI AR AR R X A AT

X EE PR 7 0 AR 10 4F NI A= AR 25 i F0 45 S, v e T 000 A TR 0 e T ARG B, T (%) AR A, 6 R
TR T 285 R 5 — B, SRR vk 0 A BT AR 2R T SR AT it

ML 8 F 19 T 2t Ji R 34— 30, AP AR BT B SR DG 2R, FX B PR B 45 SR i 2 | — I A A ol 11
1996—2005 41 A4 4= S 28 I 4 X - 2912 25 4 0. 67% , AR Y918 25K 2. 12% 5 GM (1, 1) B Fi i 7= A=
LR 2E 0. 53% AR ZEN 1.67% , PTG S 246 % - PR 25 38 S AR 22, GM (1, 1) #5280 (1% 35030
R AR B g, PRI AS SR E GMU(1, 1) 357
5 #it

IR T BT A K BRI 20062015 4 S
NI R B GM (1, 1) BB A S ket S st
G TRK 100 ARSI TREIL, AESE e RO, D
BETHK R 1.8% A AES LB EPHERE < ol o
T 16% , P KA A AR R A 25 e T s §E 558 E: 8 3
KB A S A 1 45 (2009 4F)  HE 1. 67 f5% i Year

(2015 4F) , KRR MBI B2 25 L TR % ot B8 FRMTEHNM KRB R 1996—2015 £ A ERHE
RIS AR T RO, TR T sy TR
E@E%%Ej{ﬂ@%ﬂ 2/\] ,éﬁ?%ﬁﬁﬂ@ji%?j[ﬂ\ﬁﬁy\ﬁl‘ﬁﬁﬁ Fig. 8 The forecasting curve of per ecological capacity from
AR BT IR AP 2 25 3, SR AN SR

RT3 52 EC T AR AR H T | G el e 5 1 2% s e PR 3R A R84, RS 25 AR R 2 B BOR A 2 13
B BOR BRI S5 T 20 AR S R AR AR i 0 R e FAE AL | 3218 22 I R (s ), el AR A 52 e S

1996 to 2015 in Chang-Zhu-Tan with two different method

http ; //www. ecologica. cn



602 A E = 334

AR ST PN AR R T E A SR A U E B AT 207 30 2 BF ORI BRI SR AN - A D7
AEFHH AR R, (AAE X K R AR v A 2 (2B 2545 T I 1 22 IR B0 22 Bl I ] 2 A= A2 Ak, T
RS DX T 2 75 X b A P O R SRR 45 7 A S e i 3] DX A 2 S R A S A o T 5
M EI A AR, NI T AN R 25 A2 MR S5 A A DU AR I A [R5 T SR Tl DX A 25 R b 45 R A 34
Rt BT IRy e &t

Brigt: BUMDOLRI BT SRS T B, R i

References :

[ 1] Wakernagel M, Rees W E. Our Ecological Footprint: Reducing Human Impact on the Earth. Gabriola Island: New Society Publishers, 1996 .
30-100.

[ 2] Rees W E. Revisiting carrying capacity: area-based indicators of sustainability. Population and Environment, 1996, 17(3) . 195-215.

3 ] Ponthiere G. The ecological footprint: an exhibit at an intergenerational trial? Environment, Development and Sustainability, 2009, 11(4) .

677-694.

[4] Wood R, Lenzen M. Principal methodological approaches to studying sustainable consumption; scenario analysis, ecological footprints and
structural decomposition analysis. Eco—Efficiency in Industry and Science, Handbook of Input—Output Economics in Industrial Ecology, 1V, 2009,
23 285-312

[ 5] Carlei V, Colantonio E, Furia D, Mattoscio N. Economic patterns of sustainable development: an analysis of absolute ecological footprint through
self-organizing map. Quality and Quantity, 2011, 45(1); 157-171.

[6] LiJ, RenZY, Zhou Z X. Quantitative analysis of the dynamic change and spatial differences of the ecological security; a case study of Loess
Plateau in northern Shaanxi Province. Journal of Geographical Sciences, 2006, 16(2) : 251-256.

[7] XieGD, LuC X, Cheng S K, Zheng D. Evaluation of natural capital utilization with ecological footprint in China. Resources Science, 2001, 23
(6):20-23.

[ 8] LiuD, FengZ M, Yang Y Z, You Z. Spatial patterns of ecological carrying capacity supply—demand balance in China at county level. Journal of
Geographical Sciences, 2011, 21(5) ; 833-844.

[9] ChenC Z, Lin Z S, Liang R J. Analysis of ecological sustainability in china based on the ecological footprint method. Journal of Natural
Resources, 2008, 23(2) : 230-236.

[10] Wackernagel M, Monfreda C, Erb K H, Haberl H, Schulz N B. Ecological footprint time series of Austria, the Philippines, and South Korea for
1961—1999 : comparing the conventional approach to an “actual land area” approach. Land Use Policy, 2004, 21(3) : 261-269.

[11] ZhangY G, LinZ S, Li M L, Liang R J. Prediction on the dynamics of ecological footprint and ecological capacity based on EMD in China. Acta
Ecologica Sinica, 2008, 28(10) : 5027-5032.

[12] Xie HY, Chen X S, Lin KR, Hu A Y. The ecological footprint analysis of fossil energy and electricity. Acta Ecologica Sinica, 2008, 28(4) :
1729-1735.

[13]  http://www. hunan. gov. en/zhuanti/ cztlxsh/bjjs/gk/200801/120080111_93918. htm.

[14] Changsha Statistics Bureau. Changsha Statistical Yearbook (1987—2006). Beijing: China Statistical Publishing House, 1987—2006.

[15] Zhuzhou Statistics Bureau. Zhuzhou Statistical Yearbook (1987—2006). Zhuzhou: Zhuzhou Statistical Publishing House, 1987—2006.

[16] Xianglan Statistics Bureau. Xianglan Statistical Yearbook (1987—2006). Xiangtan: Xiangtan Statistical Publishing House, 1987—2006.

[17] Hunan Statistics Bureau. Hunan Statistical Yearbook (1987—2006). Beijing; China Statistical Publishing House, 1987—2006.

[18] Wackernagel M, Yount J D. The ecological footprint: an indicator of progress toward regional sustainability, Environmental Monitoring and

Assessment, 1998, 51(1/2): 511-529.
SE

[7] W, S&E, SOk, . hEGASZ R S5HEVEE. SRR, 2001, 23(6) : 20-23.

[9] BREUE, MR, 8. ETATRB IR b EAESATRREE . HAR IR, 2008, 23(2) : 230-236.

(117 kAT, MR, 250638, (R, JEF EMD 9P EAERS Bl 5 4: BRI sl J12- 1. A= 2824 ,2008 , 28(10) : 5027-5032.
[12]  ghmsae, BRbtA:, MREloR, B9 4%, JEFRRIGA M ILa RBIE S AR R, A8~ 4, 2008, 28(4) : 1729-1735.
[14] KUWHSH R, KIGITHEL(1987—2006 4F). dbat. HESEH L, 1987—2006.
[15]  #RUNTHTSEH R, BRINGETT4E % (1987—2006 4E) . dbnt. W RS, 1987—2006.
[16] MEM SR, WESHAEY (1987—2006 4F). Jb5: hESH R, 1987—2006.
[17] HIBEESH . WHSITHEY (1987—2006 4F). dbat. HESEH L, 1987—2006.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.2 January,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Spatio-temporal heterogeneity of water and plant adaptation mechanisms in karst regions: a review «oseeeeeerreeerieniii
.......................................................................................... CHEN Hongsong, NIE Yunpeng, WANG Kelin (317)
Impacts of mangrove vegetation on macro-benthic faunal communities «++++-+++- CHEN Guangcheng, YU Dan, YE Yong, et al (327)
Advance in research on the occurrence and transformation of arsenic in the freshwater lake ecosystem ««-«+oeeeeereeeeieeeiiiiiii...
....................................................................................... ZHANG Nan, WEI Chaoyang, YANG Linsheng (337)
Application of nano-scale secondary ion mass spectrometry to microbial ecology study ««eeoeeeerererreeeiiiii
................................................................................................ HU Hangwei, ZHANG Limei, HE Jizheng (348)
Carbon cycle of urban system: characteristics, mechanism and theoretical framework --------- ZHAO Rongqin, HUANG Xianjin (358)
Research and compilation of urban greenhouse gas emission inventory =~ «+e-eeeeeeeeeeeeeceenes LI Qing, TANG Lina, SHI Longyu (367)
Autecology & Fundamentals
Seed dispersal and seedling recruitment of Ulmus pumila woodland in the Keerqin Sandy Land, China «+-eeeeeeeeeeremeeiieaeiiii...
............................................................................................. YANG Yunfei, BAI Yunpeng, LI Jiandong (374)
Influence of environmental factors on seed germination of Bombax malabaricum DC. -+« cevevreeereeininiiiiiiiii
.............................................................................. ZHENG Yanling, MA Huancheng, Scheller Robert, et al (382)
Carbon, nitrogen and phosphorus stoichiometric characteristics during the decomposition of Spartina alterniflora and Cyperus
malaccensis var. brevifolius 1itters <+« +ecoeeereeeeeeaaiiiaiiiiiie, OUYANG Linmei, WANG Chun, WANG Weiqi, et al (389)
Home range of Teratoscincus roborowskii ( Gekkonidae) ; influence of sex, season, and body size —+eeeeeeereeeeeneeeiiiiiii.,
................................................................................................... LI Wenrong, SONG Yucheng, SHI Lei (395)
Effects of the covering behavior on food consumption, growth and gonad traits of the sea urchin Glyptocidaris crenularis =~ <+-+---eee---
.................................................................................... LUO Shibin, CHANG Yaqing, ZHAO Chong, et al (402)
Biological response of the rice leaffolder Cnaphalocrocis medinalis ( Giienée) reared on rice and maize seedling to temperature «---+-+:-
........................................................................... LIAO Huaijian, HUANG Jianrong, FANG Yuansong, et al (409)
Population, Community and Ecosystem
Composition and stability of organic carbon in the top soil under different forest types in subtropical China «+++eseeereeeeereeraeieniniiinnn.
................................................................................. SHANG Suyun, JIANG Peikun,SONG Zhaoliang, et al (416)
The community characteristics of different types of grassland under grazing prohibition condition «--«-sseseeeereemereeaiiniiiiii.,
....................................................................................... ZHANG Pengli, CHEN Jun, CUI Shujuan, et al (425)
Spatial pattern and competition relationship of Stellera chamaejasme and Aneurolepidium dasystachys population in degraded alpine
GRASSIAnd +++eveeeeeen e REN Heng, ZHAO Chengzhang (435)
SOC decomposition of four typical broad-leaved Korean pine communities in Xiaoxing’ an Mountain — ««-esoeseeereeereeeniieaii...
.......................................................................................... SONG Yuan, ZHAO Xizhu, MAO Zijun, et al (443)
The influence of vegetation restoration on soil archaeal communities in Fuyun earthquake fault zone of Xinjiang «««-eceeoveeeeeeeeeeeenns
................................................................................................ LIN Qing, ZENG Jun,ZHANG Tao,et al (454)
Effects of fertilization regimes on soil faunal communities in cropland of purple soil, China =«-seeseeeemereeemeniaii
.................................................................................... ZHU Xinyu, DONG Zhixin, KUANG Fuhong, et al (464)
Woody plant leaf litter consumption by the woodlouse Porcellio scaber with a choice test ««++e+eeeeeees LIU Yan,LIAO Yuncheng (475)
The bacterial community of coastal sediments influenced by cage culture in Xiangshan Bay, Zhejiang, China — «-ceeceeeeeeeeieeienes
.................................................................................... QIU Qiongfen, ZHANG Demin, YE Xiansen, et al (483)
A study of meiofauna in the COMRA's contracted area during the summer of 2005 ««+vreeererererrmiriiiiiii
........................................................................... WANG Xiaogu, ZHOU Yadong, ZHANG Dongsheng, et al (492)
Hydrologic regime of interception for typical forest ecosystem at subalpine of Western Sichuan, China = +eeererereeereemeeiiiii.,
....................................................................................... SUN Xiangyang, WANG Genxu, WU Yong, et al (501)
Landscape, Regional and Global Ecology

Sensitivity and vulnerability of China’s rice production to observed climate change —<+-v+eveereerenreiieiiiii



668 A E = 334

Characteristics of temperature and precipitation in Northeastern China from 1961 to 2005 «««ceeeeeeereenreeniiamiiiiin,
.......................................................................................... HE Wei, BU Rencang, XIONG Zaiping, et al (519)
Combined effects of elevated O, and reduced solar irradiance on growth and yield of field-grown winter wheat — «-+-eeeeereeeeereiineenns
.................................................................................... ZHENG Youfei, HU Huifang, WU Rongjun, et al (532)
Resource and Industrial Ecology
The study of vegetation biomass inversion based on the HJ satellite data in Yellow River wetland — «-eceeeeereeneeeeeiieiniiniiiin,
................................................................................. GAO Mingliang, ZHAO Wenji, GONG Zhaoning, et al (542)
Temporal and spatial variability of soil available nutrients in arable Lands of Heyang County in South Loess Plateau «+-«+eeeeeeeeeeeeses
.......................................................................................... CHEN Tao, CHANG Qingrui, LIU Jing, et al (554)
Decomposition characteristics of wheat straw and effects on soil biological properties and nutrient status under different rice culti-
Ty D L T T TN WU Ji, GUO Xisheng, LU Jianwei, et al (565)
Effects of nitrogen application stages on photosynthetic characteristics of summer maize in high yield conditions ««+-+eeeeeeeeeeeeeecene.
............................................................................................. LU Peng, ZHANG Jiwang, LIU Wei, et al (576)
Urban, Rural and Social Ecology
The degradation threshold of water quality associated with urban landscape component ««««+eeeeeeeeeereeneiiiiiiiiiiie,
....................................................................................... LIU Zhenhuan, LI Zhengguo, YANG Peng, et al (586)
Ecological sustainability in Chang-Zhu-Tan region:a prediction study —«e+oreeeeerereeeeeieiiiii. DAI Yanan,HE Xinguang (595)
The effect of exogenous nitric oxide on activities of antioxidant enzymes and microelements accumulation of two rice genotypes
seedlings under cadmium stress «eesereeerereeeriiiiiii ZHU Hanyi, CHEN Yijun, LAO Jiali, et al (603)
Forms composition of inorganic carbon in sediments from Dali Lake ++-eevee-ee- SUN Yuanyuan, HE Jiang, LU Changwei,et al (610)
Fractionation character and bioavailability of Cd, Pb, Zn and Ni combined pollution in oasis soil =~ «e+ererererereremieiiiiiiiii...
....................................................................................... WU Wenfei, NAN Zhongren, WANG Shengli, et al (619)
Effects of CA and EDTA on growth of Chlorophytum comosum in copper-contaminated soil = «+eeeeerererererariiiiiiiiii..
............................................................................................. WANG Nannan, HU Shan, WU Dan, et al (631)
Research Notes
Values of marine ecosystem services in Haizhou Bay — «++eeeeeeeeeees ZHANG Xiuying, ZHONG Taiyang, HUANG Xianjin, et al (640)
Variations of Leymus chinesis community, functional groups, plant species and their relationships with climate factors —+eeeeeveeeeeeeens
......................................................................................................... TAN Liping, ZHOU Guangsheng (650)
The effect of N:P supply ratio on P uptake and utilization efficiencies in Larix olgensis Henry. seedlings —+e-eeeeerereeereeeiiiiin.e.
.......................................................................................... WEI Hongxu, XU Chengyang, MA Liiyi,et al (659)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JET5 1 AL F5 SRR R SO s W ST M4l s AR A 2 B BE

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

£ & ¥ W ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semimonthly, Started in 1981)
(lliﬂﬁj 1981353)%@”{”) Semimon y,; arted in
$33% H2H (201341 H) Vol. 33 No.2 (January, 2013)
B (RS A Edited by Editorial board of

H Ht H
ShgR 3

Ho AR
B Rl
®x 17
iT M
B &1T
ITERE
W Al E

Hhik b5 XU 18 5
MR L 4 % - 100085

LG : (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
T

HhE R AR S

rf E b B A AR T L
Huhk . 6 BT E KBS I 18 &
R B 2 1 - 100085

- & B i
otk S AR BIARIL AT 16 5
R i 5 : 100717
At AREN R

- & B i
itk AR BEIRARILE 16 5
B s . 100717

L35 : (010) 64034563

E-mail ; journal @ cspg. net

4 [ - HU bR )R

rp ] [ B 5 57 ) S )
Hudk . b5 399 546

MR L i 5 : 100044

UG LRI 8013 5

Editor-in-chief

Super

Sponsored by

Published by

Printed by

Distributed by

Domestic
Foreign

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

www. ecologica. cn
Shengtaixuebao@ rcees. ac. cn
WANG Rusong

vised by China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

Science Press

Add:16 Donghuangchenggen North Street,
100717 ,China

Beijing Bei Lin Printing House,

Beijing 100083, China

Science Press

Beijing

Add:16 Donghuangchenggen North
Street, Beijing 100717 , China

Tel: (010)64034563

E-mail ; journal @ cspg. net

All Local Post Offices in China
China International Book Trading

ISSN 1000-0933

Corporation
Add:P. O. Box 399 Beijing 100044 , China

9“771000 093132

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 90.00 T



	01.pdf
	fm.pdf
	zml.pdf

	stxb201111151736.pdf
	03.pdf
	yml.pdf
	02fd.pdf




