8507 B 12 B H A 2 # Vol.27,No. 12
2007 £ 12 A ACTA ECOLOGICA SINICA Dec. ,2007

REANSESETSEWREN
T EMD S B iF=

RS - R

(1. R IRE RS R 2 2 B, VIR R 210046 2. IR T IS LA BE3R R SRR, LUK IRYT 276005 )

WE A REBEZS 5% (EMD) 7k @ 4REX 1961 ~2001 4R B A S R B 5 £ R BRI AR, #r BA
AT S B AR RS A TR R $R HHRR 50 2 PEAESE B AEYRB A LM 3 HRUFER, ERERUW:(1)40 2
x, PEABLES RSB SPAREM, BA B 3.5 a F18 a A SIEH; b E A A=Y RB NS A R, B
FAHBA2.7 aF28 a AR (2)F—WRIB, BIRK 50 a BEANES L SEYRBARIFTZ 40 a WEHTHE
AAE WAL R et BT, 2050 4R35 3. 391 g-hm’ ; AHA MRS 3652 Tk, 2050 45 0.490 g-hm” ;T AIY A4S
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Abstract; The fluctuant cycles of per capita ecological footprint and biocapacity in China from 1961 to 2001 are
decomposed and picked-up based on empirical mode decomposition (EMD) method. Nonlinear dynamic prediction models

are presented with the cycles. We proposed three prediction scenarios according to Living Planet Report 2006. The results
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show that: 1) Over last 40 a, the obvious undulation cycles of per capita ecological footprint ( EF) growth in China are 3. 5
a and 8 a, and the periods of per capita biocapacity (BC) growth are 2.7 a and 28 a. 2) The business-as-usual scenario
looks at the consequence that per capita EF would be 3.391 g-hm”, per capita BC would be 0.490 g-hm’, and per capita
ecological deficit (ED) would be 3.024 g-hm” in China if their average annual change rates are constant. 3) The slow-shift
scenario shows per capita EF in China would increase from 1.395 g-hm’ in 2001 to 1. 84g-hm” in 2025 and per capita BC
would fall from 0. 9745 g-hm”® in 2001 to 0. 860 g-hm® in 2025 if their average annual change rates are corresponding
1.195% and 0.614% . Per capita ED in China would be 0.989 g-hm’ in 2025. 4) The rapid-reduce scenario shows per
capita EF, BC, and ED in China would fall from 1.795 g-hm®, 0.860 g-hm’, and 0. 935 g-hm” in 2025 to 1.381 g-hm’,
0.739 g-hm’, and 0.641 g-hm’ in 2050, respectively. But a hypothesis of this trend is the change of per capita EF and
BC in China should keep the same trend of contemporaneous world. Therefore, China could denote sustainability at the

global level.
Key Words: ecological footprint; biocapacity; EMD; dynamic model; nonlinear prediction
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B2 pEARLESEBSE IMF 8 R B3 SEAMEMRBAZMLK IMF 5B EEEE
Fig.2 IMF and residual trend of per capita EF in China Fig.3 IMF and residual trend of per capita BC in China
#1 HEAHESEBTHNIMF SENER.FERRERIE
Table 1 Variance contribution by IMF, _, and its order
IMF; IMF, IMF, RES
JEI#A Periods (T, a) 3.5 8 0
2 Filk %R Variance contribution (% ) 0.6201 2.2878 97.092
F2 WEAHEYERBZATAYN IMF HENER. FERBREREF
Table 2 Variance contribution by IMF, _, and its order
IMF, IMF, IMF, IMF, RES
JEIH#A Periods (T;, a) 2.7 28 40 £
5 ZETIHAER Variance contribution (% ) 0.1126 20.807 36.747 42.333
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Rfo RFFAYES EBREWRR S (g-hm’) , % AFRABES BB IAE YRR W HE
(g-hm®) s fRFAHE (a) ,r RFEAES BBBAEYREN WEELE, T, REAB.
AR 1.2 Ry T, RAK(9) 7T75

EF(t) = EF e (39) nmin(F) (10)
BC(1) = BCye™ o (29) () (11)

A (10) ,(11) A HIRH A A S H E A AN R 5 EYRE ) 30 E S,
3.2 [EREWN ST
3.2.1 —1HEIAE = (Business-as-usual scenario)

BBERIF 50 a o E AL BB YRR FRREE 40 a BAEBUE . =1.78% rye = —1.53%
AR, L 2001 4E A AR R0 1. 395 g-hm® | NI A WI7R R ) 0. 974 g-hm® 1 4048, 4 BIA) FAELEL (10) F1
(11) TRk 50 a o B AR B IR YIRS h A, % 3.8 4 TR,

#3 rg=0.0178.ry = —0. 0153 Bfk5E 50 a hE AN ESRBN LY AR NFNE
Table3 Prediction values of per capita EF and BC in China from 2001 to 2051 when rg; =0. 0178,rgg = —0. 0153(g-hm?/cap)

N N N N

B s EWRRD O SUDLse L mRen OO0
Year footprint Biocapacity deficit Year footprint Biocapacity deficit
2001 1.395 0.974 0.421 2030 2.277 0.677 1.599
2002 1.457 0.940 0.517 2035 2.589 0.544 2.045
2005 1.510 0.868 0.642 2040 2.770 0.513 2.257
2010 1.657 0.794 0.863 2045 3.040 0.509 2.531
2015 1.750 0.781 0.968 2050 3.391 0.490 2.901
2020 1.997 0.773 1.223 2051 3.509 0.485 3.024
2025 2.122 0.715 1.407

HFERIE4TLIEN KK 50 a FEABESE A28 238 Ecological footprint
IREMRES R 40  BORILEH, WA _35[ R ey
AR B AL FF,2010 £ F] 1. 657 g - hm?, S
2020 4E35%] 1. 997 g-hm®.2030 4Ei5 3] 2. 277 g-hm’,
2040 4E35%2.770 g-hm® 2050 4E1 %] 3.391 g-hm’; A

T

NHBRA R
Per capita (g-hm?/cap)
N
=

0.5 ==
!

WOmes mrm T
PItE Wk 8 S 4R 4 T IR, 2010 4F 335 3) 0. 794 g-hm® — T e e
2020 4E[% 4 0. 773 g-hm® 2030 4E[£F] 0. 677 g-hm’, g0l 2005 17 2025 03 204l 208
2040 4E4 0. 513 g-hm® 2050 4E% 0. 490 g-hm®; Tfij A3 APy Year

H AT BRIHIK 2010 4735 0.863 g-hm® 2020 4FH gy ;. 001781y = ~0. 0156 BFKE 50 o sHELA SRR
1.223 g-hm’ 2030 4F 2} 1. 599 g-hm® 2040 454 2.257  pumms e

g-hm® 2050 4£ % 3.024 g-hm*, FE I, ZEAREENIE Fig4 Prediction chart of per capita EF and BG in China from 2001 to
TR AR R, — VI RIBME BT &, PERF 2051 whenrgy =0.0178, and rye = -0.0156

R es R BRI RIEH IR,

3.2.2 228724k 1E = (Slow-shift scenario)

(2006 HuFRA A Fy 35D P BRI A1 RN : & 2025 45,2050 AL FRA K A A B4 B K 1. 795
g-hm’1.348 g-hm® , AL 7R F1 51 519 1. 538 g-hm’,1.461 g-hm®, W 2050 4F 3R 7] LAVH BRAEAS R
UL, KK 50 a 2IRABEYRBFERBAE R 0.614% (§7(2006 HBRAEM ARG F 3 HERI) . A
EREREBHABRE, - BEENESERZTERRNEF ZRAKT,BEREERH A ES R T
HEED?, PERTARYTER, HEHS SR SN TRER BN, AM1EERE A EESE
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i, AR 20 a FER AR RIERA T RRAY, R B BOR TE Pl sk R B 20 i 6 1 T P A AR RS HE M P 11K
NS RIS RE B SR B SRR EEK P4, LB 2 E S8 E YRS, BEEE A O3
RABEIRBATIS T M. AHRERETBRIAR ,HARK 20 a FEAEF LM 2001 4£591.395 g

-hm H ] 2025 FLFRAIKIKF 1.795 g-hm”, MK IR N 1. 195% , B rpe =0. 01195 ;35 AH A H17K
B RN IR E YRR )2 0.614% , B 1y = —0. 00614, B4 F B A3 A 25 L IR 1P 4F 27 38
KE rpe =0. 0195 N YR B RIFF WA 2 e = —0. 00614 AZE, 53114 2001 42 AFAZ 70 1. 395
g-hm”  \HEYRES) 0. 974 g-hm® M, FIFELRL(10) A1 (11) FEEUE TR , 3% 4.8 5 iR,

T4 g =0.01195 r5c = —0. 00614 BT 20 a HEAMER BTN ERRR HAFNE
Table 4 Prediction values of per capita EF and BC in China from 2001 to 2027 when rg =0. 01195 and rz. = —0. 00614 ( g-hm*/cap)

SEA} Year 2001 2002 2005 2010 2015 2020 2025 2027
B2 Ecological footprint 1.395 1.436 1.471 1.566 1.624 1.775 1.849 1.938
B ¥R #, F1 Biocapacity 0.974 0.960 0.930 0.897 0.892 0.888 0. 860 0.842
B9 Ecological deficit 0.421 0.476 0.541 0. 669 0.733 0.887 0.989 1. 096

Eh% 4.5 ﬁ%ﬂj %ﬂeﬂé 20 a ':P lﬂj\igék?&l@ 7238 Ecological footpring
RFFAE IR AR 1.195% AR YRR RFF4EY it
WA 0. 614% S, T A B4 25 26 2010 4E 35 F) 20 )

1.566 g-hm® 2015 4E45AF] 1.624 g-hm® 2025 KT 3 o _//
1.849 g-hm’ s AMIAYIARS) 2010 EHIATI0.897 g- _E 1]

hm® 2015 4E [ 0. 892 g-hm’ 2025 4EFEH] 0.860 T 10-.. L L L. T
gohm’;s AT 2010 40 0.669 g-hm® 2015 4 <5 o -~

% 0.733 g-hm®.2025 4E % 0. 989 g-hm’, 5—14]8RIH & 83 :’

T%ﬁﬁimq$ﬁ tt’2010‘2015‘2025 iﬁE‘JAi@éE?&j‘ﬁ?ﬁ 0 ZO‘OI 20IO6 20‘“ 20‘|6 20‘21 20‘26
B4/ T 0.194 g-hm?.0.236 g-hm’.0.418 g-hm®, Flly Year

HBENC &R PENET K BULAZERERN S BS 1oy =0,01195.rs = 0.00614 A3k 20 a B ZE
RIEHEFE SR AN KES, UE &k BE A —

TEMEERA DK RERAEN AR TARMLS, Fig.5 Prediction chart of per capita EF and BC in China from 2001 to
HRHK20 a AU REARREFRE KM FERFEMRAES 2027 when ry =0.01195 and ry, = - 0. 00614

FF. EH, ZBB BRI R B RS

AR BRIV, BB — P 5 LR —F kK.

3.2.3 P E R ( Rapid-reduce scenario)

20 a J5 , 1HBEE P RS R BASAKFHRKER, B REFKE HEEIRAERELSN RS %,
B4 2025 2050 4EH E AR BFER] WWE 72(2006 sERA A 3045 ) ) Has M 5 sh W i £ 3R F
FI7KE, BP 2025 4E% 1.795 g-hm® 2050 4E4 1. 348 g-hm® , MAE 308,202 5 4 0.996% , B rpe = — 0. 00996
B AL YRR W 2R YRR 803 0.614% , Bl rye = —0. 00614, FHH E AHAERE
ARFHEIB A F e = 0. 00996 A A W) 7K 3 R FFHE B 1y = 0. 00614 A7, 5371 L 2025 4E A
B R 1.795 g-hm® 3% 4 w2025 4E A2 7K 4R F7 0. 860 g-hm” g, FFAAEEY (10) F1(11) M4 fE
i, 2= 5B 6 s,

B3 5. & 6 WE N FHHEAKMAN R BT 2025 ~ 2050 4ERBGE A D] WWF HRE W AF R 5 2 3RF
B, BRI A 35 R i FAE MR 2 ) 43 AR FRAE Y30 2R 0. 996% 0. 614% AZE , M AR A 25 2 ik 2030 4F
53] 1.719 g-hm® 2035 £33 1. 611 g-hm® 2040 4E35 5] 1.551 g-hm®.2045 4E 53] 1.479 g-hm® 2050 4E
53] 1.381 g-hm® ; A X4 M7&ER 1) 2030 4R/ 4 0. 812 g-hm* 2035 4ERE# 0. 771 g-hm® 2040 4EpE % 0.753
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g-hm® 2045 4E353] 0. 750 g-hm® 2050 4Ei53] 0.739 g-hm® ; AXJAER RS 2030 44 0.907 g-hm* 2035 4K
0.841 g-hm®.2040 4E % 0.798 g-hm®.2045 4E% 0. 728 g-hm’.2050 4E% 0. 641 g-hm’, 5—47] R IH & 5 Ml
FH 1. ,2030,2035.,2040.,2045 2050 4R AR HRFES 46 /N T 0.692 g-hm® . 1.204 g-hm®.1.459 g-hm®,
1.803 g-hm’.2.260 g-hm’, (2006 HiERA: My Fy3fa5) ™ A B E 2003 42 A EBFFN 0.4 g-hm®, 53]
FREHER T E 2001 EABERFFILFE . SHAZBEERN 2003 FEAHESHFE  EEH4.8
g-hm’ | LLA 4.4 g-hm® , 3 E 4.0 g-hm’, H AR BB IR PTG F B4 3.6 g-hm’  FHE 3.5 g-hm’ , B
2.8 g-hm®,3F222.6 g-hm®) M 1, E BRI S HFR/D B EEEE BN ESTREET, BB
B3 3 5 1 B AR AR R A TR 2 ER EELEA BB YR A AR, B AR A A A T BRAE B E Y
T3 B, B, PEBUFEELIER L5 R ERIEA SR UE R RE RS AR b, B DU
BHNA S TR E M KAV RE N BE O, HRI ST F .

RS rgp = —0.00996,75c = —0. 00614 Bf 2025 ~ 2050 £ s E A 39 A B R AW R HFAE
Table 5 Prediction values of per capita EF and BC in China from 2025 to 2050 when rg; =0.00996, and ryc = —0. 00614 (g-hm?/cap)

SEA} Year 2025 2030 2035 2040 2045 2050
B2 Ecological footprint 1.795 1.719 1.611 1.551 1.479 1.381
B ¥R #, F1 Biocapacity 0.860 0.812 0.771 0.753 0.750 0.739
B9 Ecological deficit 0.935 0.907 0.841 0.798 0.728 0.641

4 FS5iit
15 ik EMD 7304 L $RE 1961 ~2001 4F [ A Xy

A7 23 Ecological footpring
- = - H¥rRER ) Biocapacity
— — HZHRT Ecological deficit

N~
=)
1

A RS S Y RB RS, S B A 18

T |

o IR 3 SRR AT IR SURO BT, 8 G20 _ _ _

WL T & <'%8:2: T T T s
(1)40 a 3, B EAB AR R W R Rl 204

i, RAEWBRK3.5 a fl18 a NSRS PEANAE Cozs a0 2035 2040 2045 2050

REA T B A R B, AR 2.7 2 T 28 A

B B .

B 6 rep = —0.009996.ry, = —0. 00614 i 2025 ~2050 4= E A

(2) & —IIRIB, BIRK 50 a hE A4 KBRS
YRR R % 40 a ISR R ER AR, ] 2050
FEANBERRB EYRRD . ESKFE S 5%

A AR R B B
Fig.6 Prediction chart of per capita EF and BC in from 2025 to 2050
when rg; = —0.009996, and ry; = —0. 00614

3.391 g-hm®.0.490 g-hm®.3.024 g-hm®, {42 % BT
FIEE IR,

(3)HFZREARL, BPARFK 20 a FEAES BB REFEHEKER 1. 195% | N4 YR8 £ %
0. 614% A5, W 2025 45 AR RV AT) 1. 849 g-hm” , ARSI FEH 0. 860 g-hm”  AHKJERARF
90.989 g-hm®, XA A SBREA W REE W R 5 BHE YRS ) GBS BARMES BB EHK S
Tt YR B kB

(4)%5 2025 ~2050 4Eeb B AR A2 B B BRI 2, 3% ) WWF T -2 Bk R A8 KE , A4 0 R 8
FHIREE AR, M 2050 4E AMER BB MRS S ESKFHS A 1.381 g-hm®.0.739 g-hm®,
0.641 g-hm’ Xk, FEESEBEAE D TFLHLBOKTHERTRER B EH IR THER BN
B DB AHESIE R

ASCHR M AEL M Bh TSR R 2 E R W, FEENETAESEDH TN R RE—FFE
B, BMDEZRERMG MTEMAXSHNME, WEFLBREN —EWHIREER. RERESEMNT
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