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Prediction on the dynamics of ecological footprint and ecological capacity based
on EMD in China
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Abstract: In this paper, the author analyzed ecological footprint and ecological capacity from the year 1961 — 2003 of
China with the method of Empirical Mode Decomposition (EMD) , and made a dynamic model, predicting the ecological
footprint and ecological capacity of China in the next 20 years. The results indicated that with ecological footprint bigger and
ecological capacity less, ecological deficit will become bigger in the future. China will in an unsustainable state in
ecological aspects. The government is responsible to improve ecological capacity and increase ecological footprint to make it

a sustainable development.
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#1718k (component method) —2 43, {1 HE FITE B B R BRI R I KR IBH = RE LM ERN
RS b SRR LB RO M ZRAR i R M 4 284 Pk KR R AR TR M A AT IR
Bt JLAFE W3 58 3 P9 Bl A 38R Y K 385 B A, 4T 2t AR 7S B AR BUR & A s S AT 9 — 2848 3T, Mathis
Wackernagel B AR IN5E T A4 75 BB mt A 5 i arss

A3 mathcad 2001 F1 matlab 6.5 34, 18 T E 1961 ~2005 AR BB MARA&E S, 8L EMD
TS BT AT, FECERE I, BT 3 ) AR R AR AT IR , A R P BAE S B S AW LA
B, R B AR I RES R REOR MR S K3
1 HEEN
1.1 A7 Rl &R E

R4 A A R A | AR 2 R 70 R e X B0 s BT i R Lt B &, P B A

EF = Y EF, x YF, x (C/Y,)/P,(k = 1,-,5,i = 1,--,n) (1)

A, HHBRTE sn AHEBIREHGE A LKA C Fon=m i NERR Y, Rrim ¢ DS 4>
713 P TR RIBN O EF Rom NI AEB R,
AR N s KR BRS  TTEARN:
EC = Y A, xEF, x YF,,(k = 1,--,5) (2)

A,k o KR A, Fon KIBPEA B9 b R SR EF, & HE T, =0 & X5 R g
TSR A FIYEE N YF, o= BT RAPIRE KR b R S bR HFIEF A2 .

FEAE A R AN AR AR B WO TR 2R B VT DA & SR Y AR B TR S BEAT A . WWRAZ DL T4E
BAREN AT ST BUFEESER. HEAKX .

ED(ES) =EF —-EC (3)
K, ED(ES) BARNHERFF(ERBR) , ERVRB LT FE AR, 23080 APt & E

SRR R BABTH B o
1.2 Sk #%(EMD)

B IR/ (empirical mode decomposition, EMD) 73 (FR& kit ) 12 B —Fh 25100 A 3 9 - Aa 31
PSR T3k, Gt AL BUG , IR IR ZKYE (signals) BT AT i AE AR B %K (intrinsic mode function, IMF) 538
(imfx) PR — A EE A E T (res ) TR :

X(¢) = gc,-u) o (e) (4)

AR FRIE M s B R T AR T EMD St AR R AT A,

B, EMD 773k B 2SR T B U RO SR S S e i U, TT LA BUZE R m A H R,
BT R TESE 2 BB S SUR T AE B REIPEH
1.3 R

Y% EMD $2 B A= 78 R i R A AR B S AR LE) IMF 3 8 B 57 3l ) L

€ (¢) =A1sin(2T7Tt +<p1) +x, \,C;(t) :Ajsin(z%'t +(pj) + 2
DD o B (D) =5 (5)
Hy EMD 73 R B .
X(t) = ;[Ajsin(qujt+¢pj)+xj]+xre” (6)

A, o (1) REABES BB BAESEKE S b’ VISR« RBREWHR IMF 53-8 ;x, RFGL T
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W g UERAHA] (o) sr AR AT E B BRAETRBINERE, T, ORI A;, REIRIE; o, AT

2 ESREMESKENRITET EMD S5 55
2.1 AFEESEBAMESERBENNHTE

EBEFHER S ERR AL (FAO) Gt Bt B SORH A B SETHF 50 , IR AR TR 07 B 3 P 4R A 35
RBFAETAB TR THEITRRA A M SR R R AP R Rk 2R
AR5 25 Horp il TORER MG PO I SR SR S , X B AR A KRR AR s R i, by T B
HBRZ FIARSER , X B EAAS BB ETRBNHTHED Bl TR AR AERRB AR , H
B G RN E A A O VR A AT Rp S K R B AR i o L D AR AR A R AR R B Y

THEERNELEL
£1 1961 ~2005 £ehEABESBEMESERE S (o)
Table1l EF and EC of China between 1961 ~ 2005 year
44t Year ERET EF ERRRH EC 44t Year EREB EF ERERPT EC
1961 0.75754 1.43412 1984 1.09614 0.93072
1962 0.78815 1. 40966 1985 1. 10963 0.93626
1963 0.74082 1. 36984 1986 1.12284 0.92318
1964 0.79709 1.32646 1987 1.16151 0. 90886
1965 0.81885 1.31119 1988 1.20563 0. 90053
1966 0.81285 1.27197 1989 1.21201 0.88139
1967 0.77505 1.23691 1990 1.20910 0.88130
1868 0.73639 1.19473 1991 1.24170 0. 88553
1969 0.73903 1.16272 1992 1.26236 0.87910
1970 0.82734 1.13094 1993 1.33813 0. 89092
1971 0.82821 1.09403 1994 1.34440 0. 87666
1972 0.82702 1. 05906 1995 1.44538 0. 88295
1973 0.85342 1.05117 1996 1.49793 0. 89884
1974 0.86285 1.02913 1997 1.46516 0. 88690
1975 0.89674 1.00725 1998 1.45872 0. 89436
1976 0. 88809 0.97544 1999 1.46181 0. 97500
1977 0.91542 0.96311 2000 1.39416 0. 95809
1978 0.96181 0. 95562 2001 1.39526 0.97396
1979 0.99503 0.94641 2002 1.41456 0.97999
1980 1.00231 0.93520 2003 1.42547 0.92511
1981 0.98204 0.91492 2004 1. 50296 0.93007
1982 1.00098 0. 90259 2005 1.63616 0. 92458
1983 1.06652 0.94197
2.2 RS RIFIAESRER S8 EMD 53Hg S5 i
18
1961 ~2005 4F 4 45 4F b AR LSRRG _ | —— EF
B, Hep,1961 ~ 1977 480 12a RAERER(E L), gg 4
- . 32 12
1978 4FHE, o FLATMETFMBUR, FEFFREAAD  E2 15
3 N &
PSR B R, 1978 - 2003 6y S, D2 0
S o6 -
2000 ~2003 4 [ A B =R AT K, 2003 4F A3 4 ﬁ S04 1
2 02
%&j‘ﬁ? 0.817hm o 0 | | | | | | | | | | |
s 3 1961 1969 1977 1985 1993 2001
2.2.1 AFREBE EMD 535N 1965 1973 1981 1990 1997 2005
B ] Time

AR EREEE , W HAHTT EMD 70 (18 2) , 3848
BURBAIM T Z Rk #R (£ 2)

1. 7819% ,2003 4E % 1. 547hm”, F)F#LHEI(6) , BP A FA

. oM . B1 AMESEBSESRBIIEL
*& ﬁ VI‘ %: ’ }\ i{g éE o E :@S B(J 55'5 :\F i{g ig k $ Fig.1 Change of ecological footprint and ecological capacity in China
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W\Iuﬂ&ﬂé 20a EE?E%IE@SB(J{E( E 4\% 4) o
2.2.2 A757KE IR EMD S5 TRl
AR R , 3 HAEAT EMD 20 (1 3)  RRBUABIR 2 TR (K 3) .

_ 14
<
E 15 | g 12r
%” 10 L & 10 | | | L Ty
: . . | . | . . 1965 1970 1975 1980 1985 1990 1995 2000 2005
1965 1970 1975 1980 1985 1990 1995 2000 2005 _, 002
0.04 - g 0
= 0.02 =002 b1 | | | | | | ]
£, og C 1965 1970 1975 1980 1985 1990 1995 2000 2005
: 1 | | 1 1 | 1 1 ]
1965 1970 1975 1980 1985 1990 1995 2000 2005 % 0'0(2)’
=002 | | | | | | | |

1965 1970 1975 1980 1985 1990 1995 2000 2005

01
S0
& i 0.02

011 I I I I I L | 02 _/\/_\/\
-0.02 | | 1 | 1 | ]

1965 1970 1975 1980 1985 1990 1995 2000 2005

imf 3

75 JE ik Ecological footprint (hm?)

H:Zs AR # ) Ecological capacity (hm?)

0.10 - 1965 1970 1975 1980 1985 1990 1995 2000 2005
o 0.05 -
32 0 + 002
o0 g oo Z\
1 1 1 1 1 1 1 | = _006 — ‘ ‘ ‘ ) ) ‘ |

1965 1970 1975 1980 1985 1990 1995 2000 2005 1965 1970 1975 1980 1985 1990 1995 2000 2005

. 1.5 14
L0
=10t g 12
L | 10 | .

T

J—

1965 1970 1975 1980 1985 1990 1995 2000 200 1965 1970 1975 1980 1985 1990 1995 2000 2005
W} H] Time B i) Time
B2 AR LA IMF 438 KO % (hm?) B3 ASRBHELH IMF 2R EEE(hm?)
Fig.2 IMF and residual trend R of change of ecological footprint in Fig.3 IMF and residual trend R of change of ecological capacity in
China China
R2 EHRiE IMF 3 ERNTERRE R3 EREABRNTLH IMF HSEHFTERHE
Table 2 Variance contribution by IMF1-3 and its order Table 3 Variance contribution by IMF1-4 and its order
IMF 5y & FRH (a) TEFRE(%) IMF 5 & FRH (a) TEFRE(%)
Imf 1 2 0.57 Imf 1 3 0.33
Tmf 2 1 2.70 T 2 8 0.55
Imf 3 14 1.04
Imf 3 14 3.81 Imf 4 45 4.57
Res ® 92.92 Res o 93.51

RIBHE, AR AR BAE TR &R - 1.5271% ,2003 45 0. 73hm”, FIFEEI(6) , B AT FAM K
K 20a /A NME(E 4, 4),

£4  WEKRE 20 £ AHESBBMESEE AT (e’ ) TN
Table 4 Prediction ecological footprint and capacity in 20 years in China

447 Year EBEBEF  EBERRI EC  EBHTFED 447 Year EBELEF  EBRBHEC  EBFTFED

2006 1.630 0.698 -0.932 2016 1.936 0.646 -1.290
2007 1.658 0.689 -0.969 2017 1.970 0.645 -1.325
2008 1.686 0.680 -1.006 2018 2.005 0.646 -1.359
2009 1.715 0.673 -1.042 2019 2.040 0.646 -1.394
2010 1.746 0.666 -1.080 2020 2.077 0.647 -1.430
2011 1.777 0.660 -1.117 2021 2.113 0.646 -1.467
2012 1.808 0.656 -1.152 2022 2.150 0.646 -1.504
2013 1.840 0.652 -1.188 2023 2.186 0. 644 -1.542
2014 1.872 0.649 -1.223 2024 2.224 0.642 -1.582
2015 1.904 0.647 -1.257 2025 2.263 0.640 -1.623
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Fig.4 ecological footprint and capacity tendency chart in 20 years

in China
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