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Spatiotemporal characteristics of an ecological footprint, decoupling effect

tendency, and grey prediction in Hefei city
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Abstract: The methods of ecological footprint and decoupling effect analysis are effective tools for measuring the status of
sustainable development in a region. Taking Hefei as an example of rapid development of urbanization, this article applied
the analysis of an ecological footprint and decoupling effect to conduct the quantitative research and dynamic analysis of the
ecological status from 2000 to 2014. Additionally, the GM (1, 1) model was established to predict the ecological status of
Hefei from 2015 to 2020. The results show that from 2000 to 2014, the per capita ecological footprint of Hefei and the per
capita ecological carrying capacity fluctuated. The fluctuation of the ecological deficit was small and increased slightly in
general. The ecological footprint of fossil fuels was relatively large in recent years. The space distribution of the ecological
footprint and carrying capacity is low in the urban district and high in the suburban district. In the decoupling relationship

between environmental pressure and economic growth, the frequencies of strong decoupling and weak decoupling were 42.
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9% and 28.6% , respectively. The grey model predicts that the per capita ecological footprint from 2015 to 2020 will also
increase. This finding is significant for optimizing the industrial structure of Hefei City, implementing different land use

patterns, upgrading land patterns, and for controlling population growth moderately.
Key Words: GM (1, 1) model; ecological footprint; decoupling analysis; Hefei City
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Table 1 Decoupling index and decoupling state

FREE KR

R . L IR KR M AEH8 %L DI
Environment pressure | . L.
State th rat Economic growth Decoupling index
gI’OW' rate
Wi %4 Decoupling WH A - - DI>1.2
SR 4 - + DI<0
553 4 + + 0<DI<0.8
%4 Connection ki + + 0.8<DI<1.2
iR - - 0.8<DI<1.2
| I Uiy + + DI>1.2
Negative decoupling SR 4 + - DI<0
5 1 B4 - - 0<DI<0.8
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Table 2 Ecological footprint account of Hefei city
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Fig.2 Changes of ecological footprint, ecological capacity and ecological deficit in Hefei city
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Fig.3 Changes of ecological footprint structure in Hefei city
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Fig.5 The fluctuation of ecological footprint in each county area
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Table 3 Decoupling index of ecological footprint and GDP growth in Hefei City from 2000 to 2014
B Bt JisaFE 5 T2 BBt JiliReaE =R o2 7Y
Period Decoupling index Decoupling type Period Decoupling index Decoupling type
2000—2001 1.24227498 >1.2 Pk G4l 2007—2008 -0.1674436 <0 R
2001—2002 1.21762285 >1.2 Yok il 2008—2009 0.48781171 0-0.8 554
2002—2003 0.41688378 0-0.8 55 2009—2010 -0.0509867 <0 R 4
2003—2004 0.1181844 0-0.8 S 2010—2011 2.02689928 >1.2 Pkt 4
2004—2005 -0.0801577 <0 YRS, 2011—2012 -0.2705564 <0 R
2005—2006 0.45396745 0-0.8 BEYIRA) 2012—2013 1.15795637 0.8—1.2 Yok
2006—2007 -0.4897215 <0 a4 2013—2014 -0.1116831 <0 R I 4
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Fig.6 The fluctuation of ecological bearing capacity in each county area
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HRAEA(6) AT B T ALY g .
XU (k + 1) =43.252¢ 70— 42,6964 (k=0,1, -+ 20) (7)
FEARPE LA TS BT A L 25 B AT 5, 3R 6 I RIE e AR 00 AP0 25 R SR 22 1 O
*4 BIETEXEESERS GDP BRI HIEH
Table 4 Decoupling index of ecological footprint and GDP growth in each district county of Hefei City
AR Year FEHEIX JEBH X AL X KFEL JEAR B EVE £ PR ST B IX
2002—2003 0.363 0.537 -0.760 0.614 6.649 0.183 0.213 0.284 0.610
2003—2004 0.382 0.828 0.308 -0.555 -0.932 0.114 0.267 0.371 0.272
2004—2005 -0.085 -0.002 0.016 -0.280 -0.388 -0.161 0.387 0.389 0.034
2005—2006 0.542 0.460 1.625 0.272 0.330 -0.044 0.124 0.278 0.707
2006—2007 -0.566 -0.793 -0.554 -0.300 -0.435 -0.481 -0.123 0.290 -1.009
2007—2008 -0.115 -0.080 -0.149 -0.102 -0.399 -0.126 -0.134 0.265 0.182
2008—2009 1.797 0.486 0.448 0.389 0.274 0.276 0.212 0.281 0.213
2009—2010 0.233 -0.079 -0.102 -0.282 -0.063 -0.065 -0.098 -0.198 -0.070
2010—2011 1.032 0.843 0.782 0.652 0.593 0.793 0.189 0.198 1.044
2011—2012 -0.376 -0.410 -0.080 -0.195 -0.179 -0.189 -0.216 -0.403 -0.419
2012—2013 1.483 1.140 1.596 0.872 0.931 -0.271 0.971 1.204 3.199
2013—2014 -0.049 -0.087 0.128 -0.176 -0.267 -0.136 -0.109 -0.362 0.236
x5 ARIHMFARBESREITS GDP EKIEHAER
Table 5 The decoupling index of the ecological footprint of different land use types and GDP growth
0y A Hrith e R I Hb Fih B
Year Forest land Farm land Fuel land Grass land Construction land
2000—2001 -0.528 -0.925 6.797 -4.409 1.301
2001—2002 2.065 0.557 1.786 1.713 0.167
2002—2003 -0.291 0.644 0.314 -1.950 1.034
2003—2004 0.671 -0.449 0.560 2.301 1.017
2004—2005 0.773 0.233 -0.381 -0.023 6.201
2005—2006 1.624 0.571 0.209 1.318 4.220
2006—2007 -1.008 -0.693 -0.223 -1.552 1.126
2007—2008 -0.663 -0.106 -0.167 5.133 0.148
2008—2009 -0.369 -0.481 1.337 0.871 0.743
2009—2010 1.139 -0.626 0.196 -2.311 0.008
2010—2011 -2.359 1.829 2.571 1.172 0.908
2011—2012 1.860 0.021 -0.403 -1.348 -0.780
2012—2013 1.414 1.681 0.933 6.063 1.487
2013—2014 -3.005 -0.549 0.134 -4.456 1.357
x6 WNEHER
Table 6 Prediction and residual
AE45y Year 2002 2005 2011 2012 2014 PR % Average error
iﬁ:ﬂjit\li%cﬁiﬁl/f(o::z;{\;er capita 0.760 0.8 0.886 0.902 0.933
FHXT 1R 2 Relative error 0.033 0.012 0.055 0.086 0.003 0.0378
5% 2% Residual 0.0257 0.01 0.04 0.06 0.003
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TR A J5 46 25 Bk 22 5 IR BE AL I 7 A% |, PR e ] EA T F5E00
1 72 2% 28 I 2R R PR TR AN T

HHb . Xk + 1) =- 14.922¢ 77 4+ 15.283

A AT IR FH H XYk + 1) = 6.352e""* - 6.196

it . Xk +1) =— 0.879¢ 7 + 0.9137 (8)
P . XUk + 1) =-0.107¢ "% + 0.111

A X (k + 1) = 0.000068¢>'** — 0.000066

DA AR 3575 o A B R B A, T AT FO

R AT T7 5, 2546 2000—2014 4F Y AR, X 2015—2020 4F 9 AR S B b #E4 74571, B
F 2017 - LAG W REVR TH 9% 5 F 2 A A8 B0 1 A TF , BEAR R 2015 42016 4F (1) FiN 5 B S (E 751 746
Fb  ARIECA AR E R AT Mdt 2 & B+ = A AR N E Y > B+ = 1 MR A IR GDP AR K %
H10% , HAEN VAR K RN %o, 45 4 WU (4 A= 25 2L 38, AT 45« = " W A B4 15 % . fi & 7 ml %0,
2015—2020 4F[a] , &AL A A8 R 2B 0 I WEIR N 8.9% , AL JE T 5 GDP MR AR RFRELL M 55
PRAIRZS | AT R /N AR HR A . 20152016 4F (1 F {5 5 F S22 MR 22 8/, Ul L& SO &
I, A —EMSHE N,

RT 20152020 FRETETRITRES GDP HERA X RN
Table 7 Ecological footprint of the 13th five-year plan and its decoupling relationship with GDP growth in 2015—2020

OIS 5/ (hm?/ A 2015 4F 2016 4 2017 4F 2018 4F 2019 4F 2020 4%
Per capita ecological footprint T A SEBRE T SEBRAE T o e o e T
HHib Farm land 0.255 0.237 0.248 0.263 0.242 0.237 0.231 0.225
HiH Grass land 0.00141 0.00142 0.001385 0.00114 0.001362 0.001339 0.001317 0.001295
ML Forest land 0.022 0.035 0.021 0.033 0.02 0.018 0.017 0.016
A SRR Fuel land 0.712 0.629 0.750 0.578 0.791 0.833 0.878 0.925
S Construction land 0.000034  0.0000264  0.000037  0.0000238  0.0000416  0.0000462  0.0000514  0.0000572
A F1 population 7177997 7177200 7228283 7298300 7278840 7329792 7381101 7432769
AN TS R

MU\./JL EL ) 0.949 0.903 0.966 0.875 0.982 0.999 1.016 1.034
Per capitae cological footprint
RBAERR

. 6811919 6479740 6982521  6384380.198 7147820.88  7322462.21 7499198.62  7685483.15
Total ecological footprint
GDP/{Z7T 5802.25 5660.27 6498.52 6274.38 7278.342 8151.743 9129.952 10225.55
J #4935 %X Decoupling index -0.239 -0.24 0.209 0.136 0.197 0.203 0.201 0.207
4 %t

A GRS LT 5 A T AR 25 A AT B IR T 2 05 5 A2 75 R B 22 1) A iR 25 iR i 25 A8 Ak, e 5 1
GM( 1, 1) BRI A ROR AT . FELE BT .

NIGAZS R ET A, IHE] | 7E 2000—2014 4F (], A4 25 5 DL FTF o 3 K Rk
60.34% , NIRRT L FHIGE  FERF G R LT 140% , AT AR ), AR AESRER ) B KR E T A
Py 25 5, FER R AR T A A SRR 1 7E 2000—2004 4F 3 18] To AR K Gk F] 105% , 1% — B Be il & IR T
Tl AL ST A ACE AR, BB 2 m e sh A S A R B, FIEHE S &, R PR T AN
B, RN, X — A AT A 3G s B 5018, AR N KRR 1.48% , AR, BRI Tl AL K- 5%
PRA 7 S5 R T 08 A N 3 R X — i A AR SR B K R i R AL, 2004 4R 5, A IR TR A
A 2SR AR T B TR , D\ 2004 41 0.43 2] 2014 4F 0.48 BN 12% (5 i1 TR 30 0 v s 4 Al
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PRI 1S AE R AL T4 AR A 5 72 L Z5 A PR RS I, PRt A 382 R8T HE 15 AR TR S iR R T A3
JEAE, SR, F T A A SRR T SRR /N, il B 3G K IR R B A AR, A S R AR IE P A 384
BT LT RN FERFR AT, AR RS R A LT E S i E TS TR RS R B, (LR R R
AN RIS E T, SHFE R 2000 4EH L, EUA T 18.4%

EERE 7, 2001 4F S5, A A7 SRR b A 25 R 300 o M A 25 2 5 L 7 A K (2000 45 Ik M 7 e B oK)
2002 AETFUG , Ao A BRAH b A A 25 508 2 R 5t At - i 2 TR | 5 P 5 VIR T RE X A A R ) 2 IR P
TA BB % LR, dE i P A S R 5 b— BRI

MZS ) R, NS R 5 A SRE I e B W as ) 25 5 ) AR Rl 5 AN A SR E0 KEL
S O I DA, AR X B A REAE 3k 5 A B T E R A X R R R AR — 3

WA A FHZE TR, Bk b 1 A 25 A2 38 5 48 5 1K ] 9 IO A RS et , FL UMb, 7 2000—2014 4[],
AR S E T B PR A 9 ANAFA0 BB AL, JEr 7 ANAE 0y H B B 4, 3R T i FH b R 3 R 9
SR B oK | 59 B A B B T AR I T 28 B R RN [ A A1 2 S 5 DA DX
AR, AR S i 1 & A S xR M VY BAN K = B i F Tl b & R0, AR 3 R il /N, i ARG A4 R
B s ME N BRI R B X, i T 452805 e db g /b A S R 5 4 0K B0 6 U a4 ; HE) &, AR
TI7E 2006—2010 A4 25 2 5 5 28 U 18 K MR S d5c g, HA 2008—2009 4F H 3L T 55 48 , R 4R A 340
SRR R AE T X — 8, A M T R AT BRI HE R , NS AR BRI A& T, K1 R SR s
AT, RIS 8 A T 8 i gk Ak i e 15, ELGI BB P I & 48 A AR IR B I PR AR 3 v T A SR B A
FRIECR I LA 25 R v I 3 (0175 B G20 | 5 26 DF 3 1 I B AA RS DA I #4885 LR AR LA SS B 44 A ik
RS

TR AB TIN5 5 5 | A BT A AR 28 R 3 7E 2015—2020 4E 5 A3 B AL 54 0K 20 b
LSS, EESCEL A DA B T AR AR ) TR B R T DA R R A RS I A, A A W
B AR BOR I S0, N EE =7k GDP Y STERER i A BE IR 1 R M AR, — DR E A R )

5 Eil

ST LA SIS FAEAE Y RS, AR B ST L F

AR S A A R AR B VR IE 2 b A (i &, T AR R IR IS 2R 45 40, 38 B8 1o i A | Dty 25 Ak A e D
T3 U AR 01T 0 578 28 A A K 7 2, K SRR i RE TR T & IRFEBE S5 i B B = L i 8
HEINEE =7 T i BHRRTROAR , 5 e A, IR T BECHE T ARE RE TR fe kAL, 18 Ak A 4%
P A5 Y — AP K 2

TR IR . S N T BN B IR 3 Pk 7 B, 4 s b T B B vt T AR A /0 S B0 2SR 3 0 R R Y
FEEJE R, DR AR AR X E 8K AR b S e T WD A A B T B s M e X R
HA 5T B0 L AT B 2

X RE PTG S A 3K RN i B30 20, A 358 DX 77 5 4 ok 1 i T R 54 11, M T 53
P 25 TR BRI A AR AR B b PR T T L G B TR S R A ) S S B B 3
N il e GBS E P, A R Tl fes R R iz,

(RIS, A A T ) 3 5 BRI IR & 2 18] 10 J 4 253 (1] 5 58 0 19 4% , B0 3l B A A 5250 X 252 1K 3 it b 4 A7 9k
FEAL R, R0 h S I 5 A A 2 25 b TR IR A, AR T T A b s R R O, T — R 97 B4
RISl A A A AR PRI 20 S K A 2 | TR i A T 0 A R 3R

AHIFFE AR — AL 25 Sy v | TR T I 1A 308 14 24 265 J2 58 XU SFARY , by B R 2 A B
BT - R BB TARR S %
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