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Evaluation of Ecological Sustainability Based on Revised Three-dimensional
Model of Ecological Footprint in Zhangjiakou City
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Abstract: [ Objective | Taking Zhangjiakou City as a case, the purpose of this study was to analyze quantita-
tively the ecological sustainable development of Zhangjiakou City in 2003-—2013, and to predict the trend for
decision basis of ecological system structure optimization and ecological construction and management.
[ Methods] Revised three-dimensional model of ecological footprint was adopted to calculate its dynamic chan-
ges of consumption and supply of all land types from 2003 to 2013. And GM(1,1) gray predictive dynamic
model was constructed to predict the trend of ecological sustainable development in the next seven years.
[ Results | From 2003 to 2013, biocapacity per capita in Zhangjiakou City decreased from 1.460 7 hm?® to
1. 321 0 hm’; ecological footprint per capita increased from 2. 271 6 hm” to 5. 490 0 hm”; ecological deficit per
capita increased from 1.845 9 hm®to 4.671 9 hm®; ecological footprint depth per capita increased from
5.336 2 hm’to 7. 254 4 hm®, and ecological footprint size per capita increased from 0. 425 7 hm®to 0. 747 0 hm®*. Mean-
while, ecological footprint per capita of fossil fuel land, construction land, water area, arable land, grassland
and forest land showed a trend of increase. Expect for grassland and forest land, ecological carrying capacity
per capita of other ecological productive lands were decreasing. Construction land, arable land and forest land
presented a state of ecological surplus, and their ecological footprint depth per capita were in natural growth

stage. However, fossil fuel land, water area and grassland were in the condition of ecological deficit, ecologi-
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cal footprint depth per capita of water area and grassland present an increasing trend. In the period of 2014—

2020, ecological footprint per capita were predicted in a rise trend; whereas, ecological carrying capacity per

capita would decline year after year. [ Conclusion] Therefore, in order to realize the sustainable development

of local economy, society and ecological environment, some major counter measures of reducing ecological

deficit and alleviating the pressure of ecological environment should be adopt positively, such as promoting

the use of clean energy. controlling the population quantity, increasing the ecological land area, etc.

Keywords: ecological sustainability; three-dimensional ecological footprint; GM(1,1) model; Zhangjiakou City
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PR ANMED R AR S N A R #
INT NS R, N A28 3 ) B N A
YR — B0 bR 5 23 5T A AN RS
WNT N AR E Ty N A2 3 T B 5 H A
AR —3, Hrb BE AN AR BT
ST NP A S RS TR B Ry 88. 2206 ~91. 64 %,
MM A7 4.38% ~ 8. 780, A M 5 1,850 ~
2.91% B 5 1.33% ~2.09%, K5 0.42% ~
0. 75% , F B 5K Z2 11 11T 19 N 359 i ) 4 b v L B
FUbRHD S 3

3.4 EXREBITBTSS R

3.04.1 AKX R AN KRB N TN E LR RYE
F 3 Fi/RAY 2003—2013 4E SR K Hilf A B A28 2 i Fl
NI 8 W g R R R 8 2R 48 7 ik ST

KA AR GM1,1),
B A4 25 i i GM(L, 1) ARy

20 (k4-1) = 33.939 707¢75 2% _ 31,668 093 (7)
AN AW R 10 GML, DR .

2P (k+ 1) =— 116, 609 457¢ "2 4 118.068 05 (8)
XN A 25 i F N AR 0 i GMI(LL D)
FEA I3 AT A B, A5 B 45 R K 4 JroR, 7 A X
RN 4. 592 898 Y% 1 0. 839 842 %, J5 46 22 HAH
AR 0,210 662 F1 0. 243 494 /NREREZ p K
Ly 2R I H T €0, T 00 A58 78 P R 380 — b v HAT A
e Y AT AR BE
3.4.2 AXRIEFAHARE AN 2014—2020
AR E DTSRI NS A YR T RN A
AR T 25 A WK 4,2014-—2020 4E5KR K LT
NI A28 3 B AR R, i 5. 758 883 hm’ 14 fin 3|
9.097 473 hm”, B4 il T 3. 338 590 hm’, 4 ¥y 14 K
8. 28 %6 s A Wy iR B J1 B AR E >, 1. 285 867 hm® ik /b
F] 1. 207 447 hm® .38 /> 7 0. 093 521 hm® , 4E ¥y >
104 % . DL 125 500 5 80 B AR F B AR oK, = gk
FHMXFRME RS RKE S T AP EY
RS N RH #2 Bk AESHREL TAZ 2R
B AEBKRIREANTFEL,
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F3 HKFROMH2003—2013 EAMERBITEMANENERKNLHRES TNELER
. ABHEZS B /hm’ N ¥R 2 47 /hm?
LR {E T 5% 2% SHINE T (A 5% %

2003 2.271 614 2.271 614 0. 000 000 1. 460 591 1. 460 591 0. 000 000
2004 2.592 383 2. 687 616 0. 095 233 1.453 291 1.458 319 0. 005 028
2005 2.785 557 2.900 444 0.114 887 1.445 991 1.440 081  —0.005 910
2006 3.252 362 3.130 123 —0.122 239 1. 426 421 1.422 071  —0. 004 350
2007 3.714 098 3.377 992 —0.336 106 1. 422 498 1. 404 286  —0.018 212
2008 3.728 246 3. 645 488 —0.082 758 1.392 081 1.386 724  —0.005 357
2009 3.446 173 3.934 167 0. 487 994 1. 342 831 1. 369 381 0. 026 550
2010 4. 378 994 4.245 705 —0. 133 289 1. 332 636 1. 352 256 0.019 620
2011 4.666 311 4.581 915 —0.084 396 1. 329 427 1. 335 343 0.005 916
2012 4.821 119 4.944 747 0.123 628 1.323 277 1.318 644  —0.004 633
2013 5.419 012 5.336 311 —0.082 701 1.321 032 1.302 153  —0.018 879

AHR - ¥R 2/ %% 4.592 898 0. 839 842

KB/ % 95. 407 102 99.160 158

JEWE G ¢ 0.210 662 0.243 494

IMBER p 1..000 000 1. 000 000

F 4 WK ATH 2014—2020 F£ NHERBITI A EW RIS HM

EAy NIGAEZS I /hm® A A Wk g R/ ho?

2014 5. 758 883 1. 285 867

2015 6.214 917 1. 269 786

2016 6.707 063 1.253 906

2017 7.238 183 1.238 224

2018 7. 811 359 1.222 739

2019 8. 429 926 1. 207 447

2020 9.097 473 1.192 346
A = 3. 338 590 —0.093 521
WEHAER/ % 828 —1.04
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