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Abstract; Understanding the relationship between urban expansion modes and regional ecological footprints is an important
objective in regional sustainability research, and can provide crucial guidance for achieving urban sustainable development.
However, empirical research on the relationship between urban expansion modes and ecological footprints is limited. Taking
the Shandong Peninsula Urban Agglomeration as an example, the goals of the present study are to examine the
characteristics of urban expansion modes and ecological footprint dynamics from 2000 to 2010, and to analyze the
relationship between them. We quantified the urban expansion modes and ecological footprint dynamics using the landscape
expansion index and ecological footprint model. Then, we divided the 44 counties in the study area into 4 types, and
analyzed the relationship between urban expansion modes and ecological footprint dynamics among them using a correlation
analysis. The results showed that urban land area of the Shandong Peninsula Urban Agglomeration increased by 1.2 x 10°
hm*(19.4%) , and the average ecological deficit increased by 1.26 hm® per capita from 2000 to 2010. In all 44 counties,
the area of edge —expansion growth was the largest and the ecological deficit increased. There was a significant positive

correlation between epitaxial expansion areas and the ecological deficit increment in 27 counties, such as Kenli. However,
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17 counties did not show significant correlations. In the future, for sustainable development in this region, controlling the
area of outlying and edge —expansion growth, utilizing new clean energy, and limiting the fossil fuel footprints in several

counties, such as Kenli, Zibo, and Qingdao, should be the focus.
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Fig.1 Land use/cover of Shandong Peninsula Urban Agglomeration in 2010
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Fig.2 Urban expansion modes of Shandong Peninsula Urban Agglomeration from 2000 to 2010
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Fig.3 Increase in ecological deficit of Shandong Peninsula Urban Agglomeration from 2000 to 2010
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R} Pearson IR L, P N B 3 /K-

WY A A — e B BT R — R B AR S AR RN, W AR Sy — & or B R BOR REFIAEL, X
e TABRESNERERZNREG WA, BRI RSN i A B 22 5F A, I GDP =
LA GDP BTk A SRR BT K AR T 345 IRk, Hee Nl e e s 1T AV 31 B AR
OIS ) PN S ES R

4 itig

4.1 A RETL IR § R R i 25 L I B A Y B 3R

A TR HY 2 LSS AR, 2010 AEITTHE 44 BB B0 RE IR 2 30 BT i LU R 67.3% , 2 A= 25 JE 3
R EEMA T, 2000—2010 4F i KIRAL A7 PR R B 4G T 3.4 4%, AR S L T8 AR R BT Y 7.3 453 in &)
14.5 85 MRS AN, Bl A 28R 380, Al DA 385 2 7 41 73 Ak A RE TR 38 ) R MR R AR 3SR 7
S EEEA

HMERY JE AR5 A RE TR IR I AR A IE ARG OE R, 12 27 DA " MR R LN 0.
76, Il T 0.01 AKFIREVER S (B 5) o FESRTT T R AR v, o 10 G BRI 8 g o S S 5 e v R
RGIRTIE S ) Tk A8, W 2 B A RERGH AR L, 38 W AR M il A5 RE TR A TR AR AT 2 1) 1 4R
WEEHERL CO, , 1T BEAH N (14 f6 A1 RETE T Mok « W™ o, gl v il 1™ Kk 1) fb A BB U2 38 , 4 i 5] & 2
BARFHINE

FATT 3 ) Py R 8 P S A B, B T A B Py TR . RS 9 B AR v, IRV Y

http ; //www.ecologica.cn



8 S % 378

BL A AR R T T R M A X A 6
B, AR B AR SR TR B (HHIME YR
TR T M AR 2y, T 1 A B S e Koo
37 TR A 25 % 7 B B 705 T X A 0, 3 7
i) A A, X3 T 3 0 1 R R I A1k, [
e, FRATFE A B A 5% 7 ANER Y R
T2 25 R B 17 78 T X B8 0 0 e [X 4 T 1 &
et A LA AT B TR HE B s R 3 R Ak

~
T

[\S}
T

Increase in fossil fuels footprint

AT REIE Y e/ (A B/ N)

i I * *
. L X 2R 2R 4
4.2 MRIBORE N -
LI 2 59 ki 38 L O A T bl 2% 9 B B, 2000 * S Py
Z 2010 423 X IR P v AR 0 T 1.2%10° hm?, % 1250 2500 7750 5000
{0 i FH IR 2 RE A5, + 3T & A HSCEAN &, O R

Epitaxial expansion areas/hm?

AT SRBOAHLAL, AR S PR BEOR I TR TR 10 4R i)
S TR, A3 E R 1.26 hm?, A H54E & R B s SMEXY RERSUAEERS TR NENHEXRY
Btk Fig.5 Correlation between epitaxial expansion areas and increase
in fossil fuels footprint

CLLIZRA B LA A A A (20142020 4F)) 5 Bl 27 /l\#ztx}.ip%mmﬂé%iﬁ?ﬁ I BURIIT S EL R 2 Pearson 4
H R R E SRR B M B Y A A ez p ook
AR SR AL IR & LRSS A s BB A O 427
[ sk i ], I i T 3 RE VR A 17 B0t 8, HfE b € O3 MR A R , 51 53 B A D2 R VRO 9 A
Flo ZETF I, FA TR T O S NE ™ R i B g T XIS Y 17 A~ BB 7 B 29 B2 305 54 )6
TURA SRy Rt B, CRUEI T i) S AP S A e o o) — i, X A AR M iy T XU (R 14 S ELR
T3 (R BH RE SR T A DA, #2 il A A REVR T FH A, 368 ) 1 £ B TR AL S8 PR S 34, A4 IX Il A s 4 o
PESRTT T RPSE A
43 ARHREH

AR AR 25 R BT S S A A e — AL o 3 — SO RIS BO TS R G2 b IX %
BN AR R RI 7, = R RS R R S M T A AL, P A G 4Bk A bt
SRS B PR TR A B B 7 R T TR A S e B LS PR BURR TR AR A =L R
INBRTE BRI B T A2 BIGE T ICHE R R, 35853 EL RO AR DG GE T8 (0 FH Ay 2 L B i R B4 £, R Bt 1A B
X Z T 22 570 . SR TR AR SO AT T AR BCEUI AT B , A SOFARTRA S Bl 7 Jr A5 U2 i A4 285 A s
SIS IRR DY IR, R BER A ST L T RESE IR A 5 R B S R R

FEARMBTTE AT, —J7 1, FM 1Al A LA 25 R 1R 315305k i) SRk, 38 A SR AR, A 3
B | TR A A BE IR T FE S 5 AT, TRA ST T 7 SRS s i A 25 2 Y AR 53— i, i m 1A
38 18 3 3 A A2 TR 53 532 X 5 o s FR ) A 25 A2 B B AS R E 2 2 7 IR R T R 5L Al YA 5, 38
A EPERLEE

5 it

LLZR 2 B 3T R 2000—2010 437 FH T ARSI T 1.2x 10 hm* , 3815 R 19.4% , FEE 3R T 9 e i
i 44 BRI GO R AR K AR RS AR TR 1.26hm? , X IRATR54E
R T A R o

ANELY" e AR A 25 AR I IN 2 A AR 44 0 35 IR M DR S 3R TR s Ak A R TR 320 17%) 2 348 o s i 2

http ; //www.ecologica.cn



34 PSCEE AR BT R AR AR S R RS R 9

AR FIEINA T BE N 2 B A TESR4E 27 D E AR TR AL, I ZER SR KR A B
PRI AMER Y B E A I HRERENS A 508 i Ak A7 BE TR 75 38 K R 34 i 15 i, 5% o S0 DX ek ) P R K R
FR I R A AT 545 7 A ANERY R AU A SR R E TR E N R FERINATES
T E

£ 3L R ( References)

[ 1] Wackemnagel M, Rees W E, Testemale P. Our Ecological Footprint: Reducing Human Impact on the Earth. Gabriola Island: New Society
Publishers, 1996.
[ 2] Wackernagel M, Onisto L, Bello P, Linares A C, Falfan I S L., Garcia J M, Guerrero A IS, Guerrero M G S. National natural capital accounting
with the ecological footprint concept. Ecological Economics, 1999, 29(3) . 375-390.
[ 3] Rees W E. Ecological footprints and appropriated carrying capacity : what urban economics leaves out. Environment and Urbanization, 1992, 4(2) .
121-130.
[4] e, B&FE, IR, AR hEMARZ RS AT BEREE, 2001, 23(6) @ 20-23.
[5] ESCHE, e, We, SULm, M2, #58, SURFR. DA KPHEA: SRS R KRBT I a0 0T. HARBTIRZA4R, 2011, 26(9) :
1555-1565.
[ 6] MM, % St s T REeRH. dbat. Bzt 2000.
[ 7] Bai XM, Chen J, Shi P J. Landscape urbanization and economic growth in China: positive feedbacks and sustainability dilemmas. Environmental
Science & Technology, 2012, 46(1) ; 132-139.
] URBTR, BSEHE, DIRGER. MY DT BRI RS R AR, 2014, 33(3) : 619-624.
[ 9] BRMRZE, Vrofnlk, BN, BN ] RRE R RIFST. HIERATFT, 1999, 18(2) : 207-213.
1 XUREMS. VEVE A ST ARt SRR I FE AR B R A, RN - BRI ERAE, 2007, 17(6) : 50-53.
] Grimm N B, Faeth S H, Golubiewski N E, Redman C L, Wu J G, Bai X M, Briggs J M. Global change and the ecology of cities. Science, 2008,
319(5864) : 756-760.
[12]  JyGsk, SRR, Fobr. S R 528 SRR, Jbat. Bl d i, 2008.
[13] Wilson E H, Hurd J D, Civeo D L, Prisloe M P, Arnold C. Development of a geospatial model to quantify, describe and map urban growth.
Remote Sensing of Environment, 2003, 86(3) : 275-285.
[14] Berling-Wolff S, Wu J G. Modeling urban landscape dynamics: a case study in Phoenix, USA. Urban Ecosystems, 2004, 7(3) : 215-240.
[15] XuC, Liu M S, Zhang C, AnS Q, Yu W, Chen J M. The spatiotemporal dynamics of rapid urban growth in the Nanjing metropolitan region of
China. Landscape Fcology, 2007, 22(6) : 925-937.
[16] LiuXP, LiX, ChenYM, TanZZ, Li S Y, Ai B. A new landscape index for quantifying urban expansion using multi-temporal remotely sensed
data. Landscape Ecology, 2010, 25(5) : 671-682.
[17] XUEEA, skygmk, Tk, 75 XA BT o RS B R SRS SR 43 BT IR IR 5 9185 , 2014, 23(10) : 1375-1382.
(18] XW/IF, BE, Brifelg, FlE, 22038, PRI, S0y ki B e T g™ oA b i . HUBR2A41, 2009, 64(12) @ 1430- 1438.
[19] Kareiva P, Watts S, McDonald R, Boucher T. Domesticated nature: shaping landscapes and ecosystems for human welfare. Science, 2007, 316
(5833) . 1866-1869.
[20] Muiiz I, Galindo A. Urban form and the ecological footprint of commuting. The case of Barcelona. Ecological Economics, 2005, 55(4) : 499-514.
[21] Holden E. Ecological footprints and sustainable urban form. Journal of Housing and the Built Environment, 2004, 19(1) : 91-109.
[22] Creutzig F, Baiocchi G, Bierkandt R, Pichler P P, Seto K C. Global typology of urban energy use and potentials for an urbanization mitigation
wedge. Proceedings of the National Academy of Science of the United States of America, 2015, 112(20) : 6283-6288.
[23] OuJP, Liu X P, Li X, Chen Y M. Quantifying the relationship between urban forms and carbon emissions using panel data analysis. Landscape
Ecology, 2013, 28(10) . 1889-1907.
[24] X JEf FRERTT. WLAR B3 e mT e A ST bt Bb2 i ik, 2010.
[25] &30, TR D AT 520 R R MR IRAT—— LA AR 2 B i B . MR, 2000, 20(3) ; 274-278.
[26] Wf?lﬂ%, XNEH, BREDE. (DR BT AESREL 2. ARKFEIR, 2005, 14(5) : 49-54.
[27] Wik, EE, UL AR A DS T M i s 2 A Db R DC RS, 0T b3, 2014, 34(3) : 72-78.
[28] A AMREES S, PEBFEBEHIARE SPHEVIRIT, SRR P EREEBE S TR T B Eh W E s, PE AR R RS 2012;
P A S Hrs R R, et Lﬁlél%%é%’*(fﬁﬁi)jtﬁﬁ{ék 2012.
[29] WL, ED7, BB T Pus

sy

IR ). AbR KRR . AREFENR, 2006, 42(4) .

J\

http ; //www.ecologica.cn



10 ZSO O ¢ 37 &

527-533.

[30] WARAGHR. WARGIHEL 2011, Jbat: HESEH T MG, 2011,

[31] Chen]J, ChenJ, Liao A P, Cao X, Chen L. J, Chen X H, He C Y, Han G, Peng S, Lu M, Zhang W W, Tong X H, Mills J. Global land cover
mapping at 30 m resolution: a POK-based operational approach. ISPRS Journal of Photogrammetry and Remote Sensing, 2015, 103. 7-27.

[32] HEHBEADEEDSAE, HEFEIIHRWAOGEHE, daBHEgT A, i 2000 A ASEFOR. dbat. hES R, 2002.

[33] HHBEAOEENAE, HEGEIHA DA, hE 2010 4 A 0-EE R Jbat. PRSI, 2012.

[34] wmade, BRI, =4, Bilse, B, miatli KBy sk DRk (b SHLEE. shBRRTSE, 2014, 33(10) : 1892-1907.

[35] LiC, LiJ]X, WuJ G. Quantifying the speed, growth modes, and landscape pattern changes of urbanization: a hierarchical patch dynamics
approach. Landscape Ecology, 2013, 28(10) ; 1875-1888.

[36] Xk, Whmi, =AM, WE, K RS RE Ik LR R, A7 AkiE, 2006, 25(3) : 334-339.

[37] 2% AEAREEE KHN AT D], 20 220 K%, 2006.

[38] EiAHE, B4 MR, Rdid:. FET A R LS PR SR T2 R ROTAY. duat. s EUKFDK A A, 2011.

[39] Wackernagel M, Lewan L, Hansson C B. Evaluating the use of natural capital with the ecological footprint: applications in Sweden and subregions.
Ambio, 1999, 28(7) : 604-612.

[40] skala, fRePIR, PR, BRASE. HEPEHR 12 4 (X)) YRS L. B4R, 2001, 56(5) : 599-610.

[41] SBFEEL, Bhmok, BRI WA AT RDHE S0 —LU MR E]. HBEHFT, 2003, 22(5) : 654-662.

[42] Wang P, Wang X J. Spatiotemporal change of ecological footprint and sustainability analysis for Yangtze Delta Region. Journal of Geographical
Sciences, 2011, 21(5) : 859-868.

[43] 5k, BEMR VAN RS 5RE D SAST. A8, 2014, 34(4) : 1002-1009.

[44] XHKR, ZE3cfe, . JE TR0 A 7 0 9 v A 25 R 08 7 e IR NG A28 Aeak, 2010, 29(3) : 592-597.

[45] INAREWEEMLTAEG S/ NAIMVAZE. IR HTEDRE AL (2014-2020 48 ). 575 H3tILARHZE, 2014,

http ; //www.ecologica.cn



