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Evolution and driving factors of non-transferable ecological footprint in the

process of tourism urbanization

ZHEN Yi" , MA Xuefeng, LI Zhilong
Hunan Technology and Business University, Changsha 410205, China

Abstract: This paper uses nontransferable ecological footprint to reflect ecological pressure on the tourism urbanization
areas. It employs partial least squares to build the regression model between footprint and driving factors, and compares the
contribution of driving indexes to the change of nontransferable ecological footprint by constructing the driving coefficient
model. The paper studies the footprint evolution and driving law of tourism urbanization in different stages by the case of
Zhangjiajie. The results indicate that (1) the nontransferable ecological footprint and the per capita nontransferable
ecological footprint in the tourism urbanization areas generally show a smoothly growing dynamic change. The nontransferable
ecological footprint are, from large to small, the per capita disposable income of urban residents, the added value of
secondary industry, the urbanization rate, the added value of tertiary industry, the resource production efficiency, the urban
development land, the added value of primary industry, and the tourism population density. The internal structure of
industry affects the elasticity coefficient of the nontransferable ecological footprint of the industrial added value. (3) In the

initial stage of tourism urbanization, the nontransferable ecological footprint increases. The important driving factors are the
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added value of secondary industry, the density of tourism population, and the added value of the tertiary industry. In the
advanced stage of tourism urbanization, the nontransferable ecological footprint increases. The main driving factors are the
added value of tertiary industry, the added value of secondary industry, and the added value of primary industry. We put
forward the following suggestions. In the initial stage of the development of city and town tourism, we should rationally
promote the urbanization process, control the scale of tourism, improve the production efficiency of the secondary and
tertiary industries, change the structure of high energy consumption, and cultivate the ecological awareness of residents and
tourists. In the advanced stage of the development of city and town tourism, we should adjust the internal structure of the
primary industry and the tertiary industry, improve the efficiency of the secondary industry, cultivate technology-intensive
industries led by tourism, increase the proportion and quality of the tertiary industry, achieve a biological productive
footprint through trade export, effectively control the growth of non-transferable ecological footprint, and significantly

improve the development capacity of tourism urbanization areas.

Key Words: tourism urbanization; non-transferable ecological footprint; influencing factor
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Fig.1 Trends in per capita ecological footprint of forest land, grassland, waters, cultivated land and fossil energy sources
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Table 2 Per capita ecological footprint of six types of land in Zhangjiajie (2000—2017)

i H W BEIRIK ' Biological resource account T S 370 I P Y b P it
v . . SN
Year 4 Hh L Ik AR it Carbon footprint Construction land Total
Land woodland Grassland Waters Total account account
2000 1.4283 0.074 0.077 0.0529 1.6322 0.2765 0.0034 1.9121
2001 1.4142 0.0722 0.082 0.0541 1.6225 0.3202 0.0035 1.9462
2002 1.3839 0.0702 0.0842 0.0557 1.5939 0.3622 0.0035 1.9596
2003 1.3757 0.0679 0.0863 0.0571 1.587 0.4061 0.0036 1.9967
2004 1.3631 0.0645 0.0887 0.0595 1.5758 0.4418 0.0036 2.0212
2005 1.3301 0.0615 0.0869 0.0621 1.5406 0.4628 0.0034 2.0068
2006 1.3251 0.0588 0.0883 0.0645 1.5367 0.5087 0.0037 2.0491
2007 1.3021 0.0564 0.0874 0.0668 1.5127 0.5506 0.0038 2.0671
2008 1.2169 0.0577 0.0775 0.0647 1.4168 0.5818 0.0038 2.0024
2009 1.2473 0.0471 0.0815 0.0634 1.4393 0.6183 0.004 2.0616
2010 1.2516 0.0468 0.0855 0.067 1.4509 0.6576 0.004 2.1125
2011 1.1804 0.0447 0.0776 0.0654 1.3681 0.6572 0.004 2.0293
2012 1.1877 0.0419 0.0787 0.0832 1.3915 0.6666 0.004 2.0621
2013 1.1942 0.0524 0.0804 0.0885 1.4155 0.686 0.0042 2.1057
2014 1.1963 0.0478 0.0799 0.0949 1.4189 0.7061 0.0042 2.1292
2015 1.1303 0.04 0.0811 0.0996 1.3509 0.7514 0.0042 2.1065
2016 1.0632 0.0275 0.08 0.0974 1.2682 0.78 0.0042 2.0524
2017 1.1452 0.0493 0.0734 0.0745 1.3424 0.7634 0.0042 2.1099
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Fig.2 Ecological surplus of Zhangjiajie forest land from 2000 to 2017, dynamic changes of grassland, water area and cultivated land
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Fig.3 Trends in ecological footprint, ecological deficit, per capita ecological footprint, ecological deficit and bio—ecological footprint
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Fig.4 Dynamic changes of the ecological footprint diversity index and development capability index of Zhangjiajie
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Table 3 Correlation coefficient matrix between independent variables

; - . IR . .
UL A ALRE R Sl O h S
R e RMimAR  BhfE it A A e
IR AR
. - 1.000
Resource production efficiency
ﬁﬁm"}}\l—l&.f; . . -0.178 1.000
Tourism population density
)\Di’ﬁ%ﬁ’ﬂﬁ%: - -0.398 -0.173 1.000
Population urbanization rate
o -
iﬁﬁﬁﬁ%uﬁﬁﬂﬁm" -0.841 0.483 0.150 1.000
Urban construction land area
e .
S — Al s P
Added value of the primary industry 0.348 0.340 0.332 0.511 1000
ke A 4
jﬁktﬁ%&j\ ﬁmxﬁﬂqﬁA . . 0.317 -0.158 -0.746 -0.368 0.469 1.000
Per capita disposable income of urban residents
e — .
Sl s
Added value of the secondary industry 0.529 0.263 0.488 0.098 0.217 0.161 1.000
s = [l B
=l -0.818 0.253 0.468 0.876 -0.671 -0.641 0.237 1.000

Tertiary industry added value
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AR, HA O IE [ 9K 3
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Table 4 Variable projection importance indicators

VRIS mr AR RS GERE ORBER Bk A
B A B s EPmE UEeR A Wi 145 2
AR-EL LR i )
X%T&Eyﬁ.f f-i . 1.033 1.030 1.028 1.011 1.009 0.994 0.950 0.939
Variable projection importance
AHIEZ KL Correlation coefficient 0.843 0.803 0.841 0.785 0.795 0.817 0.746 0.721
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Tt/ N T M N
Inef=23.3138+0.1114In (urt)+0.1030ln(piav) +0.1117In(siav) +0.1120In(dir) +0.1018In(tpd ) +0.1096In (tiav) +

0.10931n(rpe) +0.1078In (ucl) (8)
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Fig.6 Dynamic trends of various factors
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Table 5 Per capita non-transferable ecological footprint, annual average growth rate of driving factors
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F B AT KR
(4) F BRI RS A 25 R i 3K Bl 45 4L
= o L5 R 2048 B o o s E T B R R RO
PRSI LS B T RS e oA loui
JE IR B AR FLAE IR BhFE B /N R R 2R 8 B = O g
ARSI RKR RN g R B FRYE , MmN R4 25 CHBUIRER 0 BREETECK

2RI IR SR 7, I 7 T LU R A
WG B, TR A 265 2 S 3 1, TR 3 7 DK B/ Mk
VRS M I WA DB 5 = s
VEURE PR SRR B AT S AL ik
TR P TR AL 55— 7l (0 ; M LA 5 v B _% {
R AT RS 25 SR, B ) MK B MR YR 5 = R <l
SR 55 el P I B — P R Y U VI B T Bt

IR ZhH5 %K Driving index

//////////////////é

Primary stage Advanced stage
PR SRR R T I el T v :
UL T G P R e IR 2 B 4 CRER L LRSS S

Fig.7 Contribution ratio of each influencing index

BRI R =Rl AR 2 R R ) e K
By IR = I I E A — b3 e, EA
TR AR A B G B, Rl 7l o 2 St s 1 SR — B Tl ) 7 H A R R AL B A R
N T R KSR Rl A A T O R EMER U S = P My EL 50 b e B — b = e

3 Fit5EW

(1) ARBFFEHE TR FR IR TR RS 25 R L XS N BLE O P2 25 A
BB 5 LS, AU SO0 I WA S BP ML X P /R 32 605 A0, R PR PR S P | 27
PRI PR B A BRI P 27 P P B B LS P . R b — T
A P2 0 R D PR SRR, 6 0 28 L R T Bk T
FEBS L 25 AL AL I TR

(2) RATGERE 45 RSB0 B 585 1 7% R SR BUFCME X 1 25 FE 308 A K/ 75 J 3 B LD R 2 (8 U
A S, T 5 0 K B2 e BB R R SR L e 56 = 7l R 280 o ) L T
B LT ot TR P SIS 75305 AR 5 2 25 305 L 04 411735 25 1720
o AR P BRI T | VRV P SO 8 5 2 T 2 0 S 257 R R T 7l 48
IS 4517 B AR R . XM CBEIE AR 85, /R REIMRIS TR RS S R B K, VDA H1 22
SR IR A 25 3, (LD 1 A 0 7 265 308 LS 57 5 S5 905 R X R 32 AT 0
D R AR T 578 2 5 A3

(3) WP BT LRt A3 20 26 K T 0 R TF 2 VR0 MR RS SR AL B X
ARTTHERS N A5 ST LR AR BRE O/ R AT 2 25 SR F K /1A 3 hy
RIS RO 55PN SRR 5 = A R AR R, 50—l
SEIEL U A EE T 5 = P M R T 65 30 B B0 =7 i, (LR 0 =

http ; //www.ecologica.cn



21 4 B A RS AT RS A 2 R O T S KB R R 7919

7l TR R AN B T U ) e T B PN 5 G AR Bl 4 F AN B ORI T 105 " AR A R
T TR,

(4) PR U™ 1 A T | 5K S BRI A4 S JR AN [ I B R B S A [R] 40 < 0 8 9 B, ik U 7™
IR WUIX A 2 FF A3, X —Bir Be N FURB AR AR 28 H 3 AN ] % B A 285 il e 2 A9 UK PR 3R 5 —
PV SEANAE RN R B BRI e B, Rl R R R B 3T R 5 1 sl 1] 3l T AR R
ol s DXCHEE fif, 3 — 9 B SRR AR R I 2 5 AN ] 2R R A 285 1 8 e B ) K8l PR B B = L e L 2
b= REIE S — = RN AE AT AR, B ASREEAL BB B, BERE LSS AL AL A R R
R EIRA IR , A2 2 R A B TS 2 E AR TR

(5) IR NI O] B R A 285 L IR 4 o W it 6 Wi U S LA ) i R T ¥ /I | (B AR 2800 7 R R 0 IO T
555 B A SR I T a1 s BEARUAN AR E BRIl 7 SO A R BE T B B R . X TR i A 1 b
DR, TR 7 S BE A JRE AR A0 0 B B, 2 B E S B AL e, PR AR WP MLAE B vog 28—l 28 =)™l A 7 3
AR, U R REFELE A, B R R R ORI A A R AR IR R B 0 e G B B, P M B TR AR — "l
TSR = b AR ES R, 15 7 LR 5 | 5 A R A e BOR B R B A 3 s =7l L E R i, 3 ied 50 5 S B
A A 7 A IR T AN T B R A 2 S BB T A it X 1 e i 0 SR A X K SRR T T

2% 3Lk ( References) :

[ 1] R GRIFRMTL . 2@ —5opk. hAeg s, 2013-05-07(011).
[ 2] Rees W, Wackernagel M. Urban ecological footprints: why cities cannot be sustainable—and why they are a key to sustainability. Environmental
Impact Assessment Review, 1996, 16(4/6) . 223-248.
[ 3] Wackernagel M, Rees W E. Perceptual and Structural barriers to investing in natural capital: economics from an ecological footprint perspective.
Ecological Economics, 1997, 20(1) ; 3-24.
] R RRES S hER R A R AR S R . JEaT . R ARG 2, 2016.
[5] B, A, 8. PE 2000—2010 FA BB RFHE XSEmFE 2. BEiR4, 2016, 37(2) : 420-426.
] IR, 2R AR A 2 R 1 S A AR AL KSR IR R A —— LA e o). RV 534, 2016, 25(2) : 300-306.
] Al-Mulali U, Ozturk I. The effect of energy consumption, urbanization, trade openness, industrial output, and the political stability on the
environmental degradation in the MENA (Middle East and North African) region. Energy, 2015, 84. 382-389.
[ 8] Bifdr, XVFE2, @i, G0, Wi, T, sRa0F, 2280, XUGENS. JURtTRE IR 2 i 3852 (K 28 73— T STIRPAT A5 44 1 ffi
AN FRAHL. T ERBERL, 2014, 34(6) : 1622-1632.
[ 9] Fho, fe iR, R, BRIASC, 30 A SCIRIZ XS4 BB 75 YL i 1) 25 [ 5 S pEA 1. 2252440, 2017, 37(8) : 2588-2599.
[10] M, KWk, W0, N0, EOBBAMA N AR5 4 35 R I 28 22 55 K HAR G OC RBTTE—— AU 4 g . T g 4 9 3
5388, 2018, 27(2) . 306-317.
[11] A3, . T EE Y AR S RIS R —E T R G031 AR R R ELA . IR TR, 2017, 3(6) : 22-33.
[12] &R, fRate, $I5555, B8, A 35 5l 5 2 PR A58 B OC R M AL S 22 PR UK S ML —— LUBr i A 7. M PE5 sh BEAE BB, 2012, 28
(5): 70-74.
] AER, AT, KB, RE T STIRPAT RO [ 5 T 7 A= 25 RIS A A 3 5. AR Tk, 2016, 32(1) : 89-93.
] OXIHERE, REKE, PR, RE, B, BEZ. AT AR 2SR 2 SOCH A G R, AES#EIR, 2018, 38(24) : 8888-8900.
[15] SHEAfE Dhedn ) R, EhaH. 775 A A5 Rl 52 ma R 1 dnd e/ —3fe [l 1 43 By, A= 382% 41k, 2014, 34(3) : 682-689.
]

Danish, Ulucak R, Khan S U D. Determinants of the ecological footprint; Role of renewable energy, natural resources, and urbanization.

Sustainable Cities and Society, 2020, 54 101996.

[17] Nathaniel S, Nwodo O, Adediran A, Sharma G, Shah M, Adeleye N. Ecological footprint, urbanization, and energy consumption in South Africa:
including the excluded. Environmental Science and Pollution Research, 2019, 26(26) : 27168-27179.

[18] Marrero M, Puerto M, Rivero-Camacho C, Freire-Guerrero A, Solis-Guzmén J. Assessing the economic impact and ecological footprint of
construction and demolition waste during the urbanization of rural land. Resources, Conservation and Recycling, 2017, 117 160-174.

[19]  REEFE, X, B RS 0 23 O, Ak 2 2 5 R R WF Y ——Jk T 23 [ AL B i A STIRPAT BER. 28 5F MR R, 2017,
(3): 162-169.

http ; //www.ecologica.cn



7920 JAE = 40 4

[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

Bl h EEA BERE AR S R IR B A5 SR RS [ D] R, ZEIWAE R, 2015.

BN, JraIsk. i b 5 A S HEEE B AHLE SAAE . HUBERESY, 2003, 22(2) : 211-220.

R RRESCAR. AEAS R ISR 7 X I Ui T R R R PEAN k. AEZS 2R, 2008, 28(11) : 5401-5409.

B, BT AR R ) B AT RS R RPN I ——LAILIRAE N R HI [ D] Mt iRl R4, 2012, 5-16.

AEPEE, MESAAR, 2R, AR R I PR TE BT R 2 & RN i i L S itk b 3RSk g | 2003, 22(6) : 618-626.

Waggoner P E, Ausubel J H. A framework for sustainability science : a renovated IPAT identity. Proceedings of the National Academy of Sciences of

the United States of America, 2002, 99(12) . 7860-7865.

York R, Rosa E A, Dietz T. STIRPAT, IPAT and Impact; analytic tools for unpacking the driving forces of environmental impacts. Ecological
Economics, 2003, 46(3) ; 351-365.

IR, X FAR. BT =B F A K SR AR ISR AT A mien 1y 00 B R MBI HbERR2: ) 2018, 38(8) : 1346-1356.

EHTRE, 0 AR, WEURIE. LR R IR R (Y B 7S 43 S AR 2SRRI AY. s 3RLAE ) 2017, 37(7) : 1087-1094.

INETE, Wi, SRV, RRZE. T AN TR Ak B B BRCHE B R 25 . HFERLAE ) 2013, 33(3) : 266-272.

g, R A E AR A AR TR TN RS HARBLERR, 2008, 7(1) : 76-80.

XIFER, 223008 e, ST A T i b A TS R R R NG AR A AR 2010, 29(3) ; 592-597.

XIBEIR, 22300, ST A T 0 o B A AR S IR I IR I AR S SRR IR R, 2010, 26(5) : 401-406.

R R, skakeR, FREERR, MRS TE 1999 4EAS Bl 5 R R Sy 40T, AR, 2003, 14(2) : 280-285.

JBRAE S, ARG, SR GBI E T 2B s 1] i 23 i R Ak S LRI ST. IRRLE:, 2016, 36(12) : 1894-1902.

Bk, Gutst. KRG FIRTT IR R D RCRRIE S R, RIEA T, 2015, 30(2) : 24-32.

Iy

&
=t

http ; //www.ecologica.cn



