5538 B 13 W) S &~ £ Eild Vol.38,No.13
2018 4F 7 A ACTA ECOLOGICA SINICA Jul.,2018

DOI: 10.5846/stxb201706221136
SR, FNA T NSRS I I AR AR IR SN I B B i A A S A A2 R, 2018,38(13) ¢

Zhang Z X, Sun C Z.Driving effect measurements and spatial-temporal variation of the per capita gray water ecological footprint in China.Acta Ecologica
Sinica,2018,38(13): -

B E NBKESET T HIRB R E R =507

KA I &
1L FIRTE R SR BE 2 Be , K% 116029
2 LTS KA AT S TR s R AT oy, KiE 116029

2

LG IR L K AR 25 30 )5 AR ZE 4, is P R B9 Kaya $H 2% 3 F0 LMDI 8 5053 5 k%5 v 8 4548 T B A2 7K 2k
A R TR DR B R 28 AT I B A, 6575 SR T S A RN 57 0 1 R 2 SRR BRI AN, BE A TRAGAKON , B AR NT , 2 iT
RN, IS RORAN 5 NN X A KK A A RS S, 25 B ISODATA SRR 420 0 #4723 (B 2R 2, AT 43 A
BN ZS [EVRRAE . 255 S - i R K A 25 R 970 77 H 728 A2 330 v PR 28 )/ PR ) 205 5, B AR TR 200 T R 428 5 4 A58
ELA B R ASON R TR B O AU | 78 58 3 A5 98 AR A0 A 550 7 2 ik e A0 7 R A, 5 A 45 DK I8N ) A R 555 ) L AR AL
A5 I JEL 0 5 5 AKONE ( RRAE BN B R . R0 R SR B T R 25t (AT K R0 A Wt 12 2 Y 0 56 3 A0 L 9 e A g 11 = 2
TR T Tlk A i B 265 1) B A S35 AR AU A A R W AR R B W R B JR IR, RS v [ JROK A A A A 5 AR B 3 2 B A G R it
T3 TR, X R BURE (1 PR 8 B oK B IR nT R F IR R B — 2 S H i,

KHER  IOKA S B AL s Kaya THEFF; LMD BIRY,; BEAR R R

Driving effect measurements and spatial-temporal variation of the per capita gray

water ecological footprint in China

ZHANG Zhixiongl, SUN Caizhi"**

1 College of Urban and Environment, Liaoning Normal University, Dalian 116029 , China
2 Center for Studies of Marine Economy and Sustainable Development, Liaoning Normal University, Dalian 116029, China

Abstract ; In this study, the authors apply water ecological footprint measurement methods to the field of gray water footprint
research and provide a method for calculating gray water ecological footprints. Based on the extended Kaya identity and the
Logarithmic Mean Divisia Index ( LMDI) technique decomposition methods, we calculated the gray water ecological
footprint of 31 provinces and the per capita gray water ecological footprint in China from 2000 to 2014. We then measured
and decomposed the values of the driving effects of per capita gray water ecological footprint change. From these results, we
selected five of the more important economic and environmental factors to apply as capital factors to gray water research. This
method included measurements of the effects of the working population, capital stocks, capital output coefficients, water
ecological footprint intensity, and gray water ecological footprint emission coefficients. The five driving effects were economic
activity, capital deepening, capital efficiency, footprint intensity, and environmental efficiency. The values of the driving
effects on changes during the time period are discussed and analyzed based on the Iterative Self-Organizing Data Analysis
Techniques Algorithm (ISODATA) clustering model for spatial clustering of the effects. The results showed that the Chinese
per capita gray water ecological footprint output changed because of the interaction of these five factors. Among them, the

incremental capital deepening effect was obvious, as a large amount of capital has been invested to promote rapid
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development of the regional economy and to employ a rapidly growing population. Economic activity can also promote the
characteristics and the size of regional economies as population growth will increase regional demands for water. The other
capital deepening effect is a decline in the output efficiency of capital. With the rapid development of its economy, China is
in a period of industrialization and urbanization. The economic structure has gradually changed from a population-intensive
to a capital-intensive structure. Industry, especially heavy industry, had a higher initial investment and a lower output
efficiency, which is why the effect of capital efficiency continues to decrease. The most obvious effect on footprint intensity
was the effect of per capita gray water ecological footprint reduction. With the improvement of economic activity and
advances in science and technology, the water ecological footprint intensity has been greatly reduced. As a result of the
effective control of pollutant emissions, the per capita gray water ecological footprint in most provinces and cities has shown
a decreasing trend. A reduction in environmental efficiency is an inevitable consequence of a decrease in the water ecological
footprint intensity. With a decrease in water ecological footprint intensity, more water is reused and we can improve water
efficiency in most provinces to reduce the gray water ecological footprint. This study discusses the relationship between gray
water ecological changes and capital factors; the reported results have value as a reference for the adjustment of

environmental policies and the sustainable utilization of water resources.
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Fig.2 The map of gray water ecological footprint in China
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Table 1 Effect decomposition of China per gray water ecological footprint

ALY PRESCRA

0 GORIRIERGT AR YARRCRA . . R
Year Economic activity Capital deepening Capital efficiency Footprint Environmental Total
intensity efficiency
2000—2001 ~0.0001 0.0118 ~0.0016 ~0.0116 ~0.0004 ~0.0018
2001—2002 0.0005 0.0120 ~0.0025 ~0.0079 ~0.0043 ~0.0020
2002—2003 0.0008 0.0134 ~0.0009 ~0.0158 0.0050 0.0025
2003—2004 0.0018 0.0145 0.0019 ~0.0134 ~0.0035 0.0013
2004—2005 0.0014 0.0138 0.0005 ~0.0104 ~0.0006 0.0047
2005—2006 0.0015 0.0162 0.0011 ~0.0154 ~0.0035 ~0.0002
2006—2007 0.0016 0.0165 0.0049 ~0.0238 ~0.0143 ~0.0152
2007—2008 0.0011 0.0176 ~0.0016 ~0.0143 ~0.0046 ~0.0018
2008—2009 ~0.0005 0.0172 ~0.0091 ~0.0056 ~0.0028 ~0.0009
2009—2010 0.0009 0.0176 ~0.0025 ~0.0139 ~0.0038 ~0.0017
2010—2011 0.0025 0.0162 ~0.003 ~0.0121 ~0.0028 0.0010
2011—2012 ~0.0020 0.0189 ~0.0070 ~0.0094 ~0.0025 ~0.0020
2012—2013 0.0003 0.0151 ~0.0070 ~0.0037 ~0.0055 ~0.0009
2013—2014 ~0.0009 0.0147 ~0.0063 ~0.0136 0.0047 ~0.0013
E%fzzi{imge 0.0006 0.0154 ~0.0024 ~0.0122 ~0.0028
ﬁgi{fnﬁr © deviation 0.0012 0.0021 0.0039 0.0049 0.0046
RS2 52 B 1.8713 0.1395 ~1.6580 ~0.4035 ~1.6568

Effectcoefficient of variation
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Table 2 Effect decomposition of pergray water ecological footprint all provinces in China

JEIBSRIERON  BREEBCRALNE

HIX BRI WARMSCR  WARCRRUN ) . 5SS YeIA
. . .. . . . .. Footprint Environmental
Region Economic activity Capital deepening Capital efficiency . . .. Total
intensity efficiency

dent 0.0011 0.0040 0.0020 -0.0080 -0.0032 -0.0041
Kt -0.0003 0.0116 0.0001 -0.0114 -0.0043 -0.0043
WL 0.0004 0.0125 -0.0010 -0.0101 -0.0052 -0.0034
i) 0.0006 0.0120 -0.0013 -0.0111 -0.0021 -0.0019
S 0.0014 0.0406 -0.0103 -0.0252 -0.0033 0.0032
LT 0.0006 0.0203 -0.0054 -0.0127 -0.0043 -0.0015
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i GUEIAE  VOAWILICE vy LR SRR e
Region Fconomic activity Capital deepening Capital efficiency Footprint Environmental Total

intensity efficiency
K 0.0010 0.0305 -0.0084 -0.0184 -0.0091 -0.0044
AN 0.0015 0.0176 -0.0047 -0.0125 -0.0025 -0.0006
Ly -0.0010 0.0070 0.0013 -0.009 -0.0037 -0.0054
IIDIN -0.0001 0.0112 -0.0005 -0.0086 -0.0019 0.0001
Wi 0.0009 0.0085 -0.0004 -0.0101 -0.0006 -0.0017
L 0.0008 0.0108 -0.0014 -0.0089 -0.0022 -0.0009
bicyz: 0.0014 0.0099 -0.0013 -0.0090 -0.0003 0.0007
AN 0.0006 0.0158 -0.0021 -0.0122 -0.0016 0.0005
7R 0.0004 0.0142 -0.0018 -0.0111 -0.0051 -0.0034
TR 0.0008 0.0179 -0.0039 -0.0128 -0.0037 -0.0017
il 0.0000 0.0146 -0.0014 -0.0130 -0.0007 -0.0005
Wirg 0.0009 0.0197 -0.0033 -0.0164 -0.0010 -0.0001
"R 0.0012 0.0093 0.0001 -0.0102 -0.0014 -0.0010
i 0.0019 0.0285 -0.0054 -0.0211 -0.0090 -0.0051
ji35] 0.0016 0.0171 -0.0023 -0.0136 -0.0046 -0.0018
GV -0.0003 0.0144 -0.0006 -0.0127 -0.0009 -0.0001
)i 0.0006 0.0190 -0.0015 -0.0189 0.0000 -0.0008
M 0.0012 0.0166 0.0003 -0.0178 -0.0002 0.0001
=M 0.0009 0.0179 -0.0032 -0.0150 -0.0001 0.0005
[ 0.0114 0.1671 -0.0615 -0.1219 -0.0024 -0.0073
it} 0.0005 0.0131 -0.0002 -0.0104 -0.0038 -0.0008
Hf -0.0003 0.0189 -0.0033 -0.0144 0.0017 0.0026
T -0.0015 0.0682 -0.0105 -0.0639 0.0108 0.0031
THE 0.0002 0.0307 -0.0035 -0.0188 -0.0127 -0.0041
i 0.0012 0.0203 -0.0018 -0.0138 -0.0059 0.0001
4= National total 0.0006 0.0154 -0.0024 -0.0122 -0.0028 -0.0014

®3 HEAHRAESEDTHELHIRMMBER (hm>/N)

Table 3 The cluster result of per gray water ecological footprint output driving effect in China

A Year WO IKE) High drive B IR S Medium drive RN 559K Weak drive

2000—2001 0.0019/0.0924/0.0406/~0.1333/~0.0162 -0.0006/0.0316/~0.0069/~0.0130/-0.0069  -0.0028/0.0111/~-0.0028/~0.0090/~0.0003
2001—2002 0.0012/0.0747/0.0321/~0.0983/-0.0337 0.0011/0.0307/~0.0084/-0.0127/-0.0055 0.0022/0.0107/-0.0030/-0.0066/-0.0008
2002—2003 0.0007/0.1681/~0.0668/-0.1437/0.0069 0.0008/0.0361/~0.0053/~0.0054/0.0097 0.0007/0.0117/0.0004/~0.0156/~0.0068
2003—2004 0.0049/0.2093/-0.1155/-0.1112/-0.0072 0.0012/0.0352/0.0005/-0.0437/-0.0014 0.0015/0.0122/0.0038/~0.0149/0.0076
2004—2005 0.0068/0.2783/~0.1604/0.0242/0.0212 0.0021/0.0307/0.0078/~0.0254/-0.0124 -0.0020/0.0125/0.0060/~0.0147/0.0016
2005—2006 0.0026/0.2307/-0.1224/-0.2447/-0.0041 0.0014/0.0373/-0.0016/-0.0285/0.0021 0.0009/0.01444/0.0001/-0.0114/-0.0019
2006—2007 0.0060/0.1694/-0.0803/-0.1514/-0.0157 0.0014/0.0406/0.0016/~0.0418/-0.0178 0.0018/0.0145/0.0020/~0.0173/~0.0084
2007—2008 0.0027/0.1863/-0.0840/7-0.0346/-0.0176  0.0003/0.0459/-0.0029/-0.0306/-0.0104 0.0010/0.0157/-0.0000/-0.0138/-0.0033
2008—2009 0.0035/0.1346/-0.0665/-0.2045/~0.0051 0.0012/0.0422/-0.0160/-0.0310/0.0036 -0.0110/0.0170/-0.0045/-0.0067/0.0009
2009—2010 0.0034/0.1461/-0.0532-0.1177/-0.0122 -0.0002/0.0540/~0.0058/~0.0325/-0.0059  -0.0003/0.0154/0.0004/-0.0152/~0.0012
2010—2011 0.0058/0.1734/-0.0714/-0.1312/~0.0249 0.0028/0.0429/-0.0059/-0.0346/-0.0073 0.0075/0.0145/-0.0005/-0.0124/0.0038
2011—2012 -0.0050/0.1630/~0.0169/-0.1431/-0.0024  -0.0021/0.0482/-0.0181/-0.0232/-0.0036  -0.0051/0.0184/~-0.0063/-0.0081/~-0.0017
2012—2013 0.0000/0.1436/-0.0389/-0.1052/~0.0231 0.0003/0.0404/-0.0219/-0.0080/~0.0029 0.0008/0.0150/~0.0069/-0.0060,/0.0026
2013—2014 -0.0028/0.1698/~0.0567/~0.1126/-0.0095  -0.0009/0.0401/~-0.0212/~-0.0379/0.0060 -0.0019/0.0151/-0.0066/-0.0102/0.0121
T3 Average -0.0083/-0.1219/-0.0615/0.1671/0.0023 0.0006/0.0397/-0.0075/-0.0272/~0.0038 -0.0005/0.0142/-0.0012/-0.0116/0.0003

T BRI T GBI LN, BEATRACARL , BEAKCR R, 1L i FE A0 , BRI RIS
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Fig.4 Driving effects cluster map of pergray water ecological footprint output in China
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