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Abstract: At present, there is an urgent need for solutions to enable an improvement in water resource use efficiency and
water environment quality in China. Therefore, this study conducted detailed measurement of the per capita grey water
footprint in 31 provinces of China ( excluding Hong Kong, Macao, and Taiwan) from 2000 to 2014. This study explores the
regional inequality and driving factors of the per capita grey water footprint to determine the influence of production and
traditional factors on the inequality in per capita water resources and environment. The inequality analysis was performed
using a factorial decomposition of the second Theil index of inequality. In particular, based on Kaya factors, we decomposed
the per capita grey water footprint into the following five factors: environmental efficiency, technical efficiency, capital
output, capital deepening, and economic activity. We found that the overall inequality of the per capita grey water footprint
showed a slow fluctuation in recent years. The within-group inequality component was the main contributor to the overall
inequality during the entire period, since its proportion of the total in 2014 was 59%. A slight decrease was noted in the
within-group inequality in each region. In the three regions considered in this study, the within-group inequality was the
largest in the western region, with the index reaching 0.0727 in 2014. The between-group inequality index of the total

inequality increased annually, from 0.0067 in 2000 to 0.0449 in 2014, corresponding to an increase of 570%. In the aspect
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of single factors, capital deepening and technical efficiency are the dominant factors in the total and within-group inequality
of the per capita grey water footprint of the central and eastern regions, respectively. Economic activity was the weakest
driver of all inequality components. In addition to the economic activity, the other factors were vital for driving the within-
group inequality of the per capita grey water footprint in the western region, among which technical efficiency was the
strongest driver; the relative weight of this factor was 63.61%. The interaction component results showed that the
contribution value of the interaction component between the capital output effect and the grey water footprint per unit GDP
was the largest for the western region within-group inequality, and that between the capital deepening effect and the grey
water footprint per unit of capital stock was greater in the other regions. In terms of the interaction component between the
technical and environmental efficiency effects, the improvement in technical efficiency can lead to a decrease in the
proportion of grey water footprint in the eastern and western regions and an increase in the proportion of grey water footprint
in the central region. The contribution of the interaction component between economic activity and the per capita grey water

footprint of the employment population was minimal.

Key Words:; per capita grey water footprint; regional inequality; Theil index; Kaya identity; driving factors
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T7% . 2005 4FLLSK , BRI AG B Se I P T R A 3, STlk R I 4R SR MR T I (B4 o A ET K
JK R R S B TR A BT AR T B FH R 00 e ] UGS K PRI A A 7 A LR A, ] A K M X
55 R R 4 DX 77 Ml e J it A ek i AR S e Bl RS 57 30 4 SR B Ml s DX TR 22 AR K, X
KI5 Y IE SRR EA T H RN, R PRI AR 0 1 DT R R /), ELRTH 18 OB IR/, TTRRR A R B
JE BRI S K 15 AR IR IE 205% , STHR AR EEZ I 1 299% , i IX 18] HIZK 303 22 BE R R s A2 oK
FEIBZESERETY ARG i) AL T A i R B AF RN 8 P4 2 N S MR 22 St ) e /D TR IR 3,
Bdre/ N o A4 N H B /IR 0P N RO DR 7l DR AT B8 T, 28 D0 B8 14 2 o X 4% L 7K BRI 0 B0
SR 22 )N

F1 FE3NANET(ARK) AHKKRE (m*/N)
Table 1 The per capita grey water footprint in China

Hi1[X. Region 2000 4 2002 4F 2004 4F 2006 4F 2008 4F 2010 4F 2012 4F 2014 4F YI{H Mean
;iiff 'rzegion 342.21 334.31 327.46 322.47 268.31 236.96 227.11 215.84 284.96
dbmt 242.69 209.69 170.87 122.22 92.79 59.36 45.75 43.47 122.31
K 363.14 249.37 324.51 315.20 238.14 214.78 206.11 144.15 252.56
mk 427.03 412.55 433.56 452.52 338.41 302.13 296.69 256.56 363.48
LT 407.59 378.60 374.23 436.37 403.82 400.07 386.56 326.81 392.63
i 286.63 297.83 204.98 194.52 157.45 79.37 46.36 62.05 169.77
LI 272.46 294.50 301.95 308.29 275.59 253.98 235.86 225.03 274.49
Wil 276.60 255.56 240.64 227.78 198.69 161.95 151.02 159.89 206.65
Bicye: 270.42 244.28 265.41 270.89 242.42 236.59 244.29 254.33 253.73
7R 438.41 416.17 397.61 367.28 291.39 264.76 257.93 236.18 333.77
IR 280.93 305.96 277.38 256.81 218.74 182.21 176.40 197.53 238.41
fiEAEd] 458.57 409.11 473.55 476.47 405.55 396.80 396.55 382.62 419.62
(tf{ija 'igion 397.95 385.47 406.38 434.07 382.72 377.30 367.13 357.95 388.12
i) 290.39 284.00 312.06 317.31 251.19 225.17 212.53 186.56 261.29
e 475.65 462.99 606.52 713.60 704.06 688.43 667.34 672.69 623.70
HR 603.79 542.44 621.74 638.73 544.52 534.79 521.39 470.50 559.17
BT 442.88 434.15 453.89 460.68 448.64 455.64 453.24 434.95 447.37
L 337.99 319.38 292.31 287.89 251.20 256.51 255.99 269.52 281.51
LT 332.35 321.54 344.27 345.89 302.90 303.91 297.65 320.74 321.64
| 434.84 417.51 423.36 466.27 381.88 375.44 359.31 348.56 398.49
Wt 376.97 368.84 368.06 394.01 370.21 377.11 369.45 372.18 375.62
i3] 375.96 388.69 427.51 476.07 416.54 393.66 381.44 349.75 402.85
gjﬁi’igmn 462.06 435.56 450.77 494.64 433.32 444.26 436.18 488.30 451.10
] 656.28 538.54 566.72 637.02 512.74 531.83 509.75 403.48 535.95
EN 282.34 271.52 285.84 315.65 276.83 287.58 284.97 299.58 288.21
uipll| 437.66 420.26 415.56 449.01 406.84 415.90 402.74 395.58 418.25
Fe 382.56 356.96 378.03 418.48 328.45 359.55 336.15 365.47 360.21
Pyt 436.22 417.74 426.58 436.26 407.19 416.77 419.96 480.87 428.02
i 2617.5 2606.71 2714.84 2801.05 2713.87 2540.26 2440.04 2359.03 2602.86
(5] 328.7 323.01 347.26 358.3 297.41 294.42 292.74 294.01 316.13
HH 306.16 324.52 340.73 386.84 369.63 383.48 375.6 432.36 368.35
i 1037.19 1060.57 1000.31 1097.91 1181.98 1197.19 1112.92 1156.94 1116.41
THE 763.55 563.81 466.42 698.07 623.06 580.63 552.48 574.07 613.27
et 527.47 562.77 650.47 709.27 567.47 568.95 619.84 636.39 600.45
4>[H National averages 393.09 379.6 388.26 405.68 350.19 336.26 326.5 319.44 362.04

PAb AR v [ At QR T R 5 15 e DX e s MR T O T 5%, 3 b BN B4R i B 2R
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FIZE 2 AT A AR EAR N R DT T, EAS DR 15 B2 B A A7 I K R 3B AR B P X 2 [ N33 ok 2
W2 5 B ST PR 208 77% o H AR R T, SEAR TRAG AR BE AR A M IX | B BEAR A4 7 A ROK AR T8 A
BZ ., 5—Ir R, e 2855 505 X GEASBEA Al i/ B ORI 28 57 o BEAS 7 H 2800 5
{2 GDP BRI AH LA X 2 e 2 S ) Sk S 25 4 0, EL b IE (LA A8 0 M SRR LB AR P E AR A1
OUT , — 4 DXHEAS)™ AR BB , AL GDP K R B S B A X ey, DRI, 7 e R TRt IX B A2k
AT 2 AR IOK L BB PESR T, AEIE 1 R R A 500 BEROW - S Rl S PO R AT HAR
T A B8 IR K L 8 ) 2 S ) SRR R A A/ NIRRT o DER 22 B3 B e it DX, SRSl A 17 A B B IK
R Z AR BOAR FEWE/D o BOARBECR AN 5 PR AR AR A P x4 [ 22 5 B G 1) STk R s B
W 7%, T HOms AT 5 5, AR BAAL GDP /K R IR I L IX. , BRI /K AR T8 Bl o PR, PRt Bk A
Vi M XK G IR A FH AR BRI R R A A T4 T3 AR AR NS4 IOK 2 i P4 A

*2 EAARKRETESHEZRSHF

Table 2 Factorial decomposition of total inequality of the per capita grey water footprint

FEVer T P @D P I D e e e
2000 0.0459 0.0066 0.1225 0.0108 0.1016 0.0169 0.0009 -0.2526 0.0029 0.0364
(100.00)  (14.41)  (266.88)  (23.44)  (221.27)  (36.73) (2.02)  (=550.28)  (6.30) (79.23)
2005 0.0627 0.0053 0.1185 0.0125 0.1315 0.0169 0.0075 -0.2556 -0.0212 0.0473
(100.00)  (8.41)  (189.04)  (20.02)  (209.82)  (26.99)  (11.98) (-407.91) (=33.90) (75.55)
2010 0.1113 0.0090 0.0784 0.0170 0.1389 0.0324 0.0077 -0.1922 -0.0547 0.0748
(100.00)  (8.05)  (70.41)  (1526)  (124.73)  (29.13) (6.95)  (=172.64) (-49.10) (67.20)
2014 0.1091 0.0063 0.0567 0.0240 0.1086 0.0516 0.0061 -0.1389 —-0.0806 0.0752
(100.00)  (5.79)  (51.95)  (21.96)  (99.59)  (47.33) (5.63)  (-127.34) (-73.88) (68.97)

T(g,f) : Theil index (Per capita grey water footprint, Regional population proportion in the national population) ; I(g,f) : The degree of inequality

Ec

Capital deepenin

Capital output effect ( per capita grey water footprint, Regional population proportion in the national population); I° (g, f):

Technical efficiency effect (per capita grey water footprint, Regional population proportion in the national population); I°( g, f):

onomic activity effect (' pe capita grey water footprint, Regional population proportion in the national population); I (g, f):

s ellect (Per capita grey water footprint, Regional population proportion in the national population); I°(g,f):

The degree of inequality
The degree of inequality
The degree of inequality
The degree of inequality

Environmental efficiency effect (' pey. canita grey water footprint, Regional population proportion in the national population) ; Inter(a,doce) : Inter ( Economic activity
effect, Capital deepening effect Capital output effect Technical efficiency effect Environmental efficiency effect) ; Inter(d,oce) : Inter ( Capital deepening
effect, Capital output effect Technical efficiency effect Environmental efficiency effect) ; Inter(o,ce) : Inter ( Capital output effect, Technical efficiency

effect Environmental efficiency effect) ; Inter(c,e) : Inter ( Technical efficiency effect, Environmental efficiency effect) ; REUE T H &5 N A B 4L

3.3 AN A ) 22 5 R R AT

FH & 3 AT 2 P AL RIS B 48 BT 8 I TR0 90 PTG 1 . AP 25 55 130 41 8 B/ N R D8 30 1T
BTSSRy A 25 S %) SR LS J A, U 45 3500 ) 2% X IR N R s e AR AR AR R 22 5, 25 S RIS K s B 45
AYIX NS X G0t 2 & TR I A AL B /N, N BT BOK 2 8 25 St i i 4 /0 . 40 18] 25 5546 il 2000 45 11
0.0067Z et 22 2014 4E1Y 0.0449 , ¥4 IR K 570% , H K] 2 AT I 053 78 i 22 5 v () E B M 7R IR AF
o, AN 25 5 B EE B U AE R [, T I 2 T2 B A 2 g SR T IX sk fa] AN H KK S i 2 5

®3 2EAHRKETERHABMANE RS HE

Table 3 Decomposition of total inequality of the per capita grey water footprint in the within- and between-group inequality components

0} Year T(g.f) Ty(g.f) Ty(g.f) 4 Year T(g.f) Ty(g.f) Ty(&.f)
2000 0.0459 0.0392 0.0067 2009 0.1004 0.0685 0.0319
2003 0.0490 0.0391 0.0099 2012 0.1166 0.0785 0.0381
2006 0.0751 0.0563 0.0187 2014 0.1091 0.0642 0.0449
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Fig.1 Factorial changing trends of total inequality of the per

capita grey water footprint
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Fig.2 Contribution of total inequality of the per capita grey
water footprint in the within- and between-group inequality

components
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Table 6 Factorial decomposition of regional inequality of the per capita grey water footprint

R (O N O B N
7R3 Eastern region
2000 0.0272 0.0063 0.0663 0.0079 0.0453 0.0169 -0.0034 -0.1502 0.0111 0.0271
(100.00) (23.18) (243.82) (28.95) (166.72) (62.14) (-12.53) (-552.83)  (40.83) (99.72)
2003 0.0284 0.0048 0.0611 0.0068 0.0534 0.0109 0.0013 -0.1464 0.0056 0.0308
(100.00) (16.94) (215.51) (24.01) (188.38) (38.38) (4.63) (-516.18)  (19.61) (108.72)
2006 0.0534 0.0038 0.0561 0.0075 0.0606 0.0161 0.0077 -0.1475 0.0077 0.0413
(100.00) (7.08) (105.12) (14.02) (113.51) (30.20) (14.43)  (-276.06) (14.32) (77.38)
2009 0.0722 0.0064 0.0409 0.0080 0.0597 0.0218 0.0117 -0.1095 -0.0028 0.0360
(100.00) (8.84) (56.62) (11.03) (82.74) (30.19) (16.17)  (-151.66)  (-3.86) (49.94)
2012 0.0990 0.0062 0.0291 0.0072 0.0652 0.0384 0.0025 -0.0767 -0.0138 0.0409
(100.00) (6.25) (29.38) (7.24) (65.86) (38.73) (2.54) (=-77.41)  (-13.90) (41.31)
2014 0.0694 0.0063 0.0257 0.0075 0.0663 0.0312 -0.0031 -0.0683 -0.0171 0.0209

(100.00)  (9.06) (37.05)  (10.80)  (95.42)  (44.96)  (-4.44)  (-98.39) (-24.59) (30.12)

hEBHLIX Central region

2000 0.0261 0.0081 0.0181 0.0044 0.0073 0.0112 0.0044 -0.0261 0.0016 -0.0028
(100.00 ) (30.85) (69.16) (16.83) (27.78) (42.84) (16.88) (-99.82) (6.13) (-10.66)
2003 0.0300 0.0065 0.0174 0.0026 0.0082 0.0106 0.0077 -0.0195 -0.0007 -0.0027
(100.00) (21.58) (58.04) (8.81) (27.30) (35.24) (25.63) (-65.01) (-2.46) (-9.14)
2006 0.0489 0.0077 0.0176 0.0052 0.0119 0.0148 0.0121 -0.0096 —-0.0062 -0.0046
(100.00) (15.80) (35.98) (10.66) (24.40) (30.25) (24.69) (-19.69) (-12.74) (-9.34)
2009 0.0609 0.0092 0.0342 0.0168 0.0128 0.0147 0.0146 -0.0141 -0.0154 -0.0120
(100.00) (15.18) (56.12) (27.56) (21.10) (24.19) (24.01) (-23.09) (-25.32) (-19.75)
2012 0.0563 0.0079 0.0437 0.0272 0.0135 0.0128 0.0132 -0.0275 -0.0235 -0.0109
(100.00) (14.03) (77.53) (48.34) (23.97) (22.67) (23.35) (-48.82) (-41.63) (-19.43)
2014 0.0512 0.0075 0.0481 0.0300 0.0153 0.0105 0.0104 -0.0376 -0.0197 -0.0131

(100.00) (14.57) (93.83) (58.52) (29.78) (20.46) (20.34) (-73.45) (-38.53) (-25.51)
PEHBHLIX. Western region

2000 0.0741 0.0051 0.0301 0.0127 0.0283 0.0157 0.0044 -0.0530 0.0065 0.0243
(100.00) (6.93) (40.64) (17.11) (38.13) (21.14) (5.93) (=71.47 ) (8.77) (32.82)
2003 0.0669 0.0033 0.0366 0.0180 0.0292 0.0105 0.0085 -0.0631 0.0002 0.0237
(100.00) (4.99) 54.72 26.86 43.62 15.75 12.65 -94.21 0.28 35.34
2006 0.0708 0.0036 0.0395 0.0220 0.0300 0.0141 0.0088 -0.0579 -0.0199 0.0307
(100.00) (5.12) (55.78) (31.06) (42.30) (19.91) (12.47) (-81.83) (-28.17) (43.36)
2009 0.0722 0.0041 0.0400 0.0194 0.0270 0.0210 0.0041 -0.0504 -0.0278 0.0349
(100.00) (5.70) (55.38) (26.80) (37.32) (29.04) (5.67) (-69.83)  (-38.46) (48.38)
2012 0.0739 0.0049 0.0341 0.0247 0.0293 0.0229 0.0078 -0.0369 -0.0509 0.0382
(100.00) (6.62) (46.06) (33.44) (39.60) (30.91) (10.60) (-49.95) (-68.88) (51.61)
2014 0.0727 0.0048 0.0328 0.0327 0.0463 0.0412 0.0104 -0.0417 -0.0680 0.0142

(100.00)  (6.57) (45.08)  (45.04)  (63.61)  (56.63)  (14.33)  (-57.36) (-93.45) (19.55)
ABAET I 85 MR E 5 I
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ANEIERRDL, e FE T R B AR BEVESR T . A3 XA N ES RO T BEAS ™ I 300 5 B GDP AR OK R sl A LA
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