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The spatial correlation of the provincial grey water footprint and its loading

coefficient in China

SUN Caizhi* ,HAN Qin,ZHENG Defeng
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Abstract: Water is one of our most important resources, being closely linked to the development of society and human
beings. With the rapid development of its economy, water scarcity and water pollution have become very serious problems in
China. The total volume of water resources in China is rather large, but the per capita water resources are much lower than
the global average. The discharge of waste and polluted water increased from 593 x 10° t in 1998 to 785 x 10° t in 2012.
Traditionally, the volume of water resources and water pollution are studied separately, with little research comprehensively
evaluating both. Thus, the concept of the grey water footprint was introduced in this context. Hoekstra and Chapagain first
presented the concept of the grey water footprint in 2008, after which the idea was further developed by a few of the Water
Footprint Network’s grey water footprint groups. The grey water footprint is defined as the volume of freshwater needed to
dilute the load of contaminants based on existing environmental water quality standards. The concept of the grey water
footprint provides a metric for the comprehensive assessment of water resource scarcity due to pollution. Overall, studies that
investigate the assessment of grey water footprints from a regional perspective, and analyze the spatial correlation patterns of
grey water footprints are few. Applying the formula for calculating grey water footprints designed by Hoekatra, this study
calculated the grey water footprint and grey water footprint load coefficient of 31 provinces, municipalities, and autonomous

regions in China, from 1998 to 2012. Spatial autocorrelation methods were used to study the grey water footprint, load
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coefficient, partial correlation pattern, and tendency towards change. In this paper, analyses of the agricultural, industrial ,
and domestic sectors will be presented. The results show that: 1) the total grey water footprint of China is increased from
5078.58 x 10° m® in 1998 to 4400.85 x 10° m” in 2012 ; however, the grey water footprint fluctuated during those 15 y. The
contribution of each source to the grey water footprint is as follows: agriculture produces the most, and industry the least;
2) the grey water footprint load coefficient of China also tended to fluctuate during this period. The average grey water
footprint load coefficient of China over the 15 y surveyed was divided into five categories: the first, which have high grey
water footprint load coefficients, include Tianjin and Ningxia; the second is an area with a higher-than-average grey water
footprint load coefficient, and it includes Beijing, Hebei, Shanghai, Shandong, Shanxi, and Henan; the third is an area
comprising 9 provinces of which each has a medium grey water footprint load coefficient, and it includes Jiangsu, Gansu,
Shannxi Liaoning, Jilin, Heilongjiang, Inner Mongolia, Anhui, and Hubei; the fourth is an area of 9 provinces with a
lower than average grey water footprint load coefficient, and includes Zhejiang, Hunan, Guangdong, Guangxi Hainan
Chongqing, Sichuan, Guizhou, and Xinjiang; the last is an area comprising 5 provinces of which each has low grey water
footprint load coefficients, and includes Fujian, Jiangxi, Qinghai, Yunnan, and Xizang. 3) Through the analysis of the
global spatial autocorrelation index of grey water footprint load coefficients in China from 1998 to 2012 shows that the grey
water footprint load coefficient exists a spatial cluster feature, but the cluster phenomenon was attenuated year by year. By
analyzing its local spatial autocorrelation index, it was found that the regions with an H-H correlation are mainly located in
northern China, whereas the regions with L-L correlations are mainly located in southern of China. The spatial correlation

pattern of grey water footprint load coefficients is closely related with regional water resources and grey water footprints.

Key Words: grey water footprint; grey water footprint load coefficient; spatial autocorrelation analysis
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Fig.1 The composition and change of grey water footprint from 1998 to 2012
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Table 1 Grey water footprint of China/(10%m?)

Hi1IX Region 1998 4 2000 4 2002 4 2004 4F- 2006 4F 2008 4 2010 4F 20124 P Average
dent 33.97 33.54 29.84 25.51 19.32 15.73 11.65 9.47 22.27
PN: 42.39 36.35 25.11 33.23 33.88 28.01 27.91 29.13 30.92
mdk 308.67 287.99 277.86 295.21 312.15 236.51 217.34 216.21 267.67
1Ly 122.71 95.74 93.55 104.07 107.09 85.67 80.48 76.74 95.88
B 118.75 113.01 110.01 144.59 171.05 169.94 170.19 166.16 144.98
LT 174.81 172.74 159.12 157.81 186.37 174.24 175.03 169.66 172.28
HM 152.27 164.71 146.40 168.43 173.93 148.87 146.89 143.40 155.70
BT 170.39 163.38 165.54 173.25 176.12 171.62 174.66 173.77 171.03
SR 52.30 47.98 48.40 35.71 35.31 29.73 18.28 11.04 35.83
Hpi 226.67 202.66 217.37 224.44 232.76 211.58 199.87 186.80 213.72
WL 146.30 129.36 118.76 113.58 113.43 101.73 88.21 82.71 110.58
T 219.08 202.32 202.42 154.07 175.90 154.11 152.80 153.29 180.39
At 96.52 93.86 84.67 87.01 96.38 87.37 87.37 91.56 91.28
paNi) 144.47 137.59 135.76 134.22 150.08 133.28 135.61 134.06 139.75
7R 459.44 398.04 377.97 277.56 341.90 274.41 253.85 249.80 337.06
bS] 401.76 402.49 401.35 359.31 437.92 360.07 353.11 337.97 387.47
e 241.00 227.24 220.86 211.66 224.31 211.42 216.01 213.50 220.13
ke 232.44 242.12 257.66 265.58 301.93 265.75 258.64 253.24 262.78
J7AR 236.49 242.78 240.45 207.06 238.94 208.77 190.24 186.87 223.65
I 254.90 294.60 259.68 249.86 300.61 246.94 245.17 238.66 261.69
] 34.25 36.09 32.85 34.15 39.83 34.63 34.46 35.16 35.24
EIV/S 85.62 87.24 84.36 79.16 88.63 78.59 82.96 83.92 85.00
pu)i| 334.55 364.53 364.49 332.81 366.80 331.08 334.59 325.26 345.97
M 136.71 134.85 136.96 124.48 157.22 124.57 125.09 117.12 134.26
= 194.96 187.05 181.01 186.18 195.58 184.99 191.78 195.66 189.53
[iiE 66.91 68.58 69.60 77.15 78.71 77.89 76.39 75.06 73.02
5] 117.10 118.49 118.67 112.64 133.82 111.89 109.97 109.87 118.35
o 77.43 78.44 84.15 97.47 100.81 97.14 98.17 96.81 90.99
HiF 55.27 53.73 56.10 65.61 60.17 65.52 67.40 63.79 59.81
TH 32.64 42.91 32.25 38.32 42.16 38.49 36.75 35.76 36.72
e 107.80 101.54 107.21 122.24 145.40 120.92 124.32 138.40 120.36
=H 5078.58 4961.95 4840.43 4596.79 5238.53 4581.45 4485.18 4400.85 4814.30

National Total

http ; //www.ecologica.cn



14 INATE A v A Bl RE B IR KA 0 £ 280 2R 0 2 [ S A 7

Tl &5 A A S R Ll LR AT, R B T A TR S RS AR B Ak ] AR A T IR S
VS kN <k

SRR EIEAE L X BN TR AR KA TR I 4 K A RRAE R L LR )1 f b 45 b X R
K 38 Y 4 g ) 4 S B4 K, S el R 2 R K R Sy 4 IR 7K A 3 S i A P Ml X T 238 5] 387.47%10° m?
Jemt KA I VR b X R K R AN, A b Ry 4 R R K R 8 i /N L XS R 22.27x10° m?
2.2 BOKEBfGIER RO AR

AU F] 1998—2012 A4 31 NME T ( AR X)) K L 725 faf 8% 22 850 0L 3% 2 (R0t T 5 B A 3 4
BAEGY) o 31 ETH (HIAX) 15 A K L 0 107 2% R B AR K SR /N D sh e g, 78 4 B N A7
A B ML IX 25 53 6 31 AT ( AR IX) 15 AR P38 K 2 fef 2 R B B (B 2) 55— i 3K
DXALHE R 77 5 P, K R 8 7 2 R B0 R 14 KO KIS e R B R, b X AR KK R IR
{H 7 A58 1) S K g U v 81 4 R A R R, S 8CHOKIS e R K 28 2o s i gk IX 4% L
AL SRS R PG T 6 AT, B B AN TAEACE R B v SR K i X R I R 2 2R A
KT 1, KIGYIE DR 2005 55 =20 vp B 8 X 53D 7 VT R AR PS8ty e e SRR
WAL 0 BT ( FIA X)) s B A 28 X AL 5 B PR ARG P OISR BT AR T R 9 AT (AR
X)), BB P FRIT AR K P20 F 5 X 58 2O I 2 X A G AR VTP =78 1 P S MbIX, 2%
Gy AT T R S R K R X KT R BN

IR 300 i % 2R 8052 IR 7K 38 45 7K e YRR A S R e 38 3t 23 W P R 7K 30 oy 2 2R e (i - L AR P 7
AEJL S VEAEER A X R (T B4 b T I S VT R X, KK 76 2k R B B — R 0 2 ) 4 R e
RT3 i 7K AL 320 £ 2% 22 00 A AR 28 A DG I P RE 1 | SOAS S0 2 1) F AR SC e ik it — 5 B8 o
A B R K R T8 i 2 7R B 25 ] DG IR AR )

*x2 £E3NANEH(BER)RKBBEHEHEREY

Table 2 Grey water footprint load coefficient of 31 administrative regions in China

HiIX. Region 1998 4 2000 4 2002 4 2004 4 2006 4 2008 4 2010 4 20124 FI Average
dent 0.87 1.99 1.76 1.20 0.87 0.46 0.50 0.24 1.07
PNE 3.12 11.54 6.84 2.32 3.35 1.53 3.03 0.89 4.12
L 1.68 2.00 3.23 1.91 2.91 1.47 1.56 0.92 2.01
1L 1.26 1.17 1.19 1.13 1.21 0.98 0.88 0.72 1.07
e 0.10 0.31 0.35 0.33 0.42 0.41 0.44 0.33 0.35
o 0.43 1.26 1.07 0.55 0.71 0.66 0.29 0.31 0.70
L 0.34 0.47 0.40 0.52 0.49 0.45 0.21 0.31 0.43
eIt 0.17 0.26 0.26 0.27 0.24 0.37 0.20 0.21 0.25
i 1.24 1.56 1.05 1.43 1.28 0.80 0.50 0.33 1.14
TLH 0.45 0.47 0.81 1.10 0.58 0.56 0.52 0.50 0.57
Wi 0.13 0.13 0.10 0.17 0.13 0.12 0.06 0.06 0.12
LR 0.21 0.31 0.25 0.38 0.30 0.22 0.17 0.22 0.25
biye: 0.06 0.07 0.07 0.13 0.06 0.08 0.05 0.06 0.08
ANi) 0.06 0.09 0.07 0.14 0.09 0.10 0.06 0.06 0.09
ITFR 1.14 1.58 3.85 1.04 1.72 0.83 0.82 0.91 1.31
g 0.70 0.60 1.28 1.01 1.36 0.97 0.66 1.27 1.06
] 0.17 0.23 0.19 0.24 0.35 0.20 0.17 0.26 0.24
Wi rE 0.10 0.14 0.10 0.17 0.17 0.17 0.14 0.13 0.15
IR 0.13 0.15 0.13 0.19 0.11 0.09 0.10 0.09 0.13
I 0.11 0.19 0.11 0.17 0.16 0.11 0.13 0.11 0.14
HiAE] 0.14 0.08 0.10 0.23 0.18 0.08 0.07 0.10 0.11
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H1IX Region 1998 4 2000 4 2002 4 2004 4 2006 4 2008 4 2010 4 20124 P Average
EWN 0.11 0.15 0.15 0.16 0.23 0.14 0.18 0.18 0.17
puji| 0.11 0.14 0.18 0.15 0.20 0.13 0.13 0.11 0.14
T 0.13 0.11 0.12 0.15 0.19 0.11 0.13 0.12 0.14
pyE) 0.08 0.08 0.08 0.09 0.11 0.08 0.10 0.12 0.10
g3 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02
5] 0.29 0.33 0.46 0.42 0.49 0.37 0.22 0.28 0.34
HH 0.37 0.42 0.56 0.52 0.55 0.52 0.46 0.36 0.44
T it 0.09 0.09 0.10 0.09 0.11 0.10 0.09 0.07 0.09
T 2.91 6.13 2.53 2.77 3.98 4.18 3.95 3.31 3.80
i 0.11 0.11 0.10 0.15 0.15 0.15 0.11 0.15 0.13
e

. 0.15 0.18 0.17 0.21 0.21 0.17 0.15 0.15 0.15
National Total

500 1000km .
/
/
i \ # &7 O
Bl X 7] AR X
B gEagx O RRX
O Emsx ) ks / .
BT B A R
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-

B2 2ERKBTEHABSEER

Fig.2 The classification map of grey water footprint load coefficient in China
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3.1 PRI R AR S 18] H AR S

SCERE R 31 AT (BRI BIFFE I TE] Y B K R 8 A 2 2R B0 42 Ry A ] B RH GRS Ry A A 3 4
J& Moran's 188X T {H(F 3) ., &K ,2007 4EZ 542 J5 Moran's $840 I {HAE i B F A BIA A ST =
N4 R A AR £, 2007 Z AT (B 2000 4F) 4 J5) Moran’s $640 I {ERYIERSS T Z (EHIY K THE 0.05 BIF
IR B I S (1.96) |, RIGE A 2 2 EAG e o 300 B v 4 o DR K RS 326 £ 28 28 80 e (L AT A | 2 T — e R
JER SRR . ShaAS oAl R, 15 4E42)R) Moran's T8 URAR Y BRIk 3, (HAE (A B T B3, H 2 2008 4E £ 8
AN EAASC, R 8 B KK L 00 £ 28 28 504 Jmy 2 (A RH DG S55 , A8 o IR I A 305 £ 480 2% B30 ) 328 D\ (1)
R )

ST DA B34 AT DI K B Y5 e 4 5 i IR K R 30 A 2 3 50, AR B8 /K B e S2 AR RO (X
oA R RS FAE TR, 52 B0 A AR ARUARRAE DA I e 7K R 38 1y 26 2 5 o B s T 42 SR M« I B K e Al 2
DI 7K A 300 A 2 2R B DR TR 3R | 32 2805 SR LN P S5 A Sk s 2 5% IR R S 0 Wi 3 4 iy kk 2 28
TERAEAL 52 B — 2 AR S0 BORAK L IR 2 R BE A ) AR 2R ; BB X Sl A S AT 10 22 S, DX ol ] 22
SFIBHETE R AT K R ey 8 R A0 25 1) A SR LG IR 581

*x3 HE3ANIMETH(BERX)KKRBITREREE L[ EHEX Moran's 155

Table 3 The global spatial autocorrelation index of grey water footprint load coefficient in China

AE4Y Year Moran's / VA P AR Year Moran’s 1 A P
1998 0.2761 2.5185 0.0118 2006 0.3123 2.8125 0.005
1999 0.2566 2.3773 0.0174 2007 0.2402 2.2293 0.0258
2000 0.1654 1.6263 0.1038 2008 0.1477 1.4812 0.1386
2001 0.4032 3.5515 0.0004 2009 0.1542 1.5322 0.1254
2002 0.4092 3.6088 0.0004 2010 0.163 1.6013 0.1094
2003 0.2694 2.4627 0.0138 2011 0.0952 1.0509 0.2934
2004 0.4031 3.5482 0.0004 2012 0.1191 1.2473 0.2122
2005 0.2295 2.1509 0.0314

3.2 A BRIRK L e 28k R B i s ) B AH OG5 Hr

FEA R A ARG LAl L R Matlab 803 A E 31 A48T (A X)) KK R 05 i 8 R 550R 3B
Moran's ¥4 1, FF-M0H 1998 4F-5 2012 4 A v =B K R 328 fr 48 R 200 LISA SER MR (K 3) , aniEl 3 i
R R (H-H) SRR (L-L) X2 SRR (H-L) SRE AR (L-H) i DA ED | i oK e 78
T R FAE A ] ARG W, A Bk s Y i ) AEAE A S i 2 (B DGR PE 5 {0 2012 4F H-H 42K 5 H-L 4%
i DX 1998 AF- /b, 156 B i ] IR K R 308 A 20 2R s () SR AE I G LR 18055 5 2 Bk T3 4 i TR ZR 08055 .

(1)H-H 4R IX

FREAEAE H-H &R A DA 51 2A  RHE T (Ivg IR TR, A R FEAEdb b IX . R ATl
S5 TR | KBRS R BRI {8 A A b DX A9 VR S i, DA T O IR K R 3 fr R R A
KKIGHE T E R, W IR = VE IR E A O S0k KA, E A =i R vk 25 1R AR A 3k it
FH BEUE AT B LR R V5 7K AR FEAS A2 45 PR R 52 ) S0l H K R iR 378 328 5 4 [ SF- 27K OF i ] 7
IR 78530 42 [ 2 = 00—, BN KR TC A RO B KI5 Y, Ll vg 47 F 3% [ Sk X, B
[ S 41 7K 5 o R 4 P B L, TR) s e HE R R KIS e R R

(2)H-L R HIX

THEEGEN T H-L R IX 8 & B ot X, 7 2 A T oAU SoK L IX &4 FEUK B A i i b A
B3 5T 0] 24 K R AR 9.9x 108 m? , 7K T R B ] F /K Bt /0 | IRK O 3 a7 28 SR BOK

http ; //www.ecologica.cn



10 A E = 36 &

>»z

0 500 1000km
[ R

Ve 4 e
Bl HH [ L-H )
Y B oL [ T Lo
L [ LL Vi

BT . AWM .

ATEE: GS (2015) 10378

3 2ENAEN(BIRRK)RKBITEEREH LISA £ER2H
Fig.3 LISA cluster map of the grey water footprint load coefficient in China

(3)L-LAERMX

TR R VE WL AR VLPE G IR AR TP RS R U S s R L PO BT R 17
AT (AR FRE N THE L-L AR KA 00 T 5 75 e A M X, R 7 5 7 7 e it DX it v [ /R 8
B IX B B TR P b X DX PN A R A A A g AN YA A B b X A7 MY A [ SR AR AR, K R
TS . R TR F T KT e MR i 7K K, BSCH AR X Bl /K 48 T (TR X)) BROK S 38 £ 80 1 BN, ]
R 1 VE RO X T AR AR SRR T 20 R AR S N BN, S EOROK R AN

(4)L-H £ R HIX

L-H R X B AATE NS BT LT CHNRE N TixIX . WS EROl &R FRE KK 2 ik i
KM T H 1998—2012 4FS-24 KK L 53802 51 42 [ 15 7, KK B B0mr 2 22 B0 9 4 13 7, (H PN 52 I
WG P T A ROK R I R FCE KA LXK AH LT F AR X, BEPE H R T PY SR HLIX, TR0k & A
XTI Ja KT G ARXT AN IR R 384 2 R B/ IR s i i 77 B 46 H-H AR IX A7 L-H £ R, L THE
rhRE ey M DX I AT A AR A s AT R X, OFEAE L-H AR SR

dentii e H-H AR IXV% A L-H R I Jentii i AL SR X, BN 8 B R | Tl & 38 45 Jit A5 e
TKIREE 13K B AE R IR Z KT SEE B AR BOR IR 8l 45 I 2N WF 58 A E) RO R 05 S B0 B
Ra R A, ARSI 3T 14 R Tl b 45 b R K JE 00 7 28 3R BRI 5 B e L-L AR SR IX 8 L-H AR SR IX, i T H:
P F i E R I AT 3 R A H-H R IX S L-L R XX, 532 —F 5 VT8 B L-H R XAy H-
L AR IX, 5o R A A T o KK R 3 A 5 R 50 H-H 42 R IX 5 L-L ER XWX | 5 % —F i, 4]
YT IR K R 7T 20 R 50 1998 4EAY 0.45 B4 hn% 2012 419 0.50, S8 L-H 2R X8 H-L £ R X,
g H-LAERXEA L-L AR, SIS0, E IR E R L5t E 25 m i K iy R B, Tl %
IKFNAE TG 15 K A HETBCR R KIS P e R TRl &0 3 e 7 7K B0 L X 807 T H-L R R X (HAE KA
LU AOE S BRI (R IR SN A R 2R BRI oK R S B T B EHVE A L-L AR R X,
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