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Fig. 1 The composition of the water footprints in China
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PU3#E 0.025 F1| 2004 4F-fi KAE A 6 0.427 Z [BIANEE, 11 2004-2011 4 4348 T A A
BORAR AR, WF 2011 4EJLET . B TTON . INARN) T AR A K R TER AR AR R o £
1 BB o A T Z K IR A R A IR R 225, HESA T 19972011 4%
AEIK W PR AR S48 R/ IMEL9 0.051 B 5 R (B 0.498., N pE kA 7 A% L
M 1997-2011 454548 T /K BEI5 R FHRCR 190 8 a5 5 2% TR AR A ™ i 0 2R L, B4R
B A TKEIRF SR Z R BUR BB A [E ARS8 7= H AR B0 ) 7K 78 TR AR
B AR A P B DU AR, FEIC BB T — 2 K R IR R SR M2 R, B
Pl B0 R K SRR R AR B — A N S A AR K2, dbat, K. L,
96 T AREHAESA BN G, lpa ., PERk. =pg . SNSRI ER AR,
I A8 T K BRI AR A Dr— B 5s [R) A A AR B T R AR

3.1.3 SSEIAMEKEE:  F24 B IERAL EARI R HAE DT 19972011 4EH [E 44
TR GEIRA FHRCR 942 J5) A A& Moran's THEECPIME . 7675 BN FEAEIAEE = i B0

R1 1997-2011 B EHKTIRF ALLE
Tab. 1 The interprovincial water resource utilization efficiency from 1997 to 2011

X 1997 4f 2001 4F 2004 4f: 2008 4F 20114 ]

b 0.134/0.196  0.210/0.316  0.287/0.383  0.587/0.539  1.000/0.759  0.414/0.423
PN: 0.115/0.165  0.182/0.284  0.257/0.398  0.487/0.639  0.885/1.000  0.344/0.476
[ 0.103/0.146  0.145/0.216  0.193/0.296  0.317/0.455  0.511/0.608  0.235/0.330
17g 0.064/0.116  0.095/0.171  0.130/0.247  0.208/0.369  0.287/0.494  0.150/0.272
MNZEH 0.050/0.080  0.076/0.117  0.114/0.186  0.227/0.367  0.356/0.534  0.152/0.240
Ly 0.111/0.190  0.163/0.295  0.217/0.390  0.352/0.606  0.581/0.877  0.265/0.449
K 0.058/0.112  0.087/0.168  0.113/0.227  0.194/0.376  0.290/0.492  0.138/0.263
HIPIT 0.069/0.111  0.099/0.159  0.131/0.215  0.199/0.314  0.272/0.407  0.149/0.235
i 0.176/0.271  0.298/0.433  0.427/0.549  0.714/0.832  1.000/1.000  0.498/0.605
N 0.164/0.206  0.258/0.319  0.369/0.430  0.646/0.665  1.000/1.000  0.457/0.497
WL 0.142/0.202  0.215/0.296  0.306/0.404  0.531/0.589  0.777/0.840  0.381/0.446
L 0.069/0.100  0.099/0.141  0.129/0.181  0.205/0.266  0.293/0.358  0.153/0.202
binhe: 0.094/0.167  0.141/0.231  0.184/0.296  0.301/0.444  0.428/0.574  0.221/0.332
N 0.045/0.073  0.067/0.105  0.087/0.142  0.135/0.211  0.192/0.278  0.102/0.157
IR 0.136/0.218  0.207/0.324  0.306/0.475  0.597/0.768  1.000/1.000  0.413/0.539
ML 0.079/0.112  0.105/0.159  0.140/0.221  0.239/0.350  0.352/0.481  0.173/0.256
il 0.087/0.126  0.129/0.186  0.163/0.243  0.264/0.365  0.386/0.468  0.197/0.268
Wirg 0.066/0.088  0.093/0.126 ~ 0.117/0.162  0.192/0.256  0.291/0.371  0.142/0.190
J AR 0.183/0.237  0.278/0.351  0.413/0.484  0.699/0.714  1.000/1.000  0.492/0.537
T 0.053/0.076  0.073/0.105  0.099/0.139  0.157/0.220  0.238/0.316  0.118/0.163
fiaea) 0.045/0.071  0.059/0.098  0.072/0.123  0.105/0.179  0.149/0.251  0.082/0.139
BN 0.063/0.125  0.092/0.176  0.121/0.229  0.198/0.348  0.344/0.593  0.152/0.273

sy 0.093/0.143  0.133/0.203  0.179/0.272  0.295/0.420  0.490/0.635  0.221/0.315
il 0.030/0.054  0.042/0.072  0.053/0.091  0.084/0.138  0.135/0.233  0.064/0.107

PN 0.054/0.081  0.071/0.106  0.088/0.135  0.130/0.190  0.181/0.270  0.101/0.149
[iig: 0.025/0.031  0.037/0.044  0.049/0.059  0.068/0.079  0.087/0.106  0.052/0.062
Blepg 0.048/0.090  0.074/0.141  0.100/0.196  0.168/0.319  0.241/0.458  0.120/0.227
i 0.040/0.061  0.057/0.087 0.073/0.114  0.110/0.172  0.140/0.231  0.081/0.128
i 0.032/0.043  0.046/0.061  0.063/0.079  0.093/0.120  0.133/0.167  0.069/0.089
THE 0.028/0.031  0.037/0.044  0.047/0.060  0.067/0.094  0.086/0.125  0.051/0.068
s 0.055/0.065  0.210/0.089  0.089/0.113  0.126/0.160  0.156/0.201  0.097/0.123
He BRFTmETEE, £15H THMEMITEN R o0F . SRR %R S A% gk
HAEE ) AR O R AR IR R FIRCR s IR 1997-2011 AFEBAE S AR-344
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rh ] 4548 T XA K F2 HEZEHKFENAMELEBEX Moran's [#5%]
I ;FIJ H %l % AH EE%‘ Tab. 2 The Moran's I of water utilization efficiency in China
N . 5 e E I h % R
A1 25 [/ I s \
ik E/J ) jo% %f-{ /I)h % D Moran's I  Z%4ii4a: PIH O Moran's I Z45 3 PIH
HA#AE 1% K F T 5 o7 0.0647  2.8350  0.0023 19974F  0.0686  2.9467  0.0016
= XHPEAE 1998 0.0647 2.8355  0.0023 19984E  0.0713 3.0254  0.0012
T F 7K 45 JE R Al 1999 0.0660  2.8740  0.0020 1999;# 00719  3.0426  0.0012
2% i1/ WA e 2000 00663  2.8831  0.0020 2000 00735  3.0902  0.0010
=gl ﬁ%ﬁjj“/j G 2001 00677 29211  0.0017 20014  0.0752  3.1393  0.0008
2 A IE A G 2 3o 2002 00637 28075  0.0025 20024F  0.0730  3.0746  0.0011
HRE A AT X KT 2003 00632 27931 00026 20034  0.0768  3.1855  0.0007
B AR 25 i) 43 2004 00616 27451  0.0030 20044  0.0771 31934 0.0007
AP FEAE T Tt 52 2o pl 2009 0.0660  2.8745  0.0020 20054F  0.0819 33312 0.0004
2006 00636  2.8047  0.0025 20064F  0.0788 32415  0.0006
Ny =] i}
m’{j‘"‘:‘g ﬁﬁmij){th # 2007 00650  2.8429  0.0022 20074E  0.0800 32777  0.0005
U = 8] 5 25 [0 45 2008 0.0655 28586  0.0021 20084  0.0807 32969  0.0005
ORI EAKEIK 200 00674 29134  0.0018 20094  0.0802 32815  0.0005
bl e I’j
. 3l 3% 2010 00623 27669  0.0028 20104F  0.0740  3.1034  0.0010
R A FH AR ) i X
- .. s 2011 00725  3.0606 00011 20114 00659  2.8702  0.0021
FRAE, B 1K Y U -~

FHZCR XA SR . PR A E A 5 H AT IR A RO B 58 TR AS RE Z 0 A AE I 460 — b
BRzs (A A R, A [ R A e A 7 v K W J5UR) F ASCR A 5 s AT L) 2% 1 30 25 ] 5%
N, BPZS RO AL T, 3 A B3 F AR o K R R A FHACR W78 R 094 o

“F TET 3 2 R Moran's THE EUCIIF T HP [ 4544 T /KO0 DR FH 508 2 75 A7 A Ry A SR
%o WP 2 s AE 2 FE ARG FEAE B 7 s P RR I 0T B0 EE A9 1997 F1 2011 4 H [ 4544
IRGEIEF R LISA SR IR . PIRM B T A0 i 4E R X B p e ARV, ndb
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Fig. 2 LISA map of water utilization efficiency in China

7 R I B TR A, DRLIREX T v B K BRI BRAR AN BB ARSI S Hh i B 7K B M)
K ES ROV R TRE S TP
3.2.2  %5[A] Durbin f1-E AR ] )5 2% WA A 2 E R TR ES AT X
IR BT ISR R AFAE A RO, — B XA K BRI R S 2 5F R A ¢, Rl
S HE XK SHEAFHBCR AR, XM F A SRR K G IR AR Y 2= (a4
U S ) PR o TR FH 43 1] Durbin 3 AR 5E PR i s AN, SR TR IR
R T (hEZETAREYE) (1998-20124F) 1 (R EUKBTIRAR) (1997-20114F),

i1 Hausman A5 56 AT AR 5 48 C25 8] Durbin 1SR 8 3 2R FH 2 500, B Za i pL
RV FR4 45 T 2510 Durbin TR ARG IAZE IR . 25 AL [EAR ™ H 2 1a) A (o]
BB #ERAE 1% K A2, Ul A 2548 T K B UM SR A7 A B AR, T AN T
IR BB BT B9z ) F BH 2 5 p o 0.507 K T2 AR A5 L T 1 0.278, 25 (]
it HH ROV T AR /N T K SRR FHACR 0 Al AN BT DT et H [l 2548 i 7K B
FHRCRI SR, DRI Z5 TR AR 7™ 00 E A4 7K B J5UR A3 0 2 ) LS K W R
FHARBL i 51

B IEARI B M AR O T Ah i BB i e o iR SCl AR Bt . 954 GDPL A4y
FKEE D7V E K . A SEBRRE M T I DK R . Ba &t diia . s Tl
FUKICE . AR R . IR | FK e R I R 3R R 5 e K B R
RO AN FEAR ) AR OLF S SR BAE A EE . 952 GDP K . Al HE A 5
it NIKE K e . 3 oe ol BB R K i K e L AR FH 52 DRyt I8 iy 2 K = R
G WIRBESY. TR E RS . RV HKICE RS . TR Bk ER
P 5 R B 5K SR A IR . N REFIMUAR HORFR , TRP S 0 T 12K R [l )8R 0
ARGF o




14 R A5 A B K RN AR5 25 1 i A0 3 129
x4 EREPER

Tab. 4 Model regression results
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Tab. 5 Total effect, direct effect and indirect effect of explanative variables
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Water resource utilization efficiency and its spatial spillover
effects measure in China

ZHAO Liangshi, SUN Caizhi, ZHENG Defeng
(Urban and Environment School of Liaoning Normal University, Dalian 116029, Liaoning, China)

Abstract: Based on provincial panel data of water footprint and grey water footprint, and
with the help of data envelopment analysis model considering and without considering the
undesirable output, this paper estimates the water resources utilization efficiency in China
from 1997 to 2011. The spatial weighting matrix based on economy-space distance function
is established to discuss spatial autocorrelation of water resources utilization efficiency. With
the help of absolute B convergence model, this paper concludes that there exists [
convergence in the water resources utilization efficiency. Under the condition of considering
and without considering the undesirable output, it takes about 52.6 and 5.6 years respectively
to achieve the extent of half of convergence. By mean of the space Durbin econometric
model, this paper studies spatial spillover effects of the provincial water resources utilization
efficiency in China. The results show that, 1) With considering and without considering the
undesirable output, there is significant spatial correlation in provincial water resource
efficiency in China. 2) Under the two cases, the spatial autoregressive coefficients (p) are
0.278 and 0.507 respectively, at 1% significance level. There exist the spatial spillover effects
of provincial water resources utilization efficiency. 3) With considering the undesirable
output, these factors of the education funds, the transportation infrastructure, and the
proportion of industrial and agricultural water have positive impacts. These factors of foreign
direct investment, the industrial added value water consumption in ten thousand yuan, per
capita water consumption, and the total precipitation have negative impacts. 4) Without
considering the unexpected output, the factor of GDP per labor has a greater positive
significant influence on the water resources utilization efficiency. However the facts of
industrial added value water consumption in ten thousand yuan and the transportation
infrastructure have no significant influence. 5) Regardless of undesirable output of water
resources utilization efficiency, the assessment of the present real water resources utilization
in China will be distorted and policy-making will be misled. The water efficiency measure
considering environmental factors (such as gray water footprint) is more reasonable.

Key words: water resources utilization efficiency; SBM model; undesirable output; space
effect; space Durbin econometric model; spillover effects



