5540 B4 20 1] *E &~ 2 Eild Vol.40,No.20
2020 4F 10 H ACTA ECOLOGICA SINICA Oct., 2020

DOI: 10.5846/5txb201909252010
BRI, 5 /NGE AR ETF, ERORE, BRIHAE 2. o FE A 25 0 DOl i K S U T8 3 25 23 SRR . A 25441, 2020, 40(20) £ 7464- 7478,

He Y X,Su X W,Ren Y F, Wang X K, Ouyang Z Y.Spatiotemporal differentiation of urban water resource utilization efficiency of eco-geographic regions in
China.Acta Ecologica Sinica,2020,40(20) :7464-7478.

B E A S IE X H K FiREF ANENZ S REFE

1,2 2 = ]2 =2
RER B R 2EHA RBES
1R TS VERIREEE B, #50E 454000
2 HERFERAE SIE AT PO S KR S E A RS, AU A S R G Yl Jbst 100085

R R IEK G s AL 20 7™ 0% K B IR R K75 e F T K AR SRS AL SF U R | & O i 20t 2 2 P nl Fr sk
JRr) EEIMET, H T ABR ALK 3T ( Categorical DEA) X 2007—2016 45 rfv ] A= 25 b 2 DX 35 7 7K B¢ I ) 8038 A5 DU 5, XF
L1 AE A 23 18] oA LK S RIS HEA T 0 A o 2553 T2 1) 2007—2016 4 9] [8] 4 [ 39 17 7K B I5UR) 2003 A i TR
AR BB 18] 25 (RS i sk i B R B e I I T 34255 2) A 285 b 3L DX 3l i K W 5R 258 2808 o v MR ok Sl Tl T 5
DC A 2 T TR AR DX TR R DX S P R X, 5 b 1) 2R R e el ) 5 (] A A R A S M B X AR AR R
DX 28 5 A (EL 43 i) 3 A RS 28, XM 18] 22 /) | ELIC W {2 2 1) 23 A1 LR 5 3) S BAR BORAR AR ] 29 42 [ Kk 3¢
UM 235 R BTG 2 BN R, A 25 B IX 1) 4B AR R 22 S 2 [ A R AR BRI, R R B IRA T 255
RORARS A ARAS G 5 4) A 25 BB DX A BT IRM) FH 235 R0 A0 X I 22 R M 4 /N , 5 B PR Ay g 20036 DX A0 4 (o I A0 46 IX Bl
I, DX RS o s 8 B RSOV AN

SRR K R UEM AR s AR A B XI5 0 B AL 265 0BT (739 DEA) s et oA

Spatiotemporal differentiation of urban water resource utilization efficiency of
eco-geographic regions in China
HE Yuxiao',SU Xiaowan"? ,REN Yufen” , WANG Xiaoke’,OUYANG Zhiyun®

1 Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo 454000, China
2 Beijing Urban Ecosystem Research Station, State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences ,Chinese

Academy of Sciences, Betjing 100085, China

Abstract: China is facing a serious situation with regard to water resources, which have become a major bottleneck
restricting the sustainable development of the economy and society. Based on the categorical data envelopment analysis, we
calculated the urban water resource utilization efficiency of eco-geographic regions in China and analyzed the changes in
efficiency, spatial distribution, and spatial convergence. The results revealed the following: 1) The utilization efficiency of
water resources in China was low, first falling and then rising in a staggered and fluctuating manner from 2007 to 2016. 2)
The water use comprehensive efficiency of eco-geographic regions decreased in the following order; temperate arid region >
temperate semi-arid region > temperate sub-humid region > temperate humid region > pattern of subtropical humid region.
The technical efficiency decreased in the following order: temperate arid region > temperate semi-arid region > temperate
humid region > temperate sub-humid region > pattern of subtropical humid region. The scale efficiency decreased as follows
temperate sub-humid region > temperate humid region > temperate arid region > pattern of subtropical humid region >

temperate semi-arid region. 3) The considerable gap in technical efficiency among eco-geographic regions led to the low
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technical efficiency at the aggregate ( national ) level, which was the main factor restricting the improvement of
comprehensive efficiency in China. 4) Although the regional gap in water resource utilization comprehensive efficiency was

narrowing in this time period, there was no clearly evident “catch-up effect” in the low-efficiency regions.

Key Words: water resources utilization efficiency; eco-geographic regions; categorical data envelopment analysis

( Categorical-DEA ) ; convergence analysis
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Fig.1 Spatial distribution of eco-geographic regions and urban locations
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Table 1 Classification of water resource utilization efficiency
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Table 2 Water resource utilization comprehensive efficiency of eco-geographic regions in China

" A BTRK  EACETRK EAREEK RERREX e
AEA ENERnvied The pattern of
L. The temperate The temperate The temperate The temperate . .
Year The nationwide . X L . . . . . subtropical humid
arid region semi-arid region  sub-humid region humid region .
region
2007 0.549 0.756 0.695 0.627 0.608 0.464
2008 0.538 0.864 0.787 0.603 0.59 0.438
2009 0.551 0.888 0.787 0.624 0.608 0.446
2010 0.547 0.892 0.761 0.604 0.600 0.453
2011 0.543 0.879 0.762 0.600 0.592 0.450
2012 0.519 0.743 0.638 0.579 0.572 0.445
2013 0.523 0.804 0.682 0.585 0.578 0.439
2014 0.529 0.794 0.656 0.579 0.588 0.456
2015 0.523 0.762 0.660 0.576 0.561 0.452
2016 0.533 0.748 0.614 0.580 0.582 0.473
Y{H Mean 0.536 0.813 0.704 0.596 0.588 0.452
ARl 2
R -0.327% -0.120% -1.380% -0.863% -0.482% 0.206%
Average annual change rate
£3 EMESMIEXEH AR REMNRAR AR EE
Table 3 Water resource utilization technical efficiency of eco-geographic regions in China
N— N L L S 3 S, P FAGHT R X
X e RWFRKREPETRK ORERSEK RN AR
A5y ExEnvien The pattern of
.. The temperate The temperate The temperate The temperate . .
Year The nationwide . . L. . . . . . subtropical humid
arid region semi-arid region  sub-humid region humid region X
region
2007 0.634 0.910 0.841 0.683 0.671 0.554
2008 0.630 0.951 0.884 0.673 0.667 0.543
2009 0.636 0.977 0.886 0.687 0.675 0.544
2010 0.636 0.980 0.890 0.671 0.675 0.550
2011 0.629 0.974 0.887 0.660 0.664 0.547
2012 0.615 0.923 0.839 0.638 0.645 0.544
2013 0.619 0.946 0.862 0.648 0.660 0.539
2014 0.619 0.951 0.833 0.630 0.657 0.552
2015 0.620 0.948 0.849 0.636 0.668 0.547
2016 0.617 0.923 0.825 0.623 0.665 0.553
Y Mean 0.625 0.948 0.860 0.655 0.665 0.547
WA R
R -0.311% 0.165% -0.204% -1.017% -0.099% -0.028%

Average annual change rate
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(—1.132% ) 23R/ NI TR ~F IR X (0.183% ) 1Y 6 15 (R 4) o £3 Enl i, AR A5 M B KR BEHRM I ZR G 300K |
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Table 4 Water resource utilization scale efficiency of eco-geographic regions in China

N— S L L S 3 S o o S FAGHT R X
\ Lo OR#TRK RETRK RREEK RREK i
A5y ExsEivien The pattern of
.. The temperate The temperate The temperate The temperate . .
Year The nationwide . . L. . . . . . subtropical humid
arid region semi-arid region  sub-humid region humid region X
region
2007 0.866 0.837 0.834 0.921 0.910 0.850
2008 0.854 0.911 0.893 0.901 0.889 0.818
2009 0.866 0.910 0.891 0.913 0.905 0.833
2010 0.861 0.910 0.859 0.906 0.894 0.835
2011 0.863 0.903 0.863 0.914 0.898 0.835
2012 0.844 0.810 0.769 0.916 0.897 0.832
2013 0.845 0.852 0.795 0.909 0.885 0.828
2014 0.855 0.836 0.793 0.926 0.900 0.839
2015 0.844 0.805 0.781 0.914 0.863 0.840
2016 0.865 0.816 0.753 0.936 0.888 0.865
Y Mean 0.856 0.859 0.823 0.915 0.893 0.837
WAL R
R -0.016% -0.289% -1.132% 0.183% -0.269% 0.203%

Average annual change rate

3.3 Al ARBCR RIS LR B ORI 5 R

K Origin 2017 BAFxF 4 EETT 4 AR 25 b B X DA R 4% A 25 b X308 T /K B8 R P 23 B 0CR aliFi R
BRI R BT IE S K 58, 45 Won |, 78 0.05 /KR, £ 4150 AN 35 1ok B IR S A Bk,
HER B 1E 2SR 5 0 2H SR SR AT 307 B2 J1K 22 (Spearman ) AHOGHEZMHT | B 45 AT 41 . 764 2 T, 25 64K
A ARZFE(P=0.000) FBRCFE(P<0.001) 50 EAHE, 5 4H ARRCR A SRR (0.813) K T MBI
R(0.455) (£ 5), FEABHBLIX 2, 4 E A AP XK IR A 28 A 8RR S 4l H R B E MK (P<
0.001) , 5HERCRAEIERH (P=0.668>0.1) (6 5) ; A [) A= 25 b B X 40 £ AR BCRFUBSOR 5 28 530K
AHOCHEAFAE 22 5 FEARD T R TR T 5 ORI 2 T 2 X, MU ACR S5 28 A AR M DE K R R T2l ARk
RS TR X I A SR A 2 Y X T TR DX BT Y X, £ RO 5 Al R SOR A e M R h  E
(£5),

S 4 R AR 25 b P DX IR R R TSR ARRAE , o8 LU 43 B FH 7K R85 ) R S T 0« 2l AR S8R AR AR 3% T
S EUK G IEA AR E N E R R R A ARCEZ RN RSB GRCE T EM EEERE (£ 5) ;2F 4
ALK A 25 G ROR 2208 E2R M T XIS AR R R IAETE (R 5) , KSR ARRCR N E R 2 S84
] 405 4 AR SR AL AR, 2 4 25 B RS A AR AR SR R S ARG AR S M B X, RS IR X 25
B R BT e R RE AR A IS R AR 3R i 24 25 L2356 ASCRAE I B2 0 5 AHDVIR I 1 o = AN A S
FRIX M HLE A ROR I R A AR 25 A RORAR R 32 B2 R ARRCR B 2B R OR 1 18 53 40, R
2RI XK TR 28 B30 T [ 32 2 JE R LA AR RCR G e, 1A DU X 25 A RCR(E A AR fR U 37
FUBRCR A (R 5) .

25 LT G 4 E KGR A FHASCRAR T DGR 3 7 48 5 SR RSSO A A5 it D) 2 4 /) A 285 i 3 X
] 2l Hs RBCR A E R 22 5, PR T4 R PRK BE R A0 FH ™ R 308 32 00y D Ht v 9 U5 B I s fig 0 BRI
IR B ARG VR A BEAK 557 1 K, oA A S B X K 5 YRR R R R % R 4% X I [ () 22 5 AR P 452
AHFRIX F BPRE A, 430 D5 D5 T 42 ) s R ABE 235 4 7y T DR e 1 b Ay DXl e R PRI B e AT R
R A FRAL AL AR AT o — I Y17 o W T 5 DR 2 52 DX 2 A L A B VR AR 245 4 £
B K RCR ARG AD b T 5 W5 2 00t DX AT LG A 5 [ R 1 29 HIZK s A8 B A A R SR B /K B Y e 44
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AR 8 A 3t A0 DRI A 81 DX T LB G2 ] I R P A% A L (] A ] i 7 3 BB UM 45
FyE BPER BT
5 OKAERAEANESARABEN ML X N

Table 5 The correlation among comprehensive efficiency, scale efficiency and technical efficiency

N N . I} [ 28 4k
G AR G R LB % il
X 35§ gl Rk Comprehensive TR TR ) PR 2 . T
. . - . .. Main factor influencing
Regions Comprehensive efficiency & efficiency & Scale Determining factors ..
. o, . the change of efficiency
Technical efficiency efficiency .
value over time
AR AOKT 0.813°"* 0.455 " o .
4 IRES s 2o
The nationwide (0.000) (<0.001) PRBARE PRHORRCE
A X 3 976+ 0.062 -
el sos: ) El:vji _ 0.976 S R o
The eco-geographic regions (<0.001) (0.668)
TR X 0.547*"* 0.919*** T T R
The temperate arid region (<0.001) (<0.001) B MBIR
AR RIX 0.620 " 0.658 *** s s
I A 25l S22 I AL 23l 2%
The temperate semi-arid region (<0.001) (<0.001) ABRE AR
T 438 X 0.882°** 0.274*** < .
7 R o P29
The temperate sub-humid region (<0.001) (<0.001) PR PUBLARR
T X 0.887 *** 0.352*** - i
4 2y %% [ AEL 23lr 322
The temperate humid region (<0.001) (<0.001) LA AR R R
A T X .
0.664 "~ 0.524 "~ \ -
The pattern of subtropical 4 Y& IS G
e pattern of subtropica (<0.001) (<0.001) i AR AR FAAIR

humid region

w o w o ko ok SMFORTE 10% 5% 19%7KF T B 155 ECE IR P

3.4 A Hb IR XK BRI T RCR 23 (8] 3 A

WA D 0 A 25 M B X K BE TR R FHRCRIE S ArcGIS 454, 21 2007—2016 4F- 4> [ A 75 i 311 X 7K % U5
FIFRZEGR0% AR AR IR 2 (] 40 AT, SR AR IR AR T 52 DX IRl 21 1 52 DX TR 2 R 1
DX >l R DX > S AT PR T XA 2 )4 Jmy (181 3) |, Sl AR R0 2 IR Ay 1 52 X s Yl 1 5 DX Y Wi 1 X >
TEHT 2 N DX > S RGHT R DX A 25 () 40 A (AT 4 ) RS 3 23 2 300 3 vy - D Vi) DX > Yl i) DX > Yy T 52 X > T

[10452

0 1000 k " -
[ m C:? /

B3 2EESHERKZRMNASEHEZTENH

Fig.3 The spatial distribution of comprehensive efficiency in eco-geographic regions of China
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PPN DX SR TR XA A s SR (1 5) o F 23 ) 43 A R T 0 i T 5 X TR 2 T 52 X Rl 2 0
T DX ekt ) DX AT AT R DX K B AR T 25 6 33T Y9 E 53 901 4 - 0.813 ,0.704 ,0.596 ,0.588 ,0.452, 3%
LA 25 b LX) 25 S A, LA 8 3 1 s 1 4 A KA, D9 30 kg iy G A 1) 2 i 0 1) 30 36 0 14) 4 A A 5 2
A H I XK B IR FH 2B AR R E 5371 4 £ 0.948 ,0.850 ,0.655 ,0.665 ,0.547 , IX I 4l e R AR 2 FE I
H25 1] 43 A FLAAS S 2 5 IR RECR S (B 43 314 £ 0.859 ,0.823 ,0.915 ,0.893 ,0.837 , BIUARL Ak 5 [X dak [] 22 HE AR /)N,
HICH B 25 A A

N
A

MR TE X
Il 0.948
Il 0.860
I 0.665 o
[ 0.655 0 1000 km ’
[10.547 L C? /

B4 £EAETHERKZTEFNAAERNEXZESH

Fig.4 The spatial distribution of technical efficiency in eco-geographic regions of China

B 5 £E4SMERKTRNAAELEZ B H

Fig.5 The spatial distribution of scale efficiency in eco-geographic regions of China
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3.5 ARSI BT

AR (2) THEAS 4 AR 3 XK B A AR o 28 5 R0 R A0 (3) R Statals. 1 3FXT 4
] A 2 B DX K G VR R P RCR B A T 4R [T, A5 3 4 X B UL B R B, 2007—2016 4 3 [ A 25 i B X 7K
FRA LA A ROR o 2853 RBUEMR 2B/ NS (E 6) , BIFFTE o WS, 1 B Bk R [R) A= 725 b B X i) 7K 9%
VR RS R L IR AR BB G/ SRR BCR B R o (B P B8 K (E6) , B a ASIRSL,
HCAESI BT, 2007—2016 453K [ A= 25 b 3 XK B8 A1 25 6 2R 4a Xt B WS RECh 7 fi (-0.015) , P fH
0.382(>0.1) , ATFAE T Z 4T B UL (3 6) , BIVAE Z5 b B X /K B V5 A FH 25 B 300R TG i 25 MR 383 IX 3 1 e 20k IX s
F RN 5 BB ARBCR AR B REUEIR T 0, REALXF B IS (3 6) A TES T,

—B— ZEFE  —e— AiIRFE  —A— PRRCE

L Slope =-0.005 P =0.152

0.216

0.189

0.162

0.135 k& 1 1 1 1 1 1 1 1 1 1 )
0216 - Slope>0 P =0.735

0.204 | R N e
0.192 / \o

0.180

0.078

Slope =0.004 P =0.012
0065 - A Ll
0052 - S 2 o
0.039 + A\AD\ """"""""""

0.026 & ] ] ] ] ] ] ] ] ] ] )
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

44y Year

oW R B
Alpha convergence coefficient

E6 £EASMEBRARRMAYLE « KHRH

Fig.6 Alpha convergence coefficient of water resource efficiency in eco-geographic regions of China

F6 ZEETHEBRKFERNAERNERT B WS

Table 6 Absolute beta convergence of water use efficiency in eco-geographic regions of China

RTFAE B
IR R it ZE(B) FrifEiR 22 (a) T K56 (H P g {E 2 XIS
Water resource utilization efficiency Coefficient Standard error t P>l Absolute beta
convergence
LEAR R
GEAE -0.015 0.015 -1.02 0.382 =
Comprehensive efficiency
4 Q- 73y 3%
AR 0.004 0.012 0.37 0.734 %
Technical efficiency
I AR 25 2
B 0.052 0.051 1.01 0.388 g

Scale efficiency

L34 o W BIORI 4 %ot B WALt SR vl A1, T ] A 25l T IX /K W 5 R P 43 4 20k 5 22 B B T S i 4 i, 1EL AR A8 o
5% 1) 25 8 R X ) 3 AT A AT AN S8 2 50 ) A 25 b 3L XK 9 R P 0 IX 2 S R/ N I A 2 DR A R Ak X
SRR ) 1R K X IR AT, S B R T X 255 R A A (0.452) B[R] 2 4F T (0.206% ) , FHT i 24 1) H:
AU R S H B X R R A (6 2) o AT DL, A 25 X K W 5 R P 2554 2003 DX ol 2% S 340 4 4 /N T 8 i
PRI AT B2 i 50 X R A T (IR RIOR XS AR I | 4% 2F A b 3 XK B2 05 R FHRCRATIAEAEAR KA T T .
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FRAE 20 (4) X 4 A= A B X R4S A A M B X A 7 250 B USR5, 75 % 2007—2016 44 25 L L IX 7K
G A ORI AR ST A A T, O T 38418 i LA AR R Statal5. 1 B8 5 1 A 5000 49 51
SR FFY 361 52 0 17 A5 7R R ol ML 2550 7 4SS AR 0E A7 4R P [0 05 DA 2k 1 B W S AR B, I o T AR AL 45 SR R AT S B
(Hausman ) £ 55 , AT IR 255 P EY/NTF 0.01, B 4 E A S M X 45 A S IX A 2R B R0% BB ARB0R
FHUSTRHOR A B SIS 36 1 1oy 5 240 S {5t , BV 4 B AL 80 A TR | 32 37 [T e RIONE B TR | fh 2 B Bl s R
AT, 4 ] A 2 b 3 DRI 5 A 25 b B XK B8 IR I RCR 254 B R Tl ok TORRIZKSE R B ks
B (3R 7)), BDBIFEAE WA 10 2 B SR, 3K — &5 R 2 W 4 ) A 28 b 3 X R 4% A 25 b B XK B R R FH 285K
AR ARBCR AR — BHE H SRR AT,

CEGRUR A H AR SRR RSO FEAN R (3 7) , 4 B R AR S M B X (R 25 B R B 1 26 A 1Y
PRRE L R, A4 UK GEIRZEA R ROCRRREE T W, X sk (] (4 25 BE AR 24008, SR Pl 4524 25 i B XK 9% U
FIFHSCRAE WS B 5 R 3R 25 57, £ B ORI IX 322 BE TG 12 58 4 Bk, [RIARE DX S 4l 1 AR ROR RIS AR 22 ]
ZERE AR A AN 2 TC PR A, B LAZK U5 AR 38 A 2 b 3 X ) 2 R A RR L A7 AE

®7 2EREZMHEBRKFENARERNEME B B

Table 7 Conditional beta convergence of water use efficiency in eco-geographic regions of China

ey N LEAS S S 2R X S 5 S AR A X
KWK ” WATREK TR B PRI O
i X 35k - . The temperate . The pattern of
Water resource The temperate The temperate . The temperate . .
o . The eco- . k o ) sub-humid . K subtropical humid
utilization efficiency . . arid region semi-arid region . humid region R
geographic regions region region
LRERCR -0.482 """ -0.601 -0.440 """ -0.636 """ -0.802 """ -0.644 "
Comprehensive efficiency (0.003) (0.000) (0.000) (0.000) (0.000) (0.000)
A AR -0.508 *** -0.696 *** -0.702*** -0.503 *** -0.753 *** -0.577 "
Technical efficiency (0.001) (0.000) (0.000) (0.000) (0.000) (0.000)
FUBIRR -0.402 ** -0.541*** -0.319 """ -0.934 *** -0.984 *** -0.590 ***
Scale efficiency (0.010) (0.000) (0.000) (0.000) (0.000) (0.000)

sk w v BBIFORTE 10% 5% 1%KF FBE 1S WY R PR

4 itig

4.1 JKGEIEH BRI A A A R

ARSCHFFERIW] , 3 2007—2016 47 5] 4 [ 7K B2 IR T 25 5 RCR A T RBSCRARES | Bl A 1] i IR 52 5 e 3
AR AR 2 5E P REJS BT AR A S R BRI AE BRI P s 6], B A FH AR B R Ak
TABCRE C RN R 2L 52 F R SRl B8 i /K BN FTZ8CR N33 J7 ik Ra AR 97 NORE 25 DR 3R Y 22
St KRR IR B )28 St A B TR) 54 I A e 3k [ /K B8 R 803 3 25728 Al A7 7 B 1 43
T o AR v R ARV SO AR I ST A5 S, 2007 A7 LRI /K BE VR A ROR A T R, 2008 477K B TR
FPEPRFHIEE 2007 4F H B T B S3ORAE R s 1R 7K BEHEM ISR H B — 403 i, L A Bk 4 il
FEliE 5 T i TR RT3 IR R M PR R R E L, 2007 AR AR A AL, N TR EE
TEEIR, S A 75 BURFHE IR R 98 43 1] 17 R Al S0t 2 R B A Tl ik S BOUE DR AL, BT
ARG FHIBCR TR AR SR FREAF G IX — 2518, ikl WL, 2012 AR AU fa bl , A Y B0 SpL R
PR ARG Bl BT IR E A i, v] B R BOK BT IR HIBCE MR B R B — SR, 2012 4F
1 H 3 1 55 Be i A € 5% T 5247 fre A K B IRV B B2 9 SR L), AR 2 17 3t 6 oK BRSO 6 R K B8R DA K
TR BT, 2013 ARZE5F ARSI SO, LB o 22 TR0 B Ak 2 o bt B B8
FWIEEETT A E R ETF R BR T A, BT ahlE, BT 58 B0 15 f ™ /K BT IR B B2 15 24 250
T, AR BHE A HBCRFEAAR T, 2012 4F R 2 FEUR BHE A AR AL ) 75— 20 Fa
4.2 KGR PR =S 8] o A Ak

H R K BT ISR AR A7 A S 25 1) X2 5, IO T I 3 /K W U P 803 2 I 20 A R ik - F 5 2 22
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FEPTELGERIZR DY = RSl | th T = RS Al T ab 22 5% K e B Be A7 7 W1 2 25 B, /K B J0R F A0
I S 2 R M T R TR] FE 2 R RAPAE 22 5 (ELE AR 1 SRRV AR R i A A A R AE ) R K b X
FHOK G A 5 2 B A Fe e BE ELHEAR O, T 5, 285 A FR AU A9 K BB L, 2 5 e S 31— e kP )i,
IR LB AR T SR TR 2 3 Y AN () ] R it DX ) FH K R0 v AR5 22 55 R JRR K AN B AR G Tl
KGRI BIRE DIAR G, HK B TR AR 5K B BT U DC OGRS 7R b P = K& B i )
o3 FE RS T I PRI K SR /K5 R R AN ] XK B8 PR M AR 5 2 55 R K IR TE ARG & 1%
N RERUEE TR A TR AT X2 S AT TS A RATAE 22 50 B BN e ) A 25 B DK B 50RO [ A R
A S 1] S B AR 2t B X R BT UM 2845 280 22 B 5 DS Tl 5 DOt~ R DX > iy
T DX > VB 8 T X8 3 A4 ey, RIS 3R 0 5 By 9 I 1) 2R R 75 1] a8 0 ) 25 [ 0 AR AIE 3K — BT 9T 4%
SRR T 51 3 A 25 b 2 DX T /K B R TSR (B 0 e, 3 W B A 2 R a5 1 i s S5 1 AN i
5, RIS T I Ak i XA A 3R SR+ 5 /K TR AN S 2R, ] DK U2 B =, TR e 38, 7K BT
BRI 05 P B, SR T K B UM AR il
4.3 JKBEIRAFHRCRE i R =R

AR CR AR 3 T K G IR 255 RO, SRR BRI R S 3 ORI E PR IN 3% HL
R 26 TR ol T B () P, MBI R S A R T A5 /N2 e S 45 1 A g v B3 T K e R AR AR 2
SR AE AR T2, P kK G IR AR DL AR B A8 T7 55 7, IR AL BEH A IK - 1
ey, 4 iR K TR S A R K B IR BOPRERAN T, A, 00 I 32 T T A 8 20 3uk i 7 B ) P A S JE A%
WA ACWFESE R BE— IR, AL BOR BRG] 276 4 B T 7K B8 P HT8CR AR AR P i B i, iR
RSB ARl N2 B G ORI 32 2 i A 5 A 2 PR X ) B AR SR ) R 22 e DX ] 25 45 303 22
B, R T B IR K B IR 83 B AR K P (RS A AR AR T PR 5 A [] A2 285 3t L XK B R P £ AR e IR A
AR AZ AE AR BRARFIAUCR B R WA A B AN (8] 3 7K 9 M) T A2 AR 22 BRI SR A 52, 22 o i Jjg K
S TN E A S BT KBRS R R Y A B BT R TR K B
ISR BAT B 0 X 28 57 | 3 22 S R 3R AR R 55 R K 7 A K B IR BEE R K- BURF R M
Ty A S R 2 AN TR b DK B RO A R AP AE 22 S

5 #ig

ARICIETF 4325 DEA AT I T rb 1 A 2 b B DX T K S AR RS, e — 28 0B T /K B IR R 2GR
Wh2s o0 SARIE, BEEESBWTF .

(1)2007—2016 4F-H [ K GEIE A FTRBCRREAR AL TL2R-5 AR SR AR B S80S ROR (H BE R
] 254k BAT AEAR R 22 5, 2007—2012 4E 3 30 T K&, 2012—2016 4E 3% 8 EI- (H SRS g R/, 4l RaeR
SR 24 R I 4 AR GEIR A 2R B R0R A S AR i e PR R

(2)2007—2016 44 25 M B XK B A FHRCR BAT X0 25 Sk, AR+ 5 AT+ 5 X A 2+ 5
X LR RCRI R, RN RIBRER IO, AR AR R S M 255 R 1) 32 T DR 28 5 ARG T 190 i ot 2 1 X
T DX PR X 25 B ORI, 2R S AR TORL, S AR BT LR 2R 1 s i A g v
G A 2 P DX R R FH 255 B 30 X 2 B T2 s fh XS A AR RR 22 57 3

(3)2007—2016 4F-A= A5 M3 XK BEE A I RBCRAAAEZS B S5 oot . 2R B RCR S IR T2 XAk T2
DX > Y 2 0 X > YR A JE T X > S 34 JR T DX R A S, BDR%% 26 B1 R Hh VA L 1) AR F ok ik 1 25 [R] 0 A 4l b R
R EVIRAR O IR AT T 5 X RS 5 X A TR X AT 20 X HGH IR X, ROR(E 22 57 K
23 [A] 3 A AN B3 5 RIUSSI0R H v SRR A R 2 0 DX IR Y DX ety 5 X S A YT DX Ry
TR ROR(E 22 5/ H IG5 25 [a] 43 A FL A

(4)2007—2016 4FAE: A MR XK BER A ER G RBORAAAE o WL, A BA 34Xt B LBk, 275 3R X
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S22 B TR 4 N 2 R PR R R DX IR AR (AR DX Sl 2 A 2 M B DR A5 2 25 M B X J
F AT B WS, HOK B IRA LR & ROR SRR R FIRUBRCR A ST B B fipiRasads.

22 3L R ( References)

[1]

(2]

[3]

[4]

[13]
[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]
[23]
[24]
[25]

[26]
[27]

[28]
[29]

AR 0 R 3R A AR S RR BE R 2017 b AR SRR RO O 2 i dE BT hup://www. mee. gov. en/hjzl/sthjzk/ zghjzkgh/201805/
P020180531534645032372.pdf, 2018.

Veettil P C, Speelman S, Van Huylenbroeck G. Estimating the impact of water pricing on water use efficiency in semi-arid cropping system: an
application of probabilistically constrained nonparametric efficiency analysis. Water Resources Management, 2013, 27(1): 55-73.

Higuerey A, Trujillo L, Gonzalez M M. Has efficiency improved after the decentralization in the water industry in Venezuela? Utilities Policy,
2017, 49. 127-136.

Lombardi G V, Stefani G, Paci A, Becagli C, Miliacca M, Gastaldi M, Giannetti B F, Almeida C M V B. The sustainability of the Italian water
sector; an empirical analysis by DEA. Journal of Cleaner Production, 2019, 227 1035-1043.

HAE, ARE, SR, M, B, BB, S, 7 R A A AR K R TSR R S HE I P . AR AR, 2019, 39(24) ¢
9068-9078.

XU, FEIT, SRARE. BIAUAT AR BHRAURRCRIES. HEAD - BHESEREE, 2007, 17(6) : 60-65.

R, I, SRME. R E TP DK AR A S A SRS R AT TR IR S FR B, 2017, 26(2) : 159-170.

AR, FAEE, AR, ATHREE. e E PG T OK SRR R ROR RS R R AR SRR R B, 2017, 33(11) : 961-967.
Buafua P M. Efficiency of urban water supply in Sub-Saharan Africa: do organization and regulation matter? Utilities Policy, 2015, 37 13-22.
See K F. Exploring and analysing sources of technical efficiency in water supply services: some evidence from Southeast Asian public water utilities.
Water Resources and Economics, 2015, 9. 23-44.

Nazari B, Liaghat A, Akbari M R, Keshavarz M. Irrigation water management in Iran: Implications for water use efficiency improvement.
Agricultural Water Management, 2018, 208, 7-18.

Romano G, Guerrini A. Measuring and comparing the efficiency of water utility companies: a data envelopment analysis approach. Utilities Policy,
2011, 19: 202-209.

Pointon C, Matthews K. Reprint of; Dynamic efficiency in the English and Welsh water and sewerage industry. Omega, 2016, 60: 98-108.
Alsharif K, Feroz E H, Klemer A, Raab R. Governance of water supply systems in the Palestinian Territories: a data envelopment analysis
approach to the management of water resources. Journal of Environmental Management, 2008, 87(1) : 80-94.

Lee S O, Jung Y. Efficiency of water use and its implications for a water-food nexus in the Aral Sea Basin. Agricultural Water Management, 2018,
207 80-90.

Sun C Z, Zhao L' S, Zou W, Zheng D F. Water resource utilization efficiency and spatial spillover effects in China. Journal of Geographical
Sciences, 2014, 24(5) . 771-788.

Song M L, Wang R, Zeng X Q. Water resources utilization efficiency and influence factors under environmental restrictions. Journal of Cleaner
Production, 2018, 184 611-621.

JEld, JEL AR AR E KB IER AR AR [R] R G 0 BE R R . 2003—2015 4. FARBTIRAEHL, 2018, 33(7): 1103-1115.

ERA, BRAE. G IRER 3 I T DORBCRASRT . R85, 2018, 38(10) : 3692-3704.

P, AR, R LT CRITIC-TOPSIS-JK (G100 1 ok BEIRA FBCRIRAS. 19K HERE, 2018, (11): 73-76, 80-80.

Guan X J, Sheng X L, Yu M. Evaluation of water resources comprehensive utilization efficiency in the Yellow River Basin. Water Supply, 2016, 16
(6): 1561-1570.

e, g, Eu, Jfar, shar, SR SUHSETT I KRR O SR oK I DC R, AR, 2018, 38(12) : 4245-4256.
BRVK, DEEH, Rarr, BRT. BRI R -5 K BEIRR AL S R AFSE. MK 240, 2016, 35(11) : 7-12.

Fhm, AR, s, OUR TR K B IR ORI EER A, IR BT S5 P55, 2018, 27(6) : 1251-1258.

SKIRTT, TRAGEE, MRS, e il R E UK B IR TR A ——2E T AR DEA-Malmquist-Tobit 75 3. {1 R 242242
A2 RERT, 2018, 20(4) ; 60-66.

XIS, TEMRIER. JE TR A 25 AT 74 /K R R F 803 B il DR R 5. K SRR, 2016, 32(6) « 32-38.

R, B, AW, RO, RSB, RBEAR, REAREE. BT RO A4S0 T B VLR A K B IR A IO, AR A R, 2013, 33(5)
1636-1644.

ESE, FEHSC, BRETHET. SR TG SBM BRI A JUR BERBCRI L. SEit 5Pk, 2018, 34(21) : 103-105.

Shi T G, Zhang X L, Du H R, Shi H. Urban water resource utilization efficiency in China. Chinese Geographical Science, 2015, 25(6) : 684-697.

http ; //www.ecologica.cn



7478 JAE = 40 4

[30]
[31]
[32]
[33]
[34]
[35]

[36]
[37]
[38]
[39]
[40]
[41]

[42]
[43]
[44]

Ewth, ¥, B85, BV, A& DEIRE O E ST K SRR HBCR . B, 2018, 36(2) @ 55-60.

FEME. GEARF A K EK G EAHBCRHF. TRXFEE SIS, 2014, 28(10) : 164-168.

U, B, AR, A SR X EURGEM LLET. MR, 2003, 58(5) : 686-694.

Tl AR, Rt P EMA SRS, ARREER, 2002, 12(3) . 287-291.

Banker R D, Morey R C. The use of categorical variables in data envelopment analysis. Management Science, 1986, 32(12); 1613-1627.
Harrison J, Rouse P, Armstrong J. Categorical and continuous non-discretionary variables in data envelopment analysis: a comparison of two single-
stage models. Journal of Productivity Analysis, 2012, 37(3) ; 261-276.

ZEE, #FHS . DERMAES L 2SS E s RIRESE T, ST igg, 2019, 35(2) : 91-95.

SR, WS, BB RIS bR XA SRR A RIS ZE. ROl R4, 2019, 24(2) ; 202-214.

AR, DA, B RAL. 5T SBM-Malmquist £E 77 S48 BUBIAL () rp K 98 IR 40 G A0R AR S 5. BEUERLS: 2018, 40(5) : 993-1005.
RT7, SRR, M. T EDK R FARRE RSk K b, RKITRHEREBEHE, 2017, 34(1) : 30-39.

FE g, R RS R B BSCRITIE. T S IENTSE, 2018, (2) : 97-110.

BRICHE, BRXMHS, kT, ETC, TR b E Mg R DL SR T K R U AR AR B s A R A BT K R AR RRIESE, 2018, 25(2) .
354-360.

g R, RS, RAkE, HPE P ELBLAERK R SR bR 25 BRI R BARMR. WIHRF, 2012, 34(5) : 794-801.
BRICHE , BTG P K BRI AOR X 25 5 SO R E ST, ThELNE - IR S EREE, 2011, 21(2) : 54-60.

gk, Rk AR EDK R IRT R B, KRATS, 2013, (11): 12-18.

IR, EAE, . BT TRIA B R B R SRR S %, 2002, (20) : 34-44.

2k, BRA. hE 31 4T 2010 4K BHEBA S AT, BEERN:, 2012, 34(12) : 2274-2281.

e, EEEE, FESR, MROTRR, SRS B = AUNK BRI S A TR K i sh A R . R RNE S5HER | 2016, 39(6) : 187-194.
FEmede. Jbnti N AR S K=l 25 R A K B IR fsg . K EOREERL , 2014, 12(3) « 48-52.

MR, B, AR K B IR T S 3T (R, 2018, (7) : 4-12.

Pte. -3 5 K BEER AR DGR 408, ThEIKGZ , 2015, 15(8) @ 160-161.

ATHEATE, XUFSIHE. rh DK BEIRRCR B X 8025 5 S el IR 40 #. 205, 2017, 37(7) : 12-19.

TN, BIEAE, T, HIEAES B= HAA Bk s TR FH R0 S R 3 I8 i 5 ——35F SE-SBM 5 Tobit AR5 52, e A - ¥
JH5¥REE, 2018, 28(1) ; 157-164.

iR, #EE, SKAkE. RS B AOK SRR FHSCR BGE M RO, hEAD - RWIESHEE, 2012, 22(10) . 35-42.

http ; //www.ecologica.cn



