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Tab. 1 Calculation and explanation of main indicators of spatial correlation network characteristic analysis of
urban water utilization efficiency
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B IR T4 ) (P E T g L) LA A AR ARG 1 [ R &0 51t
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Fig. 1 Yangtze River Economic Belt
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A5 F Frontierd. 1 F217, MKHEREALETIR AL 7= sk (3) XPHCYTZR5HT i 7K B8 R A
FRCRIATIE, SEATEE R MR 2 R, Hip, 28225, = 0.8839, JfHIE 1%A1KF
TR, UIZER LSRR R, 1B AR YT 25 T A SR ER R )
FERCA AR

TR EBR A, AN SO 2009 4F . 2012 4F . 20154F . 2018 4F [URCRIE, 45580
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Tab. 2 Parameter estimation results of stochastic frontier analysis

N e RAUSRAN T Ll D e
Al THAs i - — - —
FHE t5E T FHE (G
TRHE 0.9478™ 4.8704 1.4348™ 15.7502
InK., 0.4279™" 28.5940 0.6094" 39.7012
InL; 0.1127" 9.0604 0.1535™ 9.6623
InW, 0.2715™ 15.8888 0.2493™ 18.0460
MG % 0.0809™ 8.2248 0.1664
PR AR 0.8839™ 94.5326 0.9100
RPERISR eR 724.9501 -95.4548
BLSR LLAS 56 B 1640.8010

W T IERRAE 10%, 5%, 1%H B MoK SE i 4656,
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R3 KIIZFHEHHKZRANAZLERNELR

Tab.3 Measurement results of urban water efficiency of the Yangtze River Economic Belt

W 20094 20124F  20154F  20184F Wi 20094F  20124F  20154F  20184F
g 0.762 0.787 0.809 0.830 | e 0.379 0.425 0.470 0.513
F I 0.507 0.549 0.589 0.627 | EET 0.613 0.649 0.683 0.714
T 0.872 0.886 0.899 0.910 || FEPHT 0.567 0.606 0.643 0.677
M 0.592 0.629 0.665 0.697 | R 0.314 0.360 0.405 0.451
HM 0.628 0.663 0.696 0.726 || T 0.436 0.481 0.524 0.565
piR)ini 0.982 0.984 0.986 0.987 | Kl 0.472 0.516 0.557 0.597
aptility 0.707 0.736 0.763 0.788 || FHIMTI 0.391 0.437 0.481 0.524
HEAWT 0357 0.403 0.449 0.493 || HEXITT 0.465 0.509 0.551 0.591
WL 0.369 0.415 0.461 0.505 | BT 0.401 0.446 0.491 0.534
E ] 0.699 0.729 0.757 0.782 || BEMTI 0.339 0.385 0.431 0.476
EZL It 0.642 0.676 0.708 0.737 Kb 0.637 0.672 0.704 0.733
FHYTTH 0.560 0.599 0.636 0.671 FRUH T 0.450 0.494 0.537 0.578
ZeIM T 0.748 0.774 0.798 0.819 | JHET 0.416 0.461 0.505 0.547
TEET 0.471 0.515 0.557 0.596 | fpHT 0.523 0.564 0.603 0.640
Ll 0.701 0.731 0.758 0.783 || HBFHTH 0.348 0.394 0.440 0.484
T 0.739 0.765 0.790 0.812 | AT 0.572 0.611 0.647 0.681
T T 0.773 0.797 0.818 0.838 || P 0.740 0.767 0.791 0.813
F4 0.632 0.667 0.700 0.730 || MR 0.489 0.532 0.573 0.611
WM 0.514 0.556 0.595 0.633 || AT 0.326 0.372 0.418 0.463
a6t 0.686 0.717 0.746 0.772 || Mk 0.454 0.498 0.541 0.581
it 0.863 0.878 0.892 0.904 | 2JETT 0.454 0.498 0.541 0.581
T 0.417 0.462 0.506 0.548 || KT 0.573 0.611 0.648 0.682
Sl 0.377 0.423 0.468 0.512 | Akl 0.504 0.546 0.586 0.624
fM 0.598 0.635 0.670 0.702 S 0.481 0.524 0.565 0.605
A7k 0.486 0.529 0.570 0.609 | ZEETT  0.284 0.330 0.376 0.421
AHeT 0.432 0.477 0.520 0.562 || YT 0.388 0.434 0.479 0.522
JEWT 0.382 0.427 0.472 0.516 | f&EpHT 0.395 0.440 0.485 0.528
I T 0.271 0.316 0.362 0.408 | ZRpHTH 0.326 0.372 0.418 0.463
HEpg T 0.266 0.311 0.356 0.402 | JUoCTi 0.167 0.206 0.248 0.292
ST 0.303 0.349 0.395 0.440 || ETT 0.332 0.378 0.423 0.468
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Fig. 2 Spatial distribution of urban water utilization efficiency in the Yangtze River Economic Belt
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Fig. 3 Two way spatial correlation network of urban water utilization efficiency of the Yangtze River Economic Belt
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Fig. 4 Density and connectedness of spatial correlation network of urban water utilization efficiency
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Fig. 5 Efficiency and hierarchy of spatial correlation network of urban water utilization efficiency
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Fig. 6 Centrality of urban water utilization efficiency network of the Yangtze River Economic Belt
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Fig. 7 Spatial connection of four plates of urban water utilization efficiency network
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Tab. 4 Spatial correlation of urban water utilization efficiency plates
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Tab. 5 Density matrix and image matrix of spatial correlation plates of urban water utilization efficiency
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F6 WHAKFEREFAMERZEXRBEMELMERSTEH
Tab. 6 Description of influencing factors and variables of spatial correlation network of
urban water utilization efficiency

A5 i A R AR L PRy K it I A 3
Distcity  YRUTHOHRSRIME 0T 4 Rk 1) b B QB A Geoda i H 5.

Pgdp A GDP IR AT j 32 GDP 22 {H M 26 4 B rh EIR T A AR
Indus P2 T AT 55 el B o b 2 (R R 45 R P E T G AR
Infor 15 B T FIRTTT 7 EI ) Bty e A P B2 1 I 46 i r R X AR D A 2
Exp XA RCRE BE T R j 0 LRV GDP H TR 25 238 K 1 o X IR 2 T GE AT
Tech FARB KT T R j 6 B A B (L P 4% L PR G AR 4

R7 WHKFRFALEZEXEMEZMEZE QAP EIAER

Tab.7 QAP regression results of influencing factors of spatial correlation network of urban water utilization efficiency

ARG 2009 4= 20104 20124 20144 20164 20184
Disteity 0.1232" 0.1227™ 0.1305™ 0.1278" 0.1274™ 0.1288™
(0.0183) (0.0188) (0.0187) (0.0192) 0.0191) (0.0194)
Indus -0.0311 -0.0325 -0.0307 -0.0286 -0.0359" -0.0308
(0.0012) (0.0013) (0.0012) (0.0012) (0.0012) (0.0012)
Exp 0.25617 0.2592" 02500 0.2449™ 0.2494™ 0.2445™
(0.0060) (0.0059) (0.0060) (0.0059) (0.0060) (0.0060)
Infor 0.0170 0.0101 0.0128 0.0200 0.0148 0.0201
(0.0041) (0.0043) (0.0042) (0.0042) (0.0043) (0.0043)
Padp 0.0755™ 0.0755™ 0.0729 0.0644™ 0.0710™ 0.0692"
(0.0058) (0.0059) (0.0058) (0.0059) (0.0059) (0.0059)
Tech 02127 -0.2108™" -0.2053" -0.19727 -0.2060™" -0.2038™"
(0.0005) (0.0005) (0.0005) (0.0005) (0.0005) (0.0005)
WEAH 11342 11342 11342 11342 11342 11342
Rt I 4 YL 6000 6000 6000 6000 6000 6000

VB AR RECURUEL A R EGT7I30R 10%.5% 1% 825 KT 365 EUE 3R bRl

AR BATEA | BRGAA U, A sh i SEADK AR 2T I, 2957
K JEIKATAE— RE ZERE I L B2 5y 123805 B sl SRR RCRIE T, i insie 1
SRR GEIRA AR B 2SR OCHREE . fRJm,  DXSRRTAMIFHORE RE RO AN W B2 T mT LA T 45 1
IKEWEE S . R SEREER, R HUK BRSO 2R s ) B 2R3, PR
XPANIFIORR BE 2 S AN, A1) B 28 Bras iy X AN TFROK P 3 T i) AR T T X 3
AKIEA RS, e K SR TR 25 [ SRS Ry . ) BOARAIHTK 2257 2
WO oo, UL XY AR 7 5 2K . R BORFFAERRZERE, BRI A At —
YIRS BB FK ERTT RESCHEVE K . KBRS 54, AH T KB IRA
BORA FRIR ML . O kgt 2z . HEMAKPFERIIARE, “HIFRRH
SR 7K LI FHASR 23 18] S R 25 O HE Al

6

ARSCAE ZRGEIN BE A T2 B SR K BN AR A A |, SRS 1 IR 34 1 H
ZSISCIHROC AR, MR R ST K B IR AR 1 s (] OCHR R 2%, LT,z A2 M)
%M 100 LR (A 0 28 25 48 5 SR I SR EA TR, B, T QAP [l 7 43 #r
PR T IR /K B PRA PR 23 (8] DGR R 28 TR L] o WP D RILZRHR 1071
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M2 S LA B3R R B IR AR AR B AR 1, ARSI IR 2.58% , [ELRE KA1 4R fi
ik, HEBURBR A2 [50S4 e, ERAI Fe>rhiie> B, @ KITastimik
G HIRCR S B B ROE AR AL, RIS e, BB iy alis v, JF R 2 B
WASERBIT o SR, 10 4F[H] AR R 2 3 BE X {E O 0.1118, AL FALROK-, [RI,
TR N B, AR FaE e A, @ Er e X iy oIl i & 455 AT
. P WEEEZEN, B ChoMm AR O B Be—il g ZSE
SMHRIE, JUIDA L BAT, OB . NSO M RO e, B SRS
K G R 23 A RN 4 . @ A MRl S AL RAT A = AIRTTRE . T b ek iy
RE L BGHIR T RER AR E, b, AR T Dy U FA2 AR AR, BRERIN W AR
B, M MRSV ¥ X ji) g HH AR o Ade T A B TR 53 24 Fhy R = i DX B Tl
AL, IR RAE AR 26 b 40 T i AT 3l Bz, (L HOK BEHRA AR Sk
WIZEATS IR N R SC RO T, Al RV AT R BeAh, A T2 A f e (o7 8 (9 ke
IR A AR U B G AN AR T LS | AR IV AT 7K SRR S8R 25 Tl S e 2%, i
Be VB NG, & MBEZS AR TE . S8t KK 225 . WAMT R 22 57 |
TORBIHTK 22 555 PR DX A5 28 A 2 PR B0 VLR 5 A 3 T /K 9 D) PRS0 3 1) 56
HR P28 BT A R, I Db A 22 5 | BAKF 22 R R B3
ST LRSS, RHBORAR . O KICEFFRmK SR IR B4 T8
KA, AEHAS DGR OC R M2 A% SR E AR B, K BEIER TGRS AU T A Bk
T PA BT A T K BRI FNBORE , i LS 5 Gt P G AU 3nl T 4 7K 8 ) P BRI R St
WM IR AR HIKBOR 1 E A RESZ IR T4t e o™ 1o [ E 8
Y, 3R NS TS A B AR 23 [R] SCHK R 46 OSSR, S TR DG TR R 245
B8 AT Bl BT Y S ) A S B AR AT R R A 3l T, 4 LN AT B A A R S A
o Behh, AT 38 DR HIK S K GEAS | R FIEOR SRR SR i Rl , i fie
JK 5 PSR AL i T B BRI A ety o ) X AN TR T /K B J5M) FHA803 14 s ) Sk
Mk, WEBRfESE © Llir—rhif— Tl LR RAERERS, ARG A AR R Ak M3 A
THRERAS [RI T DRI Ml B, DAISORE R o R s LT it 52 g Ak 9 b s 7, E—20
DUA g AR R B ALY, B B TSRS OER, JFEEY R
i tRYE L, SCELMRR A2 )i AR i B R A . BRICZ AL, 3B RSB ASZ S A i
A AT RE . T E— 250 S R TR AR B 18] 7K 5 5 M) A3 3R ) S IB T JBE RT3
@ WK XIME AR 22 N B 2, 2005 B IRAT TP | X 285 R 2R . X oh
1RO B A5 M DX 7K R 3 IR M 28 i SRSl 3R, HES 2% P AT 3l 5 i 2
Z IR HIKEA | FIRAAA S S BBl [FmE, T30 IR T 46 /8 D™l 254 5 B Ak
FERE AR EAKFAFT7 A 22, AT £ B A K 5 IR P8k o3 s ) SR I 245 4 JEE 1Y
[FIEE, B A Z m A FZKRCR M, K SRR FIRCR T HR AL 225 e 2 B8 12

2 %2 3 #f (References)

[ 1] Water Resources Department of the People's Republic of China. China Water Resources Bulletin. Beijing: China Water
Conservancy and Hydropower Press, 2009-2019. [} A REALFIE K AR, i EK B A 4. dbat: rhEZKRIK 1
Jifkk, 2009—2019.]

[2] Qin Teng, Zhang Hengquan, Tong Jinping, et al. Water resource constraint on urbanization in Yangtze River Economic
Belt. China Population, Resources and Environment, 2018, 28(3): 39-45. [Z& 15, T 1H 4, 4443, 55, KYLAUFr i
A RE T K BRSOV 38T, L - BRI S 308, 2018, 28(3): 39-45.]

[3] Sun Dongying, Wang Huimin, Wang Sheng. Application of social choice theory in decision- making issues on
transboundary water resource allocation conflict in river basin. China Population, Resources and Environment, 2017, 27



918 SRIISE A YT TR /K BEIRRI ISR A 2 8] SR 4 KT L) 2371

(5): 37-44. [PhAE, FERML, 13 A1 BB 7 T kit SR B3 U S SR Rl P g e . T LG - B S
M, 2017, 27(5): 37-44.]

[4] Lu Dadao. Conservation of the Yangtza River and sustainable development of the Yangtze River Economic Belt: An
understanding of General Secretary Xi Jinping's important instructions and suggestions for their implementation. Acta
Geographica Sinica, 2018, 73(10): 1829-1836. [i i, KIT KA SKITLTAF I AT FE L R L5922 il
R R SR VLB AR R R R S . M3 2= 4R, 2018, 73(10): 1829-1836.]

[5] Qin Teng, Tong Jinping, Zhang Hengquan. Construction and evolutionary factors of spatial correlation network of
China's provincial water resource efficiency under environmental constraints. China Population, Resources and
Environment, 2020, 30(12): 84-94. [Z/lf, {443, FfE 4. RELYTN oy [E 48 BroK G IS8T 25 1) IR W) 284 e A i
FEPER. R ELE - SR S5 5 05%, 2020, 30(12): 84-94.]

[ 6] Franczyk J, Chang H. Spatial analysis of water use in Oregon, USA, 1985-2005. Water Resources Management, 2009,
23(4): 755-774.

[ 771 Sohn J. Watering cities: Spatial analysis of urban water use in the Southeastern United States. Journal of Environmental
Planning & Management, 2011, 54(10): 1351-1371.

[ 8] Zhao Liangshi, Sun Caizhi, Zheng Defeng. Water resource utilization efficiency and its spatial spillover effects measure
in China. Acta Geographica Sinica, 2014, 69(1): 121-133. [#X RAL, #hA 7, FBEZIRL. Hh[E 45 BroK S8R HRCE S5 25 )
i L RAIEE . HB PR, 2014, 69(1): 121-133.]

[9] Zhang Guoji, Wu Huaqing, Liu Yezheng, et al. Measurement and the spatial interaction analysis of the water resource
comprehensive utilization efficiency in China. The Journal of Quantitative & Technical Economics, 2020, 37(8): 123-
139. [5K [EHE, SARE, XDV B, 45, b E K BT IR ZR G R PRI BE K FG 2 ) 2 B4 A, Bt 2 5P R 2 5FF AR,
2020, 37(8): 123-139.]

[10] Qin Teng, Zhang Hengquan, Tong Jinping. Water network management and key area definition in Anhui Province.
Resources and Environment in the Yangtze Basin, 2019, 28(6): 1304-1313. [Z %, FolH 4, /44 M. 284S K 4548
B SRR IS B KT 5 R 85%, 2019, 28(6): 1304-1313.]

[11] Sun Caizhi, Ma Qifei. Spatial correlation network of water resources green efficiency between provinces of China.
Geographical Research, 2020, 39(1): 53-63. [FMAi, Dhar K. 44 BroK B8 IR 4% (R0 25 0] SCIE 25 F 5% . 3T
7%, 2020, 39(1): 53-63.]

[12] Yan Ziming, Du Debin, Liu Chengliang, et al. Spatio- temporal evolution and generative mechanism of global
transboundary water resources cooperation. Journal of Natural Resources, 2021, 36(7): 1825-1843. [&iT M, #-{fa, X1
TR, . REREEBTKG IR A VRN 28 AR K AR AL, F IR PR IRA4N, 2021, 36(7): 1825-1843.]

[13] Zhai Chenyang, Du Debin, Hou Chunguang, et al. The spatio-temporal structure of international transboundary water
cooperation: Based on the changes of issue area and scale differentiation. Journal of Natural Resources, 2021, 36(7):
1844-1860. [FRIH, AR, fRADE, 55, R BRES FUKGEI 28 254 GUSPEIT S RUE 5. A ARBTIRAIR, 2021,
36(7): 1844-1860.]

[14] Fang D, Chen B. Ecological network analysis for a virtual water network. Environmental Science & Technology, 2015,
49(11): 6722-6730.

[15] Tuninetti M, Tamea S, Laio F, et al. To trade or not to trade: Link prediction in the virtual water network. Advances in
Water Resources, 2017, 110: 528-537.

[16] Tian Guiliang, Sheng Yu, Lu Xi, On the influence of water rights trading market operation on water resource use
efficiency in pilot areas. China Population, Resources and Environment, 2020, 30(6): 146-155. [ 5% K, &R, J5 0. /K
W2 5 idid A% a5 XK BRI ARSI FT . i L - e 5 308, 2020, 30(6): 146-155.]

[17] Qian Wenjing, He Canfei. China's regional difference of water resource use efficiency and influencing factors. China
Population, Resources and Environment, 2011, 21(2): 54-60. [£%3C 4, ZUal &, mr FE/K SR H) FROR X Ik 24 55 K 22 i
WL, T EAE - SIS 3RE, 2011, 21(2): 54-60.]

[18] Sun Caizhi, Ma Qifei, Zhao Liangshi. Analysis of driving mechanism based on a GWR model of green efficiency of
water resources in China. Acta Geographica Sinica, 2020, 75(5): 1022-1035. [#hA 7%, D7 K, X A 5T GWR #58
1 K G IR AR SR BR S HLIE. HFEA24R, 2020, 75(5): 1022-1035.]

[19] Sun Caizhi, Jiang Kun, Zhao Liangshi. Measurement of green efficiency of water utilization and its spatial pattern in
China. Journal of Natural Resources, 2017, 32(12): 1999-2011. [#hA"&, Zehit, 8 B A:. F K 0 Y5 2 100 385 300 35 I 25
[EIR SRR, H AR IREAR, 2017, 32(12): 1999-2011.]

[20] Gong Canjuan, Xu Chenglong, Zhang Xiaoqing. Spatio-temporal evolution and influencing factors of water resources
utilization efficiency of cities along the middle and lower reaches of the Yellow River. Scientia Geographica Sinica,



2372 i B 2E 774

2020, 40(11): 1930-1939. [FLAILR, # A, SKBET . BT T I ek i 7K 9 U5URI) FH 003 1) 2 Y 8 R 2 i [R 32.
HuFRRLE, 2020, 40(11): 1930-1939.]

[21] Zhao Liangshi, Sun Caizhi, Liu Fengchao. Two-stage utilization efficiency of the interprovincial water resources under
environmental constraint and its influence factors in China. China Population, Resources and Environment, 2017, 27(5):
27-36. [BARAL, FNATRE, XX BREE LT o 48 oK 98 IR B BRSO Bz DR RIS vh NI - B S B,
2017, 27(5): 27-36.]

[22] Zhong Liwen, Zhang Jianbing, Cai Yunshuang, et al. Efficiency of water resources utilization and its spatiotemporal
characteristics of Guangxi. Economic Geography, 2020, 40(6): 193-202. [ 52, 5k i 5%, 252550, 5. ) PR e F)
FHZCR ST 24 Jmy. 43 BB, 2020, 40(6): 193-202.]

[23] Gai Mei, Wu Huige, Qu Benliang. Water resource utilization efficiency and disparities in spatial correlation pattern
research in Liaoning under the background of new round revitalization of Northeast China. Resources Science, 2016, 38
(7): 1336-1349. [#538, S ERHK, MIARSE. B — AR ILIRDGTT LR 1 1L T4 A B IER) A% B HL 23 () DGR SR 5.
PEIERLE, 2016, 38(7): 1336-1349.]

[24] Lei Yutao, Huang Liping. Regional differences in industrial water consumption efficiency and its influencing factors for
China's major industrial provinces: A study of provincial panel data based on SFA. China Soft Science, 2015, 30(4): 155-
164. [75 FAk, BEH Pz 1 Tl K 33 B HE i PR 28 1 DX 2 S 05 - BT SFA 198 B i, o B Rk,
2015, 30(4): 155-164.]

[25] Sun Aijun, Fang Xianming. Spatial distribution and determinant of water usage among inter-provinces in China. China
Population, Resources and Environment, 2010, 20(5): 139-145. [#\E %=, J5 e, o 48 bR /K 3 A AR 1Y 23 6] 43
AAs R B 2. P LA - BER S EREE, 2010, 20(5): 139-145.]

[26] Kaneko S, Tanaka K, Toyota T. Water efficiency of agricultural production in China: Regional comparison from 1999 to
2002. International Journal of Agricultural Resources, Governance and Ecology, 2004, 3(3/4): 231-251.

[27] Liu Shuchang, Ye Yanmei, Li Linlin, et al. Research on urban land use efficiency in China based on the stochastic
frontier analysis. Journal of Natural Resources, 2021, 36(5): 1268-1281. [X31%, M-Hilk, 22K, 5. JeTFREVLRTHT 4
T 0 o R A 1AL FH S R AR RS . AR 2441, 2021, 36(5): 1268-1281.]

[28] Liu Chuanming, Ma Qingshan. Spatial association network and driving factors of high quality development in the
Yellow River Basin. Economic Geography, 2020, 40(10): 91-99. [XI4£ 8, Th& 111, &y 3l i o i % e 1745 8] Bk R
2% TR BR AR 2. 23 EE, 2020, 40(10): 91-99.]

[29] Liu Huajun, Liu Chuanming, Sun Yanan. Spatial correlation network structure of energy consumption and its effect in
China. China Industrial Economics, 2015, 32(5): 83-95. [XI/EZ, XIALHA, SNV . rf [ GEVETH 9% (1425 18] G R0 45 25 7
FRIE S HALST . i Tk 2835, 2015, 32(5): 83-95.]

[30] Nelson R E. Social network analysis as intervention tool. Group & Organization Studies, 1988, 13(1): 39-58.

[31] Huang Jie. The spatial network structure of energy-environmental efficiency and its determinants in China. Resources
Science, 2018, 40(4): 759-772. [¥E 7. P [E GE IR IR 52 5005 19 25 18] SC R X 45 285 40 S g i PR 2R B R, 2018, 40
(4): 759-772.]

[32] Wang Shengyun, Song Yaning, Wen Huwei, et al. Network structure analysis of urban agglomeration in the Yangtze
River Economic Belt under the perspective of bidirectional economic connection: Based on time distance and social
network analysis method. Economic Geography, 2019, 39(2): 73-81. [ 362, ARMET, JHIH:, 25 XU R U T
TG ITTIRE P 4 Sl h S [ E 2 Nk 23 25 43 1. 2033, 2019, 39(2): 73-81.]

[33] Freeman L C. Centrality in social networks conceptual clarification. Social Networks, 1978, 1(3): 215-239.

[34] Liu Jun. Introduction to Social Network Analysis. Beijing: Social Science Academic Press, 2004. [XI| 7=, 114> /2% 23 #7
T8, ALt ARl SR R, 2004.]

[35] Feng Ying, Hou Mengyang, Yao Shunbo. Structural characteristics and formation mechanism of spatial correlation
network of grain production in China. Acta Geographica Sinica, 2020, 75(11): 2380-2395. [, 1% FH, Wk, o
MR 723 (R IR I 2% [ 5 AL R IE B HE L. b BF4, 2020, 75(11): 2380-2395.]

[36] Shan Haojie. Reestimating the capital stock of China: 1952-2006. The Journal of Quantitative & Technical Economics, 2008,
25(10): 17-31. [FAZEAS. P FIEAER K A 1952—2006 4F. Bt 2 3 AR5 E5E, 2008, 25(10): 17-31.]

[37] Zhang Xueliang. Regional economic convergence mechanisms in the Yangtze River Delta: 1993-2006. The Journal of
World Economy, 2010, 33(3): 126-140. [5k2# K. £ = fHbIX 25U SO HAE FMLE: 1993—2006. 2897, 2010,
33(3): 126-140.]



918 SRIISE A YT TR /K BEIRRI ISR A 2 8] SR 4 KT L) 2373

Spatial correlation network and its formation mechanism of urban
water utilization efficiency in the Yangtze River Economic Belt

ZHANG Mingdou, WENG Aihua

(School of Economics, Dongbei University of Finance and Economics, Dalian 116025, Liaoning, China)

Abstract: Analyzing the characteristics and formation mechanism of the spatial correlation
network for urban water utilization efficiency has important policy implications for improving
coordination and efficiency of regional urban water utilization. In this paper, we take 107 cities
at prefecture level and above located in the Yangtze River Economic Belt as the research area.
We calculate the water utilization efficiency from 2009 to 2018 by using the stochastic frontier
analysis and construct the spatial correlation matrix. We also investigate the overall structure,
individual structure, and spatial clustering mode of the spatial correlation network of urban
water utilization efficiency based on the social network analysis, and explore the network
formation mechanism based on the quadratic assignment procedure. The empirical results
indicate that: First, the overall utilization efficiency of urban water is still at a low level, but has
improved significantly with the appearance of the spatial correlation network pattern. The
overall network has good accessibility and little asymmetry exists between connection pairs.
However, there are still some problems such as loose correlation and poor stability of network
structure. Second, the central cities in the upper, middle and lower reaches act as the main
undertakers and intermediary communicators, showing the spatial distribution characteristics of
"core-periphery" among the central and marginal cities. Third, the spatial correlation plates of
urban water utilization efficiency can be divided into the net spillover, main benefit and two-
way spillover plates, following the distribution characteristics of the urban agglomerations in
the Yangtze River Delta, the middle reaches of the Yangtze River, and the Chengdu-Chonggqing
region. Last, geographical proximity, economic development, openness, and other natural
geographical conditions and socio-economic factors have significant impacts on the formation
of the urban water utilization network.

Keywords: urban water utilization efficiency; spatial correlation network; formation
mechanism; social network analysis



