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VER I EE ™ e CHerp, S SIBRANAS S A 520, Tl [ 9% 7 45 B8 R Tl 34 BT 53 i e B 1 o % 77 4%
B AR TR B Tl AR 735 th ) A 8 BT 38 2010 AEAIAASMAR ) o ARINEE ™ 38 FRAT 3 30, 43002 Tl
PRI st T o . Tl K i A2 A i M A R .
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GML 550 TR 481 Malmquist T848, OGRS nRse s By . GEUR s 5780 T B0y E )
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3.1 FRIE TG EKERERERS D
T 2010—2019 4F W Ik 48 2% 1 M B, 12 F MaxDEAS.0 214k, Pe8E3E S ml R B 2R 7 Y ) B A% %
EBM AL Tl 4% (0K BEREICR, 45 R BB L3R 1,

F1 BARE TG EKEREEE
Tab. 1 Industrial green water resources efficiency in the Yellow River Basin
ARG Tolk K B IRRCE B

Ay (1X)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 BIfE

o 0.413 0.484 0.453 0.495 0.449 0.501 0.596 0.730 1.004 0.824 0.595
E 0.426 0.439 0.416 0.404 0.413 0.431 1.001 0.895 1.007 1.022 0.645
S 0.270 0.281 0.302 0.323 0.341 0.394 0.450 0.547 0.633 0.633 0.417
T 0.268 0.306 0.292 0.294 0.300 0.325 0.355 0.417 0.424 0.445 0.343
T 0.251 0.269 0.272 0.280 0.300 0.336 0.511 0.427 0.504 0.562 0.371
AR 0.641 0.598 0.712 0.745 0.778 1.001 1.003 1.010 0.854 1.007 0.835
iy 0.518 0.522 0.529 0.578 0.608 0.571 0.666 1.020 1.003 1.021 0.703
vy 0.561 0.605 0.769 0.746 1.002 0.760 1.031 0.954 1.013 1.019 0.846
Lyl 0.333 0.333 0.412 0.501 0.512 0.561 0.600 0.526 0.621 0.664 0.506
A 0.409 0.426 0.462 0.485 0.523 0.542 0.690 0.725 0.785 0.799 0.585

MR, 2010—2019 4F BRI Tl S (7K B PSR4 A2 0.585, 8/ T A RUKF- (RIRCRE

1), 2 BB AT LS AR Tl 2 € /K B R ASCR R TERCIRAS , AR S B Tl 28 55 5 /K R W 4 € ) FH 1 8 4
MR N 448 (X) 2R F, 2010—2019 s N 4548 (X)) Tl 2R ACF IR RCRIEAR /N T 1, (H I 2014 4FFF
G, B F o8 (1K) By Tl 2 o /K SRR A 2 A RORAS, HHBCR MR S RE iy« sug”
R WIAAE (X)W Tk g (K GERBCR AR 22 5, P BRPTRCRAE R 51 (0.846), T fA1%(0.343) .
MBS ] 2 R, BT S AR AR 1) Tlb e /K R IR AR AR T HEa%s, SCR(E H 2010 4R 0.409 $2
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F 5] 2019 4EAY 0.799, HiE 95.3%, Hid 2010—2015 4ER N A K, 2016—2019 4EIG Kb, X 5HE
FIFMAECR LA

Ay B WRAA BB I 3 Tl 2 € /K GRS R AR i R, il A AreGIS BFXT 2010, 2013, 2016 A1 2019 4F
AR AT LRI . ARAE R | BRI RCRIE S R 5 25, A3 RAIRRLR KT [0.001, 0.399], HIRECR K
[0.400, 0.599]. *H &K IKF- [0.600, 0.799]. H = 2% /K- [0.800, 0.999] Fl i 44 % /K - (=1.000) , H A&
Bl 1o AR REIKA- 4328, 2010 45 BRI A LRI B i eR K, Hads (X)) IRECE K A sk
FIK-AS i 2125 2013 A HSER AT R F ISR AT (X)) Bl 248 s, ARS8 (X)) Bl il
2016 4F BB ARk, 2548 (X)) BCRAKFHR FHIR BE R K, BERSCRKEA () B3 &2 3 4, IRRRKF-A
(X)) HA 1A 1 e AT L i T g JalRe AR DB € 2 A IR, e AR Tl S B K B A% R 2 B
#2019 A HRCRACE LA (KO0 2010 AR08 1T AR 74, RS RCRACE A (KOAUE F T
B, Hh i O e PRCEAKE . SR L, &4 (DKORCRE RS K G E, BB il Tk gtk 5 JHRK
RIRLR “HRISVGH” o A (X A R 22 CHARRCE I [ 5 B RME R 25(8) B 2010 4E19 0.390 2
= 3] 2019 19 0.577, & BB G0 0 A Tl 2 £ 7K B VR AR I R A5 B TE, 4 (X)) () 350R %5 0] 25 55
K.

N N

P %
1 .-\-l\"l‘_.. P qv
it AR
Yl Sl
i bR ) = ik
| o AL e,
Vi 10.001~0.399 W > ~10.001~0.399
10.400~0.599 e 1 0.400~0.599
' m 0.600~0.799 = == 0.600~0.799
= 0.800~0.999 - B 0.800~0.999
0 500 1000km — P 1.0013 0 500 1000km — 1.001(31
(a) 2010 4F T . P (b) 2013 4 f

mms

0.001~0.399
50 0.400~0.599

=08 = -0
= 0.800~0. .800~0.
0 500 1000 km . = 1.000 0 500 1000 km - = 1.000

(c) 2016 4F (d) 2019 4E
B 1 BB 2010, 2013, 2016 F1 2019 4E Tl oK BRIERCR 2s (6] 0 A

Fig. 1 Spatial distribution of industrial green water resources efficiency in nine provinces in the Yellow River Basin in 2010, 2013,
2016 and 2019

3.2 EARE TR EKERYERNS T

Rt — 2 B g A Tolk 2 (K G PSR A Sh AR ARRE, X BTS2 (1X) 2010—2019 4EHA
7 B BEAT GML H8 00 55 A0 70 fige , SR WIAR AT I BRI AR A5 B0 o AR HIE 00 B30 A 40 o B T A
2010—2019 AFE A IR PR AR 24 Ko 2548 (DO AR 2 Tl S (K B IR (36 2) 9 GML F8 5 gk 4



90 KoOH oK B L O RO¥ 2023 4E 10 H

F2 20102019 FEERARESFERRAE (X)) FHTWREKERFEYE GML IR #
Tab.2 Average industrial green water resources efficiency GML index and its decomposition for each year and nine provinces
(regions) in the Yellow River Basin from 2010 to 2019

M B (IX) IomL Igrc Icec IgpeC IGsec OB (3 (IX) IomL Igrc Icec IgpeC Igsec
2010—2011 1.051 0.980 1.073 0.796 1.347 Hol 1.080 1.056 1.022 1.003 1.019
2011—2012 1.063 1.185 0.898 1.176 0.763 L] 1.102 1.099 1.003 1.001 1.002
2012—2013 1.053 1.092 0.964 1.042 0.925 AEn 1.099 1.033 1.064 1.054 1.010
2013—2014 1.054 1.004 1.050 1.020 1.030 THE 1.058 1.051 1.006 1.002 1.004
2014—2015 1.056 1.037 1.019 0.924 1.102 Tl 1.093 1.045 1.046 0.802 1.305
2015—2016 1275 1.284 0.993 0.813 1.221 AR 1.051 1.056 0.996 0.998 0.998
2016—2017 1.056 0.971 1.088 1.135 0.958 1Ly 1.078 1.072 1.005 1.007 0.999
2017—2018 1.094 1.118 0.978 0.966 1.013 (S| 1.069 1.069 1.000 1.000 1.000
2018—2019 1.026 0.894 1.147 1.081 1.061 syll| 1.080 1.032 1.047 1.039 1.007

B 1.081 1.063 1.023 0.995 1.047 W 1.079 1.057 1.021 0.989 1.038

H 2% 2 AT 0L, 2010—2019 A BRI A AF 13 1) Tl S K BEIRACE GML 8B K T 1, ARG K AR
H 8.1% WIZAE LSS S dats iR BRI HE BB AR RS E 4B 73514 1.063 i1 1.023, FH
BRI Tk SR 7K B PR AR T IR TR R IED A R BB, He AR BCRAE AR BN e FARZCR
BRUMRG s, FUBCR KT | HA B ARSCR/NT 1, ISR ARRCR A 1 17 STk, (H4liH AR 3L
RIS ARRCR AT, 2B F )3 ICE AR Tl K BI85 AT T AR 50 K B R0 A B 0 HCR IR T L
B E A, (BHTF & RIS BRACEAIX 3855 . 78 2010—2019 4F 1 ZE0AEAY, S AR/ N T IR B
INT 1, BRI 2B AETE Toll K G VR A5 TR 26 FELAS K S8 IR AR R FH I AB I 76 =40 2 — BB b, D240
BRI/ NF AL EARZCR H/ANT 1, B AR S BH AR K FERACR LT, RIS, FoT N gl R
FUBRCR FUA 2 4RI KT 1, HOARAER S 5 “ARILEID% 7 AR o BT il a8 (A HU R AR R B L TR 4
IS ABAE B G208, AR R 4.7%, IR T K SRR AR #E— 28 K, $%
ARIELHEEL—F DL ARG (R T 1D R TFEOARZCEEIE S, RIS 4ED Tolk 2% (K B IR AR T &
BLOREN IR TR RS o FARRCRAIRS AR, S BB s Tl BT 1K EEAR TF 2 s g, Tolk%
KA R B R R, Tl FH/K S R A bt i o AR 2 53 A B 43 AT, 2010—2019 4 B0 3 i
S48 (O AR Tl S (/K IR 0% GML 48403 K T 1, Hirh il B GML $5 805 55 (1.102), 11 R 5 A%
(1.051), AT WL BT A e A 1 Tl (0 /K B ISR AR TH S SR, (B8 (X)) MR T U AP T 25 5 o BT
B4 (X)) BB AR A H8 50 TR R BCR AR BCEL R KT 1, i Tl 4 (K e PR R $E T A
FARM AL I ARBCRIL R PE, (H R BRI AR . A IR ARZCRIEEUNT 1, srfdim s st R
B FNRARCRERINT 1, R BT SIE AR ZCRFRUAARL  Pp R L Tk S K R BCR e T . IR Tk
GV Rk, R T A L, BT5 IR B, BARBIHAS A M A0 ) 7K 9 5 B 2 i T B 30 T
Ar SR K FRIRRCRE TR 52808 (K AR, N5 B8, DU =48 (X0 R AR BCRFE S & FHoR
HEALAREL, RO RFCRFE O L b =48 (IX) Tl G /K BERRCREE T Tk R . ol he RCRFe 50T
1, X P ST R PO AR STl R R A AR, UERHER T K BOAR, AR il Tl AK B85 75 YeHE ik
A BT R ECR; i R IUERCR ST I &, FAS 2 ARMCR ONT DR 2EERR, K X Tl
IRGEIR A BC E AR IR B R, Tk K IR FHAEAEIR PR, MELL R FE RIS . 25 1, 48 (X)) TR ar 2 4% B
ARSI 2 S X BUR, 1 8h Tl 2R (K BERACRMGE
33 MBS RS
R Tl 2f (K SRR IR S P 2, R T i Tolk 2 oK BRIz R I aT . 21X09),
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FH b FEERIN A5 75 () PR R B i, R BT 38 2010—2019 4F Tolb 2 (o /K S AR 1) F 2R S -+, 4%
HRULFE 3,

R3 HWIERNBER ISR
Tab. 3 Results of geographic detector model analysis
ANTRIARAT Tlk 2 €K SR AR 3R 2l PR 2 (1 3t AR I 25 3 4t SR S (.

T 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 ¥fH
X 0.314 0.467 0.552 0.744 0.291 0.321 0.375 0.475 0.684 0.318 0.454
X2 0.829 0.717 0.787 0.540 0.908 0.643 0.917 0.850 0.576 0.642 0.741
X3 0.711 0.425 0.664 0.770 0.723 0.607 0.750 0.850 0.586 0.923 0.701
X4 0.668 0.942 0.921 0.940 0.928 0.881 0.750 0.517 0.497 0.463 0.751
X5 0.550 0.475 0.429 0.463 0.476 0.393 0.417 0.142 0.428 0.224 0.400
X6 0.711 0.733 0.776 0.557 0.630 0.536 0.750 0.442 0.428 0.488 0.605
X7 0.796 0.517 0.653 0.736 0.476 0.821 0.444 0.633 0.368 0.438 0.588
X3 0.636 0.475 0.026 0.463 0.414 0.786 0.667 0.675 0.664 0.634 0.544
X9 0.325 0.525 0.698 0.220 0.846 0.631 0.444 0.067 0.497 0.097 0.435
X10 0.454 0.463 0.547 0.463 0.476 0.821 0.625 0.438 0.457 0.668 0.541

Fi B — A 3K 3l KO NHERF (BR TR R, BAR R A 1) it 2 > 0 >3RI > F A A
Fo AP (T HKEREE (x2) « AHZR B (x3) - BHEBTEHTKT (g) ) X ] 0T 2 (57K 5% P50
KBl 1 d5eik, KB e85 2 A SRR OK R EIR (x1) ) o IR FBH P AR, 412 TR X Tl k(o
IKGERACR IR B0 1 B sk R, Bt RS ] S B 8] “U” BURgTfh i s . ZBF I/ [ SR I RS2 Tz 45
FEAR, (R R s AT s A2, IREE 52 i 1A T ke, DEATIER R a2 3 40 #r, X eing s Toll S €K 5%
VB R AR Bl ) Btk B AT 3 TR AR SRR B K (xa) « Tl K ERE (x2) . AT ZE K (), BREN J1 85
SR (R BIETKT (x4) I8 75%, A WIITHEAR 5K 8h T B8 70%; S35 9K 801 1 S AR IR = 46 55 & S K
(xs) HA 40%.

H AR 071, HA KGR B (o) —A> g8 bR, HBRSN 7 B 3 i AR IE 2 S B2 0 3, AN TR) AR5 [
ZESERR, I BB AR B IR A A AN, SRR IC A, M X T K AN . T FARIAEE . Tl K4S
F) K IX 3585 7K REAR IR HE RS i 1) S it ) BE A AE 25 5, S B0 b XK BRI R T I 2 OR AN TR

#2071, Tl KRB (o) FYER BN ) SR SRR AT R 5, S e SR AR AE Tl P /K S B T
AR EEHIK . Tl KR B A s, AR R Tl =8 N /K BRI FE RO, Tk 4R (/K BERACR k. A1
B () ISR BN 1 B A3 0, B2 TH 2R KA B T35 515 AOULE, R 10 K B R AR H g ik A A3
P, R TRt R RS SE TG, dEmi T Tl oK B IEACR . BHERTHTKT (xa) B3R SN 1 2 564 )5 9
s DB R 28 PR A B i PR T K BOR AR J5, A K R e ORI K T G B 16 A5 Ul i e R T
G, AR TFREAR T A K RS G HE R, B K B IRRCR ™ A $E TR, (AR A K () 3R 30 )
IR R I S BB BB AR DG A S AR T M AL E AN 2

2R RO T, 22355 R SRR (s) BY K B 7 22T B34, A8 355 K4 i A 7 8 Tl & (oK 5%
PR IR T, BB o M IX 28 5% e e DA IAE V5 G AR, B8 Bk e e i G ™ o, 2% SR AR A3,
B Tl S (e K PR IRR R A SRFE 2 R, TALARFREE (x6) M TV AERARTE () AUBRSN )1 B B2 I #E 3, Tl
AR B Tl A AR B o Tl 25 S TH IR . (T AP R 0 i Tl e Jre st HL A SR Ak 38, 7l
TR 55 J5 6 Tl 2 €0 7K B WA i B 8l 1 2N RRAIR, 158 BH Tl Ak B Tolk 45 R S BUN IR S PE R R,
Tolb Ak R S 5 G Ty FARSS R g £ AR Ak, 2 /K 8 75 YL i 51 Tl 30 KSR B 22, (RFE K MK Y i 72
{E A B AR Tk I B AT, Tl N RS A 75 203



92 KoOH oK B L O RO¥ 2023 4E 10 H

PREE PR 05 T, PREE R AR E Coes ) A B SI 1 AR XS AR, SRR ML Tl 2 (K B RACR B +7
SEME o DL 36 1545008 20 1 ) P A0 o e B2 0% 3 e (80 e AL A 2 e b Al AT Rt 5 K B AR IR
HE7, BRI AL 2R COKGEICR . HiARREE (o) ARSI 1 SR HLAE T a3, 1 W] s T sl R A
FRE R BRI A, R RE ST R T K3 0, MELUIE BB 25 W g R 4 8l Tk K B 5 A0 2 (B AR A3
Ly e XPAMFRREE (xio) HOBKS) g 12 e 8l b TR, S Bl i 300 ST RE JEE A o B AT 1 i (LR S
PO, Vs A5 i DX R A 2 S AR RE B A5 PR A

4 % iE

2010—2019 47 #Eynf i 3k Toalk 4 (o /K DR IR A0R R A LIS (HRCR I E AR, 2R Lb FRRORE .
48 (X)) R RCRAEAF RS [ 225, 3B (X)) AR AR K, B2 et . SR 414 UF KOIREE B & 3N
B TAb 2R K GEIR AR 1) — G AR Bl R 7, BHEAIHTKE . Tl F7KsREE . 1 2 K P 25K 8l 7 e i —
PIRBRF o AR P ER 0K 3h K 2 A pr 4 2R, A R

(1) ASRHF T o — Y KA K B K S 5 FUR IR R, D805 B RO, kK e PRI
B, IR T NS E AL S, R R K BRI K 5. R T KT s, fi
P T KA AR S B A olk 32 3 T KB SAR N AE B A R RS, — R R R KT s, Kt K AEE )
TAE. SRS T) I BE, WA 45 Mo v] /K o, Bl b X A Se ik 22 06 B 25 B0 Bl I A T 2 Al
HuIX, 383 T3 5 e Bk B IR AL

(ST I m . IR I8 A5 8 1B, 97 R A Ll B AR B YIRURL, BBz s, #2771+ Malk A
RRFUKF. 3 m s s Tolk g oK FHIRZCR M CHEAE THOR I, AU H T R&D A, SR KR
15 Y BRI AR BT, LR =2 AL, T e hE T K TS GeBhia AR . S (X)) [T Tl “77
IKFEFEIHE” SURAIASTAAE, HEsh REIEHE K EFERHE” FARILE

AN T I . BFELIKE, it () Tl A 5y . AkSed = Ml AT SRk, HE5h B
FKEZ R FET5 05T REAY S € Tl el X R /K Tl el IX %, 4B H AT K a3 v . 4
F T b N FRZE R, SCREAMOR = ML A QB S | SO B IR A5 7K s P (R = B AR =k 3 H | i 4518
K& 5 B KT H , gils | 5177 & RS R0 IR Am A 6 45 208 R T2 o & T 0 7=\, Bl 330 i 45
SRR R,

(4) AR T . FRBERLHIBOR 1 i 200 % A SR8 458 A SRR R, R LA BT 255 8as 5
P, PRI, 2548 (DX 200 22 30 A il e PR R A O, R 3 Ar IR BT R 9 I RefB it 00, SEB™ b “ 57K
FEFEVRHE” MLk TH R PLAb s i oRbE, AR A A Mo S PR Ol il e K A Ak i T B, & 4 BURE 1) AR 55 F#
o, B AT U E . PRI e, BRI DUIEER” s R «—ar— %7 A, ARAE X R
HETE X AMF AR . FREEIG RAR RS 98 1 B2, STk e ISR a7l 5 i v o B b o, BURF AT L
RRCELE, FIA 2 1k BT = V5 YN oe kAT “I5 JuabbfEpraion; ” = %A1 0 .

& £ X W

[1] VRRRSR, BOTERR, T S5 v [ DX A B ZOK B PR PSR B S L0 3 R R (P A 2B, 2021, 23(6): 77-
84, 111-112. (XU Jingrong, HUANG Dechun, FANG Juanmin. Regional total factor water resources utilization efficiency and
its influencing factors in China[J]. Journal of Hohai University (Philosophy and Social Sciences), 2021, 23(6): 77-84, 111-
112. (in Chinese) )

(2] WIAKEIL. 2T WCA-MEPPRLRL ) 75 1 4 7K BE IR A IR S 28 (0] K BEIR 57K T4, 2017, 28(4): 75-81, 87. (HU

Linkai. Dynamic evaluation of water resources utilization efficiency in Yunnan Province based on WCA-MEPP model[J].



AAe

5

541 Ve WA BT Tl 2R (0 7R TR AR I 2 2 S S AR Bl N TS 93

(31

[4]

[51]

(6]

(71

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Journal of Water Resources and Water Engineering, 2017, 28(4): 75-81, 87. (in Chinese) )

AZAD M A S, ANCEV T, HERNANDEZ-SANCHO F. Efficient water use for sustainable irrigation industry[J]. Water
Resources Management, 2015, 29(5): 1683-1696.

L TS, gkaRa, & R A K P IRSCREE AN T R s 23 4353 (0] K B JRAR P, 2022, 38(2): 48-55. (JTAO Shixing,
WANG Anzhou, ZHANG Chongchong, et al. Comprehensive measurement and temporal-spatial differentiation of water
resources efficiency in Henan Province[J]. Water Resources Protection, 2022, 38(2): 48-55. (in Chinese) )

B S, TRAEET, BEO0RE, AR TP K IR A TRBOR S 2 R (], 2255 M B, 2020, 40(6): 193-202. (ZHONG Liwen,
ZHANG Jianbing, CAI Yunshuang, et al. Efficiency of water resources utilization and its spatiotemporal characteristics of
Guangxi[J]. Economic Geography, 2020, 40(6): 193-202. (in Chinese) )

B T, Rk . KLU Gk (8 K BT IRACR N 25 43 S BF 5 2 T SE-SBM S MLAE KL [T]. KVLH sl Bt 531458, 2019,
28(2): 349-358. ( YANG Gaosheng, XIE Qiuhao. Study on spatial and temporal differentiation of green water resources
efficiency in the Yangtze River economic belt[J]. Resources and Environment in the Yangtze Basin, 2019, 28(2): 349-358. (in
Chinese) )

TETCsE, XL, LA, 45, RKIL U Tl 4 R B I8R5 43 5 5 52 IR ALK - 56T EBM-Tobith5 84 (14 P By Be 434
[J]. BEPERL2E, 2017, 39(8): 1522-1534. (WANG Keliang, LIU Yue, SHI Lijuan, et al. Yangtze River Economic Zone spatial
and temporal disparities in industrial green water resource efficiency and influencing factors based on two-step analysis of
EBM-Tobit Model[J]. Resources Science, 2017, 39(8): 1522-1534. (in Chinese) )

W1, B S DT Tl KGR A 23 22 5 0], T R IXBHR S 5145, 2016, 30(7): 1-7. (HU Biao, HOU
Shaobo. Temporal and spatial differences of urban industrial water consumption efficiency in Jing-Jin-Ji region[J]. Journal of
Arid Land Resources and Environment, 2016, 30(7): 1-7. (in Chinese) )

SKAESR, PMETE, 14, 55 . H T DEARYH [ Tl K SHEAM R PFO 0 5¢ 0], 5 X BTR SR8, 2014, 28(11): 42-47.

(MAI Yazong, SUN Fuli, SHI Lei, et al. Evaluation of China’s industrial water efficiency based on DEA model[J]. Journal of
Arid Land Resources and Environment, 2014, 28(11): 42-47. (in Chinese) )

BRSO, BT v L KB TR R AR R Xk 2 S B PR BT A (T, LA IR S ERBE, 2011, 21(2): 54-60. (QIAN
Wenjing, HE Canfei. China’s regional difference of water resource use efficiency and influencing factors[J]. China Population,
Resources and Environment, 2011, 21(2): 54-60. (in Chinese) )

aRIRTT, TRAEEE, TR, A “—ar—B 7 P E XK R R ORI %3:iﬁ’iﬂl%DEA—Malmquist-Tobitjﬂf [J]. 3y
TR IR FAESREIR), 2018, 20(4): 60-66, 92-93. (ZHANG Zhaofang, SHEN Juqin, HE Weijun, et al. An analysis of
water utilization efficiency of the Belt and Road initiative’s provinces and municipalities in China based on DEA-Malmquist
Tobit model[J]. Journal of Hohai University (Philosophy and Social Sciences), 2018, 20(4): 60-66, 92-93. (in Chinese) )

2R, AT AT AR (O K IR FHRICR B L 23 22 S RS PR 2R M (0. /KBRS K TR 241, 2021, 32(6): 10-18. (LI
Jian, XIE Heng. Calculation of green water resources utilization efficiency in Jing-Jin-Ji urban agglomeration and analysis of its
spatio-temporal differences and driving factors[J]. Journal of Water Resources and Water Engineering, 2021, 32(6): 10-18. (in
Chinese) )

T, E Tl KRR 34T SBMAF BRI FilMalmquist-Luenbergerff $ [D]. b5t HE M K2 AL 50), 2018. (TAN
Yueyuan. Study on the utilization efficiency of China’s industrial water: based on SBM model and Malmquist-Luenberger
index [D]. Beijing: China University of Geosciences, 2018. (in Chinese))

KRIR, Wik, oy, 45, S Tl MCRDEARRL Y 7 B Tl K BRI HIRCR TS L] R BEIRS /K TRESR, 2020, 31(2): 81-
86. (ZHENG Le, YANG Faxuan, QIAN Hui, et al. Study on the utilization efficiency of industrial water resources in Ningxia
based on super-efficiency DEA model[J]. Journal of Water Resources and Water Engineering, 2020, 31(2): 81-86. (in
Chinese) )

b g | 55 e, B S A A DR R R T R S LRI AN EE [N AR H I, 2021-10-09(5). (The CPC Central Committee
and the State Council. Outline of ecological protection and high-quality development planning for the Yellow River Basin[N].
People’s daily, 2021-10-09(5). (in Chinese) )

TONE K, TSUTSUI M. An epsilon-based measure of efficiency in DEA: a third pole of technical efficiency[J]. European
Journal of Operational Research, 2010, 207(3): 1554-1563.

BRI, BRI, 1F) AR, AR T 10 £ R A50R EBMASE R A 3l T Tl A A 8 5 SR BE AIF 5 - DA = DX REA7S E R T
BT, B EFRIFSE, 2019, 39(5): 228-236. (HAN Jieping, CHENG Xu, YAN Jing, et al. Study on the measurement of urban
eco-industrial green development based on network super-efficiency EBM model: taking 47 key cities in Three regions and Ten


http://dx.doi.org/10.1007/s11269-014-0904-8
http://dx.doi.org/10.1007/s11269-014-0904-8
http://dx.doi.org/10.11705/j.issn.1672-643X.2021.06.02
http://dx.doi.org/10.11705/j.issn.1672-643X.2021.06.02
http://dx.doi.org/10.1016/j.ejor.2010.07.014
http://dx.doi.org/10.1016/j.ejor.2010.07.014

94 KoOH oK B L O RO¥ 2023 4E 10 H

groups as an example [J]. Science and Technology Management Research, 2019, 39(5): 228-236. (in Chinese) )

(18] TG, AR, W IREFE. BT = Y EL R (0 22 R SR R I 23 a8 S XS L) (0] 1 A= 252412, 2021, 32(9): 3299-3310.
(CAO Naigang, ZHAO Lin, GAO Xiaotong. Spatio-temporal evolution and driving mechanism of green economic efficiency at
county level in the Yellow River Delta, China[J]. Chinese Journal of Applied Ecology, 2021, 32(9): 3299-3310. (in Chinese) )

(19] ¥4MaE. B HIK B2 IR 4 ORI K AR THHLHIAIE ST [D]. Fi%: Fhb k2%, 2021. (JIANG Wanzhen. Research on green
efficiency measurement and promotion mechanism of water resources in the Yellow River Basin[D]. Xi’an: Northwest
University, 2021. (in Chinese) )

[20] BEEEAZ, AETM T, Dhid, S5, PN A% 5 TobithE AU E B 74 by XM AR P83 S DR 43 o i) B AR T (0] Al e 58
SIMEER, 2020, 37(6): 818-828. (HUANG Xinyi, REN Xiangning, MA Tao, et al. Comparative application of geographical
detector and Tobit model in analysis of grain production efficiency in the western Guangdong region and its influencing
factors [J]. Journal of Agricultural Resources and Environment, 2020, 37(6): 818-828. (in Chinese) )

(211 FBEW, domi L, XUAAT, 5. VL0448 W K 58 PR AR A it 28 e Ae S UK ah P 3R 0], v AR A R MK L, 2022, 479(9): 146-
154. ( TIAN Jingming, MENG Lihong, LIU Youcun, et al. Spatial-temporal changes of urban Water efficiency in Jiangxi
Province and its influencing factors[J]. China Rural Water and Hydropower, 2022, 479(9): 146-154. (in Chinese) )

[22] SRIE, ARIGEH, # A0 . v [ Tl S (0 K B IR A R S AL A4 I 2 AR 1k [0 Rk, 2021, 35(6): 97-102. (ZHANG
Feng, SONG Xiaona, XUE Huifeng. Temporal and spatial non-stationarity of industrial green water resources efficiency driving
mechanism in China[J]. Soft Science, 2021, 35(6): 97-102. (in Chinese) )

Spatial and temporal differentiation and influencing factors of industrial green

water resources efficiency in the Yellow River Basin

MIAO Junyu

(Center for Industrial and Business Organization, Dongbei University of Finance and Economics, Dalian 116025, China)

Abstract: Scientifically assessing the efficiency of industrial green water resources and identifying its driving factors is
one of the important ways to resolve the contradiction between supply and demand of water resources, promote
industrial green transformation, and enhance ecological protection and high-quality development in the Yellow River
Basin. Based on the super efficiency EBM model of undesirable output, nine provinces (regions) in the Yellow River
Basin were taken as the research object to calculate the industrial green water resources efficiency in the Yellow River
Basin from 2010 to 2019. Secondly, GML index was used to analyze the dynamic change of industrial green water
efficiency. Finally, the driving factors of industrial green water resources efficiency were explored through the
geographical detector model. The results show that the overall mean value of industrial green water resources efficiency
in the Yellow River Basin from 2010 to 2019 is only 0.585, which does not reach the effective state, shows a steady
upward trend. There are obvious differences in the efficiency values among provinces, with Shaanxi province having
the highest efficiency and Ningxia province having the lowest efficiency, and showing a pattern of “the east is greater
than the west” . The improvement of GML index of industrial green water efficiency in the Yellow River Basin is
driven by both the technical progress index and the technical efficiency index. Nature, society, economy and
environment are the primary driving factors of industrial green water resources efficiency in the Yellow River Basin,
and the level of scientific and technological innovation, industrial water intensity and population quality are the
strongest secondary driving factors.

Key words: industrial water resources efficiency; green development; super-efficiency EBM; GML index; geographic
detector model; Yellow River Basin
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