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Tablel The input—output indicators system of industrial water
resource utilization efficiency
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Table2 Industrial water resource utilization efficiency in 9

provinces from 2010 to 2019
Ay 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
i 0.464 0.551 0.585 0.577 0.588 0.551 0.550 0.560 0.638 0.687
PIJIl - 0.658 0.657 0.670 0.722 0.892 0.720 0.630 0.791 0.929 1.000
Hft 0.601 0.605 0.563 0.611 0.643 0.659 0.646 0.610 0.581 0.574
THE 0451 0.555 0.528 0.500 0.522 0.549 0.566 0.678 0.761 0.803
M5Eh 0.498 0.454 0.460 0.490 0.535 0.556 0.707 0.713 0.762 0.753
BEVE  0.807 0.865 1.000 0.994 1.000 0.881 0.862 0.877 1.000 1.000
17§ 1.000 1.000 0.905 0.809 0.815 0.698 0.664 1.000 1.000 1.000
JE 0.653 0.754 0.751 0.752 0.776 0.741 0.757 0.754 0.757 0.750
1% 0.825 0.863 1.000 1.000 1.000 0.897 0.898 1.000 0.946 1.000
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Fig.1 Trend of change of industrial water resource utilization

efficiency in 9 provinces
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Fig.2 Kernel density estimation map of industrial water resource

utilization efficiency in 2010,2013.2016 and 2019 in 9 provinces
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Table3 Average value and ranking of industrial water resource
utilization efficiency in 9 provinces

Ay AR BEFE vs il RS HORN SR TE IR
PIE 0943 0.929 0.889 0.767 0.744 0.609 0.593 0.591 0.575
H4 1 2 3 4 5 6 7 8 9
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Fig.3 Variation coefficient of industrial water resource utilization
efficiency in 9 provinces

4 gEipH5EIL

A BN AR AR R R BT AR
MinDS i U AN E 8l e b LA X Tl K 9 IR
OB GG AT AR R ITE IR T ILE X
BRI 25 3 SRR, 3BT R R

BT P AL, LA XA ROR R B N7 Y
TS SRSCRAKCE A it . NEHZERE,
R AR RO A A T R U X, F I AR S VAR
OIARASHN, AR BEPE A Tl K B R IR AE i ek
WA I A T3 KT AR SRR 4 it 0.9, &
2019 4FBR G W H A AL B ARIR B TP 08K, A
BBt 2215 ,2010—2016 4F 8] it 3k 9 44 X M X Tk
KGR R FRCR 22 R B L0/, AR ARECE Pl
AT, WRCRA R > . 2017—20194F LA X
R ZERE Y /N, 7S (Al SRy A 4 1 A ek 5, 2
2019 47 H s8R 21 1 L B 2010 Y 44 %38 10 % 78%

LIRSS S L L

(1) BT IR 9 48 X Tl 7K 5 5 1) FH 80 e a4 A
AbFH R AR I ETHE T, B8 AR A FARROR



$34 FRIRSEA BT R Tl K BRI AR DN S 28 0 5 75

RS BHIX, I H R, St — b Tolk = (51 2850 X3 ST DEA-BC~2 SRS AHT K Ve IR AR 2 9%

P2, B SR A Tl K b A 2 32 T A 2R AL A, 2019, 39(2):28-32, 43.
e e et o et R e e
AR, ket T st kv S s
LN (7] ZeCse, skakie, 200, 4 . S/ N 2 R D ST K
(2) YS9 DR AR ZER AL T ik YRR PRI 2085 AKRIKHLEER, 2020, 51(12):16-25.
RIK, eI A A LT XU 0 Sl AL ™ (8] TAOHE BUAGAE. EMIIC. el A R 1 B K R A
& DXk P2 A 35 Y RS B R E 2K RN s HE ) Tl 4% TR EHH BT : HT SE-SBM 5 Tobit BURIAY522[T]. th LA -
SR et by 0 [ b 4 S A IR SR, 2018, 28(1) : 157-164.
f?tE %’ {*§?7{({iﬁ ATERIEAR QR A (9] TEFE5E, XIBL, SRR, % . KT L3 TG Gk v IR i
AT AT 25 4Y S INZ  JET EBM=Tobit BB T ELSMH7LI. VU8
(3)155‘?@%@ WIHJL7J({J§7}E$UFH§&$1E‘E7KSP£@IZ j&j}%7 2017, 39(8) . 1522-1534.
o7 ] 1 KT b X IR ST R R S BRI B BRA T [10] SKAHL I i ok BRI B S AT ). K TR
BE 22 U IR T Ak SR R ST sh RN, 4 R4 X ] {971, 2021,37(4):37-43,50.

ié‘bﬁ%’ﬁz ifﬂé‘?ﬁl%ﬁ@wﬁ%ﬂ %iﬁﬁ:?ﬂ?ﬁiﬂiﬁzjﬁi [11] AICIE, X)W #‘f(ﬂ/}ﬁh‘jﬂ\”/%7K§ié—@ﬂﬁi&ﬁ%7k(§ﬁﬁ+ﬁ[]]
. B _ R o 5K, 2021(1) £ 100-103.
PRI o i AT R B0 .

[12] TONE K. A slacks—based measure of efficiency in data envelopment
analysis [J]. European Journal of Operational Research, 2001,130(3):

SEHk: 498-5009.
[1] ARG FEFR0 . SR B K -l S SR~ SRS s [13] APARICIO J, RUIZ J L, SIRVENT L. Closest targets and minimum
PRRISCERT]. h LA - B 5 PR, 2021, 31(2) : 119-129. distance to the Pareto—efficient frontier in DEA [J]. Journal of Produc-
[2] RBSGHE, sk . FT W% SBM-DEA # R GML 15 4519 Hh [ 45 tivity Analysis, 2007,28(3):209-218.
B TR ASABRIE AR, 2019, 34(7) : 1457-1470. [14]  Sef, Ve, SRim e . SR AR IR SE A AR I N 23 1028 5 9K 3h
[31 RIAEZE, Fegl i, FhBCER . BT /K S5OR 0 225 1A% Jmy B 20 4 I Z(J). RN, 2020, 42(1) : 150-158.
HE[J]. BERL, 2020, 42(1) : 57-68. [15] AR, /N0, B e, 55 v [ A 25 b3 D300 i 7K B J50R) AL
[4] BUR, EIE, A250], 5 BT RAR AT 19715848 7K SR AT KRR 2] 2 AR, 2020, 40(18) : 64596471,

BT EZASEAR, 2013, 33(5) 1 1636-1644.

Measurement of Industrial Water Resource Utilization Efficiency and Its
Spatiotemporal Differentiation Analysis in the Yellow River Basin
SHAN Shihao', NI Hongzhen', WANG Dangxian®

(1. Department of Water Resources, China Institute of Water Resources and Hydropower, Beijing 100038, China;
2. General Institute of Water Resource & Hydropower Planning and Design, Ministry of Water Resource, Beijing 100120, China)

Abstract: Industrial water resource utilization efficiency is the core issue affecting industrial water use. Measuring and analyzing
its temporal and spatial characteristics can provide an evaluation basis for ecological protection and high—quality development in
the Yellow River basin. Incorporating industrial water consumption and water pollution emission into measurement system, establish-
ing an undesirable output MinDS window model to measure industrial water resource utilization efficiency, using kernel density esti-
mation method and variation coefficient method to analyze its spatiotemporal changes. The result shows that the overall industrial
water resource efficiency in the 9 provinces of Yellow River basin shows an N-type trend of rising volatility from 2010 to 2019,
and overall efficiency was improved. In terms of spatial distribution, high efficiency centers were located mid—downstream for a
long time, showing a distribution trend of high efficiency in the east and low efficiency in the west. The unevenness of the spa-
tial pattern of efficiency has been yearly weakened, and the degree of differentiation has decreased. The industrial water resource
utilization efficiency in Shandong and Shanxi province was at a high level in the basin, with the multi-year average efficiency val-
ue exceeding 0.9. In 2019, the proportion of medium—high efficiency provinces in the basin increased from 44% to 78%, and all
provinces except Qinghai and Gansu reached the medium-high efficiency level.

Keywords: Yellow River basin; industrial water resource utilization efficiency; undesirable output MinDS model; DEA window

analysis; spatiotemporal differentiation



