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Table 2 Input-output index system of water resources

utilization efficiency in Yellow River Basin

/10°m’
/
/
COD /10*
/10%
GDP/
(
A ( PNKS
)« PAKS
» ( http: // www.
stats.gov.cn/) o
3.3
2008—2020
WUE( water utilization efficiency)
1 o ArcGIS10. 2
WUE 2 o
1 2008—2020

Figure 1 Calculation results of water resources
utilization efficiency of nine provinces and autonomous
regions in the Yellow River Basin from 2008 to 2020
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Figure 2 Spatial distribution of perennial average

water resources utilization efficiency in nine

provinces of the Yellow River Basin
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Table 3 Suitability of water resources utilization and economic development level in nine
provinces and autonomous regions ( in different periods)
2009—2011 2012—2014 2015—2017 2018—2020
TDI TDI DI DI
0.25 -0. 08 -2.92 0.99
0.55 -0.22 -0.30 1.47
0.02 -0.33 1.49 -1.92
0.15 -0.20 -0.48 -3.02
1.05 -3.11 -0.18 -0.42
0.23 -0.12 -0. 65 1.29
0. 31 -0. 83 3.26 -3.34
0.30 -0. 14 -0.52 0.27
-0.48 0.18 0. 60 -0.62
2018—2020 N N N o
({3
AY AY 5
4 o
4.1
2008 4.2
0. 680 2020 . 124, (1) o
2008 2020
0.436 N 50000 m’
. . ()
N N GDP N N
N N N ; o 2025.2030
113
7 0.58.0. 61 GDP 15% 20%
10% 25%
(2)

12 20-21



o ~

2025.2030 “ » 2025.2030 “
91%.93% 60% 80%
(3) o (7)
o » 2025.2030 “
2025.2030 “ 60% 85%
25%.30% 5
(4)
. “ i 2020
N N (1) 2020 65%
58%
2025 ;
(5) . . 3 o (2)
(3)
° 3
2025.2030 «
9% 8% .
(6) o
1
I 2022 33 (2):
o 165-173.

ZUOQT WUQS JINJL etal The basic principle



18

) 2023

10

11

12

and theoretical system of regional water balance J . Ad-
vances in Water Science 2022 33(2): 165-173.

ADEEL Z. A renewed focus on water security within the
2030
Sustainability Science 2017

sustainable  development J

12(6) : 891-894.

agenda  for

2014 36(5) : 906-912.

ZUOQT HUDS DOUM et al. Framework and core
system of the most stringent water resource management
system based on the concept of human-water harmony J .
Resources Science 2014 36( 5) : 906-912.

J. 2019 41(11): 1-6 16.
ZUO Q T. Research framework for ecological protection
and high-quality development in the Yellow River Basin

J . Yellow River 2019 41(11): 1-6 16.

(§ ) I

2022 58(1): 32.

The implementation plan for the conservation and
intensive utilization of water resources in the Yellow River
Basin was printed and distributed ] Water &
Wastewater Engineering 2022 58( 1) : 32.
SHICF LILJ CHIUY H et al. Spatial differentiation
of agricultural water resource utilization efficiency in the
Yangtze River Economic Belt under changing environment

J . Journal of Cleaner Production 2022 346: 131200.
CHENY W WONG C WY YANG R et al. Optimal
structure adjustment strategy emission reduction potential
and utilization efficiency of fossil energies in China ] .
Energy 2021 237: 121623.
LIUSC XIAOW LILL etal. Urban land use efficiency
and improvement potential in China: a stochastic frontier a—

nalysis J . Land Use Policy 2020 99: 105046.

2011 42(11): 1372-1378.

ZUO Q T. Discussion on the calculation method and
threshold of the net-utilization ratio of water resources J .
Journal of Hydraulic Engineering 2011 42( 11): 1372
-1378.

LAURETI T BENEDETTII BRANCA G. Water use ef-
ficiency and public goods conservation: a spatial stochastic
frontier model applied to irrigation in Southern Italy J .
Socio-economic Planning Sciences 2021 73: 100856.

LIANGX D LI'J C GUO G X

water resource system efficiency and influencing factors in

et al. Evaluation for

Western China: a two-stage network DEA-Tobit model J .
Journal of Cleaner Production 2021 328: 129674.

15

16

17

19

2020 40( 11) @ 1930-1939.

GONG CJ XU CL ZHANG X Q. Spatio-temporal evo—
lution and influencing factors of water resources utilization
efficiency of cities along the middle and lower reaches of
the Yellow River J . Scientia Geographica Sinica 2020
40( 11) : 1930-1939.

T 2022(5) : 12-20.
ZUOQT WU QS JIANG L et al. Multi-scale regional
definition and its application selection in the Yellow River
Basin J . Hydroscience and Engineering 2022( 5) : 12
-20.

2021 43(8): 1-6.
NIUY G WANGY LI'Y Q
layout for the ecological protection and high-quality devel—

. Yellow River

et al. Water security

opment of the Yellow River Basin ]

2021 43(8): 1-6.
J.
2010( 5) : 31-35.
LI D. Analysis on water resources development and utili—
zation rate and hydropower development rate J . China

Waterpower & Electrification 2010( 5) : 31-35.

I 2022 44(1):
67-70.
ZHU XY ZHANGHT DUF H et al. Analysis of de—
velopment and utilization rate of surface water in primary
water resources area based on the relationship between
. Yellow River 2022 44(1):

transfer in and out J

67-70.

J. 2010 41(3): 11-14.
LEI ] ZHANG L HUANG Z F. Preliminary study on
development rate of water resources in Yangtze River

Basin J . Yangtze River 2010 41(3): 11-14.

2021 31(10): 29-38.

ZUO QT ZHANG Z Z MA ] X. Relationship between
water resource utilization level and socio-economic deve—
lopment in the Yellow River Basin J . China Population
Resources and Environment 2021 31( 10) : 29-38.
TAPIO P. Towards a theory of decoupling: degrees of de—
coupling in the EU and the case of road traffic in Finland
between 1970 and 2001 J . Transport Policy 2005 12
(2): 137-151.



20 . nage 2021 40(3): 1-8 22.
J. 2021 40(3): 1 21 ZUOQT HAOMH ZHANGZZ et al. Assessment of
-8 22. the happy river index as an integrated index of river health
ZUO QT JIANG L MA J X et al. Judgment criteria and human well-being: a case study of the Yellow River
and evaluation system for high—quality development of the China J . Water 2020 12(11): 30064.

Yellow River Basin J . Journal of Irrigation and Drai-

Utilization Level and Improvement Approach of Water
Resources in the Yellow River Basin

ZUO Qiting' >*  WANG Pengkang' ZHANG Zhizhuo' WU Qingsong'

( 1.School of Water Conservancy and Civil Engineering Zhengzhou University Zhengzhou 450001 China; 2.Yellow River Institute for
Ecological Protection & Regional Coordinated Development Zhengzhou University Zhengzhou 450001 China; 3.Henan International
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Abstract: Based on the analysis of the current situation and problems of water resources utilization in the Yellow
River Basin this study examined the related concepts of utilization rate of water resources and put forward the in—
dex of " net-utilization ratio of water resources" to represent the development and utilization of water resources in the
Yellow River Basin. Super-SBM model was further used to quantify utilization rate of water resources in the Yellow
River Basin and an adaptation model was constructed by combining Tapio theory to explore the decoupling state
between water resources utilization and economic development. The restrictive factors and ways to improve the utili-
zation level of water resources in the Yellow River basin were discussed. The results showed that: (D In 2020 the
utilization rate of water resources in the Yellow River Basin was 65% and the net-utilization rate of water resources
was 58%. Although the actual water resources utilization intensity is not as high as imagined the development and
utilization of water resources in the basin was still in an excessive state. (2) The overall level of water resources utili—
zation in the Yellow River Basin showed an upward trend during the study period and the spatial pattern of " higher
in the lower reaches than in the middle reaches than in the upper reaches" was generally presented in the nine
provinces. Different development patterns and characteristics led to the differences of water resources utilization in
different regions. @) The influencing factors of water resources utilization level were mainly divided into industrial
structure scientific and technological level policy regulation economic development and water conservancy facili-
ties construction. Finally corresponding improvement approaches were proposed for the influencing factors.
Keywords: water resource utilization level, net-utilization ratio of water resources; Super-SBM model;

improvement approach; Yellow River Basin



