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Figure | Trend of change of water use efficiency in the Yellow River

Basin and in China
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Table 1 Water use efficiency ranking of provinces in the Yellow

River Basin from a national perspective

- _ 2000 _ 2017
B He# L& He#
1y 1.00 1 1.00 1
17 1.00 1 1.00 1
baNa) 1.00 1 1.00 1
i) 1.00 1 1.00 1
N 1.00 1 0.18 16
)i 0.49 8 0.82 4
HA 0.85 4 0.88 3
Hif 0.43 10 1.00 1
THE 0.45 9 0.81 5

© BHEARIR 9 A DX PG S AR TR L DU BRPE | HO R T R
Q@ B L3 T U R TR NS TR IR (PG B TR AR 51 A SCHR[15].
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Figure 2 Trend of change of water use efficiency in the Yellow River Basin and the Yangtze River Economic Belt
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Table 2 Water use efficiency of provinces in the Yellow River Basin from an internal perspective

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
17g 1.00 098 100 100 100 100 1.00 100 100 1.00 100 100 100 1.00 1.00 1.00 1.00 1.00
HIER .00 1.00 1.00 1.00 1.00 100 1.00 100 100 1.00 100 1.00 100 1.00 1.00 1.00 1.00 1.00
TR 1.00 090 097 100 100 100 092 100 100 100 100 1.00 100 1.00 1.00 1.00 1.00 1.00
(5] 099 100 100 100 100 100 1.00 100 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00
R i 1.00 098 099 100 1.00 100 1.00 100 100 100 100 100 1.00 1.00 1.00 1.00 1.00 1.00
NS 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.8 079 0.66 054 044 052 073 086 093 09 1.00
syl 1.00 092 095 084 084 08 09 088 095 092 1.00 099 100 1.00 1.00 1.00 1.00 1.00
HA 074 084 093 1.00 100 100 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.69 0.64
i 039 056 064 077 085 097 1.00 100 100 1.00 0.8 1.00 099 1.00 1.00 1.00 1.00 0.99
TH 023 027 050 0.71 066 064 0.66 069 061 0.60 054 066 069 0.65 0.65 062 0.60 0.66
FLYE 070 088 090 096 094 093 0.87 0.87 0.89 085 094 093 087 073 075 075 070 0.65
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Table 3 Parameters of standard deviation ellipse of water use efficiency in the Yellow River Basin

DY s RePlkm SRR SPEIERIER AR B /km  RPEREE/km  FILRE R km
2000 64.44 822.37 540.75 0.66 109.32° E, 36.58° N — — —
2005 74.76 867.74 519.11 0.60 108.11° E, 36.74° N 109.39 107.82 17.79
2011 80.52 872.75 456.83 0.52 107.65° E, 36.13° N 79.34 4131 67.83
2017 71.71 872.70 525.12 6.02 108.30° E, 36.58° N 60.65 57.92 17.80
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Figure 3 Traditional Kernel density map of water use efficiency in

the Yellow River Basin
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Figure 4 Unconditional kernel density map and density contour map of water use efficiency in the Yellow River Basin
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Figure 5 Static kernel density map and density contour map of water use efficiency in the Yellow River Basin

considering spatial proximity of provinces
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Figure 6 Dynamic kernel density map and density contour map of water use efficiency in the Yellow River Basin under the first type of spatial lag
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Figure 7 Dynamic kernel density map and density contour map of water use efficiency in the Yellow River Basin under the second type of spatial lag
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Table 4 Matrix of traditional Markov transfer probability of

water use efficiency in the Yellow River Basin
I ESREAE 200 {LiS Pk e =
! i3 059 041 000  0.00

HIK 0.03 0.82 0.15 0.00
i 0.03 0.76 0.18 0.03

= 0.02 0.78 0.14 0.06
2 1% 0.44 0.56 0.00 0.00

I 0.03 0.78 0.13 0.06
T 0.03 0.75 0.19 0.03
[ 0.04 075 0.5 0.06

3 % 0.40 0.57  0.03 0.00
SRS 0.03 0.73 0.17 0.07
Ty 0.07 070 0.20 0.03
=

0.04 0.71 0.18 0.07
4 {[iS 0.39 0.54  0.07 0.00
GRS 0.04 0.71 0.18 0.07
g 0.11 0.68  0.18 0.04
[ 0.07 0.67 0.19 0.07
5 {[iS 0.38 0.54  0.04 0.04

HIK 0.04 0.69 0.23 0.04
i 0.12 0.62 0.23 0.04
= 0.03 0.74 0.15 0.08
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Table 5 Matrix of Markov transfer probability of water use efficiency in the Yellow River Basin considering spatial proximity of provinces

A4=1 A 1S LRI i [ 4=5 s 1% LRI i =
S 1% 0.00 1.00 0.00 0.00 ik ik 0.50 0.50 0.00 0.00
T I 0.00 0.67 0.33 0.00 RIS 0.00 0.40 0.40 0.20

[ 0.00 0.67 0.33 0.00 s 0.67 0.00 0.33 0.00

[ 0.05 0.90 0.00 0.015 [ 0.06 0.88 0.00 0.06
ik ik 0.83 0.17 0.00 0.00 Ik ik 0.75 0.25 0.00 0.00
SRS 0.09 0.82 0.09 0.00 T I 0.13 0.75 0.13 0.00
[ 0.25 0.25 0.50 0.00 = 0.25 0.50 0.25 0.00
[ 0.00 0.62 0.31 0.08 [ 0.00 0.70 0.20 0.10

s ik 0.56 0.44 0.00 0.00 s ik 0.17 0.67 0.08 0.08
GRS 0.00 1.00 0.00 0.00 I 0.00 0.83 0.17 0.00
ey 0.00 1.00 0.00 0.00 iy 0.00 1.00 0.00 0.00
[ 0.00 0.75 0.13 0.13 = 0.00 0.71 0.14 0.14
[ ik 0.75 0.25 0.00 0.00 =5 i 0.50 0.50 0.00 0.00
GRS 0.00 0.82 0.18 0.00 GRS 0.00 0.71 0.29 0.00
T 0.00 0.83 0.13 0.04 T 0.00 0.72 0.22 0.06
[ 0.00 0.78 0.22 0.00 i 0.00 0.50 0.50 0.00
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Spatial distribution and dynamic change of water use
efficiency in the Yellow River Basin

LIU Huajun, QIAO Liecheng, SUN Shuhui

(School of Economics, Shandong University of Finance and Economics, Jinan 250014, China)

Abstract: Improving water use efficiency is the key measure to realize the sustainable
development of water resources. It is of great significance to explore the spatial pattern and
dynamic change of water use efficiency in order to promote the ecological protection and high-
quality development of the Yellow River Basin. In this study, we built a global Minimum Distance
to Strong Efficient Frontier (MinDS model) based on unexpected output to accurately measure the
water use efficiency of the Yellow River Basin from 2000 to 2017. The spatial pattern of water use
efficiency of the Yellow River Basin was comprehensively depicted from the perspective of
national, regional, and intraregional comparisons. The change of distribution dynamics of water use
efficiency was investigated by an extended distribution dynamic model. The results show that the
water use efficiency of the Yellow River Basin is higher than the average level in China. The water
use efficiency of the lower reaches is higher than that of the upper reaches. A spatial pattern of
“high in the east and low in the west” is very clear. The polarization of water use efficiency in the
Yellow River Basin is obvious in some years. Spatial factors can significantly affect the regional
distribution of water use efficiency. The interaction of water use efficiency in adjacent areas leads
to the gradual narrowing of water use efficiency gap in the Yellow River Basin in the long term.
And water use efficiency converges to the middle level.

Key words: Yellow River Basin; water use efficiency; spatial pattern; kernel density; Markov
chains
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