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Abstract: The Yellow River Basin is a crucially ecological barrier and economic belt in China, whose ecological protection

and sustainable development are of great importance to the national development strategy. However, the low water-use
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efficiency and the improvable allocation scheme of water resources have impeded the holistic achievement of sustainable
development in the Yellow River Basin. Here, this study adopted the evenness among SDGs and investigated the differences
in the performance of sustainable development goals (SDGs), developing pathways, dependence on the water resources
from the Yellow River, and water-use efficiency for agriculture and industry among nine provinces in the upper, middle and
lower basins. The coordinated development strategy was then discussed based on the optimal utilization of water resources.
Our results showed that: (1) from 2000 to 2015, the sustainable development score of the nine provinces of the Yellow
River Basin had increased significantly. The middle and lower basins had a significantly better performance of SDGs than the
upper basin only when neglecting the evenness among SDGs. (2) The deviation caused by ignoring the evenness among
SDGs was also reflected at the provincial level. For example, Ningxia and Shanxi were previously considered to achieve well
performances towards SDGs. However, their development was mainly reflected in a few SDGs, whereas many SDGs related
to environmental protection had fallen back (e.g., SDG15). These results suggested that the performance of SDGs might be
overestimated without considering the evenness among goals. (3) Regardless of the location along the Basin, the water
consumption in many provinces was dependent on the Yellow River. However, the industrial and agricultural water
consumption and water-use efficiency largely varied among these provinces. Generally, the water-use efficiency in the upper
basin was relatively lower compared with that in the middle and lower basins. (4) The correlations between the water
withdrawal amount and the 17 SDGs were different in the upper, middle, and lower basins. The amount of water withdrawal
in the upper basin was irrelevant or negatively correlated with most of the SDGs, indicating that the limiting factor for its
sustainable development was not the water resources; while the increase in water withdrawal could promote some SDGs
related to economic and social development in the middle and lower basins. Overall, this study points out that it is important
to strengthen the cooperation among the upper, middle, and lower basins through optimizing the industrial structure and
water resources allocation, which could further promote the overall water-use efficiency and the ecological conservation of

the whole basin, and eventually achieve the sustainable development of the whole Yellow River Basin.
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Table 1 Developing pathway of each province in the Yellow River Basin
BT Ak Ay RIEEEAR gt
Yellow River Basin Province Development pathway 0
% Upstream HifF g XK Jié 59.26°
vy AHXS AR 41.93°
HM W e 55.56°
TH Ay 21.56°
M AR HAR 46.67°
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T % Downstream bEINE2) iEhopzibisl 48.94°
K W R 57.91°
R2 2000 £= 2015 FREAFHNARELRBRHERER
Table 2 Change of each SDG score from 2000 to 2015 of each province in the Yellow River Basin
AIRFELR T H bR
Sustainable I pgji| Hilr THE Sy (it} 1Y) bENT2) IR
development goals
SDG1 71.08% 56.74% 49.30% 140.44% 85.99% 41.35% 37.56% 53.01% 46.57%
SDG2 28.08% 33.76% 71.25% 25.71% 39.73% 33.17% 41.26% 45.36% 26.43%
SDG3 41.49% 38.56% 64.05% 44.27% 24.79% 42.35% 21.23% 30.14% 18.17%
SDG4 134.93% 71.38% 72.35% 82.92% 73.36% 61.26% 46.81% 40.86% 53.65%
SDG5 -4.74% -0.53% -16.41% -6.98% 5.90% 7.19% 17.91% 8.33% 3.51%
SDG6 27.29% 41.48% 42.81% 214.06% 56.27% 7.73% 2.92% -0.94% -2.79%
SDG7 -4.97% 51.28% 126.27% 30.86% 94.85% -1.16% 78.23% 23.96% -15.09%
SDG8 84.46% 14.20% 45.99% 89.73% 23.79% 15.15% 56.52% 2.91% 1.99%
SDG9 194.83% 169.28% 142.28% 223.53%  321.59% 115.32% 116.67% 119.21% 161.98%
SDG10 17.05% 99.07% 66.67% 34.18%  133.80% 157.54% 205.81% 155.84% 129.28%
SDG11 18.08% 23.47% 42.09% 118.60% 71.72% 53.37% 40.62% 27.08% 22.56%
SDG12 -63.41% 10.27% -9.52% -5.59%  -25.72% 6.89% -1.93% -1.09% -24.80%
SDG13 3.25% 15.40% 12.67% 28.25% -5.88% 8.41% 11.03% 21.01% -6.91%
SDG14 — — — — — — — — 3.06%
SDG15 0.00% -0.93% 12.60% -17.10% 25.90% -0.46%  -10.65%  —-17.29% -18.89%
SDG16 24.14% 14.50% 45.10% 64.71% 21.16% -27.36%  -46.93% 20.93% 27.78%
SDG17 158.68% 225.51% 370.77% 147.15%  353.45% 247.37% 93.89% 194.74% 138.79%
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Fig.6 Proportion of water consumption from Yellow River to the total water consumption in each province
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Table 3 The linear trend of each province’s proportion of the water consumption from Yellow River to its total consumption over time

By R WG R P B0y R IS R P
Province Slope Adjust R? Province Slope Adjust R?
Hifg -0.235 0.02 0.282 (S} 0.178 0.104 0.139
Py i -0.001 0 0.473 1 0.389 0.344 0.016
Hl 0.064 0.044 0.23 bE e 0.431 0.525 0.002
TH 0.526 0.503 0.003 iIES 1.225 0.727 <0.001
e -0.298 0.246 0.041
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Fig.7 Agricultural water consumption and output per unit of water consumption in different provinces in the Yellow River basin
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Table 4 The linear trend of the output per unit agricultural water consumption in each province over time

B FEES PHRSE R p Hh FEES PR F R »
Province Slope Adjust R? Province Slope Adjust R?
Hi 0.769 0.972 <0.001 [} 1.976 0.97 <0.001
HM 0.622 0.957 <0.001 1L v 0.861 0.801 <0.001
THE 0.29 0.987 <0.001 ] 1.807 0.926 <0.001
SESN 0.752 0.932 <0.001 AR 2.119 0.983 <0.001

®5 BHBUMRFTEBNEEXNLEEEIN

Table 5 The linear trend of the grain yield in each province over time

B FE PR SE R p By R %G R »
Province Slope Adjust R? Province Slope Adjust R?
Tl 0.004 0 0.414 (S} 0.043 0.914 <0.001
Hik 0.068 0.92 <0.001 i) 0.105 0.908 <0.001
THE 0.053 0.86 <0.001 g 0.092 0.892 <0.001
SE 0.11 0.929 <0.001 IR 0.1 0.926 <0.001
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Fig.9 Industrial water consumption and output per unit of water consumption in different provinces in the Yellow River basin
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Table 6 The linear trend of the output per unit industrial water consumption in each province over time

A FaE P 5 R P B FoE PR R »
Province Slope Adjust R? Province Slope Adjust R?
HifF 42.288 0.894 <0.001 (5] 52.325 0.963 <0.001
H 16.438 0.974 <0.001 1Ly 24.725 0.714 <0.001
TH 21.619 0.983 <0.001 oNE) 23.366 0.987 <0.001
RELT 30.65 0.925 <0.001 IR 55.718 0.948 <0.001

http ; //www.ecologica.cn



34 TERE AR AR RS R A B b IR] A JR SRm 999

x7 BKESTRTHELRBRERNEXESH

Table 7 Correlation between each SDG and the water withdrawal

development goals Upstream Midstream  Downstream development goals Upstream Midstream Downstream
SDG1 0.22 0.44 0.59 SDGI0: -0.56 " 0.47 0.66
SDG2: 0.74*" 0.94** 0.76" SDGI1: 0.30 0.50 0.72"
SDG3; 0.42 0.54 0.81" SDGI2: 0.16 0.80* -0.85"
SDG4; 0.19 0.47 0.74* SDG13:; -0.69** 0.87 " 0.12
SDGS -0.76*" 0.70 0.66 SDG14:; 0.28
SDG6; -0.59 " 0.91* -0.69 SDG15; -0.12 0.52 -0.42
SDGT; -0.79 " 0.83* 0.34 SDG16: -0.10 -0.10 0.49
SDGS 0.30 -0.09 0.37 SDG17:; -0.29 0.52 0.62
SDGY 0.02 0.86** 0.77*

Fh g ARG R AL, Hoh + 3R P<0.05, + * IR P<0.01
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