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Water use efficiency and its spatial differentiation of urban
agglomeration at -shaped bend of Yellow River

Li Mingji, Niu Jiahe, Li Xiaojuan, Luo Jiayun
(College of Geography and Planning, Ningxia University, Yinchuan, Ningria 750021, China)
Abstract: [ Objective] The water use efficiency of urban agglomeration at Q-shaped bend in the Yellow River was
measured, its spatiotemporal evolution and long-term transition characteristics were revealed, and the water
resource security structure among urban agglomerations was characterized from the perspective of network
connections, in order to provide a scientific basis for regional coordinated governance and high-quality development
of the basin. [ Methods] A super-efficiency SBM model with undesirable outputs incorporating multiple economic
and environmental indicators was constructed to evaluate water use efficiency. This was combined with a Markov
chain to predict long-term evolutionary trends, and a gravity model was introduced to quantitatively characterize
the water resource security network structure among urban agglomerations. [Results] D The overall water use
efficiency of urban agglomeration at Q-shaped bend of the Yellow River exhibited an evolutionary characteristic of

“stepwise escalation, high-level equilibrium”. However, significant inter-provincial and inter-urban agglomeration
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differentiation formed distinct pathways, including central Shanxi’ s reliance on groundwater, Ningxia’ s
dependence on institutional innovation, the Hohhot-Baotou-Ordos-Ulanqgab area trapped in a “medium-efficiency
trap”, and the fluctuating water-energy synergy in northern Shaanxi. @ Spatially, a complex structure of multi-
polar coordination and gradient differentiation took shape, characterized by “dual-core leadership”, a “triangular
growth pole”, and a “technological pole”. Markov chain projections further revealed divergent efficiency evolution
paths. Central Shanxi exhibited the fastest convergence, whereas the Hohhot-Baotou-Ordos-Ulangab area
remained trapped in a medium-efficiency lock-in. @ The water resource security network structure presented three
typical models: “dual-core driven, peripheral dependency” , “single-core polarization” , and “single-pole
prominence, gradient lock-in” , indicating that enhancing regional water security required coordinating node
efficiency and inter-city collaboration intensity from a relational perspective. [Conclusion] The water use
efficiency at Q-shaped bend urban agglomeration of the Yellow River features a “stepwise escalation, high-level
equilibrium” accompanied by significant inter-provincial differentiation. Its spatial pattern is jointly shaped by
multi-polar coordination and three typical water security network structures, necessitating the implementation of
sub-regional coordinated regulation to support high-quality development in the basin.

Keywords: water use efficiency; SBM model; spatial differentiation pattern; Markov chain; Q —shaped
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Table 3 Markov transition probability matrix for water
use efficiency types of urban agglomerations at
Q-shaped bend of Yellow River
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Fig.4 Finite-time state transition probability distribution of water use efficiency types in urban agglomerations
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Fig.6 Gravity matrix of water resource security structure of Hohhot-Baotou-Ordos-Ulanqab urban agglomeration
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Fig.7 Gravity matrix of water resource security structure of central Shanxi urban agglomeration
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Fig.8 Driving mechanisms of water use efficiency differentiation in urban agglomerations
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