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Abstract: The water-energy-food (WEF) nexus, as a core concept in the field of resource management, originated from
reflections on the global resource security crisis in the early 21st century. The concept was officially proposed at the Bonn
Conference in 2011, and the United Nations' 2030 Sustainable Development Goals further elevated it to the level of global
policy. Due to China's uneven spatial and temporal distribution of water resources and the spatial mismatch between
resource production and consumption, research in this field holds special importance and urgency. Based on the latest
domestic and international literature, this paper systematically reviews theoretical progress, methodological innovations,
and practical applications in WEF nexus research. At the theoretical level, the nexus has evolved from a binary relationship
to a complex system involving multiple factors such as ecology, land, and carbon, with water resources as the core hub, and
continuous innovation in theoretical models has been driven by system dynamics, coupling coordination models, and digital
twin technology. Methodologically, diversified systems have been developed, including refined quantitative assessments,
innovative spatial analysis techniques, multi-objective optimization, and scenario analysis, with widespread application of
multi-source data integration, GIS and remote sensing technologies, and machine learning methods. Empirical studies display
regional comparisons and multi-scale characteristics, forming differentiated governance pathways in typical regions such as
the Yellow River Basin and the Beijing-Tianjin-Hebei urban agglomeration, while micro-scale studies of rural households
and the adoption of international experiences enrich practical implications. In terms of policy application, innovations in
spatial planning, market mechanisms, and collaborative governance mechanisms are core, with differentiated implementation

pathways and supporting mechanisms such as monitoring, evaluation, and public participation gradually being improved.
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Current research still faces challenges including limitations in data and methodology, insufficient theoretical integration, and

poor policy coordination. In the future, development should move towards intelligence and refinement, strengthening frontier

explorations in uncertainty quantification, cross-scale model integration, system resilience research, as well as balancing

equity and efficiency, to provide scientific support for global sustainable development.

Keywords: Water-energy-food nexus (WEF Nexus); Collaborative governance; Theoretical evolution; Methodological

innovation; Regional practice; Multi-factor systems
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