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Synergistic Governance of Urban Trans-Boundary Resources
and Environment: Theoretical Framework, Application
Scenarios, and Future Directions

WANG Dongfang LIU Gengyuan MENG Fanxin

[Abstract] From the perspective of complex system science and nexus, this study constructs a
theoretical framework for resource and environmental element nexus in complex urban ecosystems (i.e.,
the urban ternary multi-dimensional nexus (UTMDN) framework) based on the theory of urban metabolism
and tele-coupling. It systematically describes the flow pathways, spatial patterns, and nexus connections of
multiple resource and environmental elements in the "natural-economic-social" complex system of cities.
This study demonstrates the theoretical framework's viability and scientific validity by taking the energy-
water-land nexus in four Chinese municipalities as an example. Using a multi-scale input-output model,
it breaks down city administrative divisions and achieves measurable and traceable urban energy-water-
land footprints at the sectoral-city-national-global level. Results show that above 70% of virtual flows are
supplied from outside the urban administrative boundaries, and the four cities are resource-intensive, with
construction being an energy-intensive sector and agriculture being a water-land-intensive sector.

[Keywords]| Integrated Urban Eco-system; Tele-coupling; Synergistic Governance; Sustainable

Management
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