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Multidimensional coupled emission reduction in the water-energy-food-ecology-
engineering nexus of the Guxian Water Conservancy Project on the Yellow River
LI Chaoqun, SHI Chang*
(Yellow River Engineering Consulting Co., Ltd., Zhengzhou 450003, China)
Abstract: Against the background of China’s carbon peaking and carbon neutrality goals, research on the
coupled emission-reduction effects of major water projects through the coordinated use of basin water
resources, energy development, food production, and ecological protection is of great significance for clarifying
the role of water projects, improving operational management, and supporting high-quality development
in river basins. As an important control project on the main stream of the Yellow River, the Guxian Water
Conservancy Project performs multiple functions, including flood control and sediment reduction, water supply
and irrigation, clean hydropower generation, ecological regulation, and water-sediment regulation. Its carbon
effects are characterized by multiple processes, multiple scales, and pronounced water-sediment coupling.

Based on an analysis of the regional water-carbon background of the Guxian Water Conservancy Project
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and a review of research progress on the carbon effects of reservoir projects, water diversion and irrigation
projects, and hydropower projects, this study incorporated life-cycle activities, including engineering material
production, construction, operation and maintenance, and decommissioning and restoration, into the analytical
framework, and developed a multidimensional coupled emission-reduction framework integrating water,
energy, food, ecology, and engineering. The study argues that the low-carbon effects of major water projects
cannot be represented by a single emission-reduction benefit such as hydropower substitution. Instead, under
unified temporal scales, spatial boundaries, and baseline scenarios, comprehensive accounting should include
clean-energy substitution, energy savings in water systems, the carbon efficiency of food security, changes in
ecological carbon sources and sinks, and life-cycle carbon emissions from engineering activities, with particular
attention to water-sediment regulation-induced changes in organic carbon and nutrient transport, riverbed
erosion and deposition, and ecological processes. On this basis, a research framework of “one objective, five
dimensions, five types of effects, and seven supporting components” was proposed, with emphasis on basic
data monitoring, life-cycle carbon accounting, coupled-mechanism modeling, green construction and low-
carbon construction practices, multi-objective low-carbon operation, digital-twin platform development, and
policy and institutional safeguards. This study can provide support for the green and low-carbon construction
and operation of major water projects in the Yellow River basin.

Keywords: carbon peaking and carbon neutrality; major water project; water-energy-food-ecology-engineering;

multidimensional coupling; net carbon effect; life-cycle carbon accounting
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