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Study on Carbon Emission Efficiency Based on the Three—dimensional Footprint

of Water—Energy—Carbon in China

YANG Chuanming, WANG Fanlin, SHEN Jie’
(Urban Development Think Tank, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: The water—energy—carbon footprint runs through all sectors of economic production. Any change in a single
footprint will have a linkage effect, which in turn affects the efficiency of carbon emissions. Previous studies have mainly
calculated carbon emission efficiency from the perspective of direct resource consumption and single resource input in the
production process, and rarely considered other sources of carbon emissions and carbon emissions generated by intermediate
production or consumption. For this reason, a super—efficiency EBM model is designed to evaluate the direct carbon emission
efficiency, indirect carbon emission efficiency and comprehensive carbon emission efficiency based on the three—dimensional
footprint of water—energy—carbon. Then, provinces in China from 2002 to 2022 are selected as research objects to analyze
their spatiotemporal evolution characteristics and influencing factors. The study shows that direct, indirect and comprehensive
carbon emission efficiency all show a “U”—shaped trend of first decreasing and then increasing in time, and the comprehen-
sive carbon emission efficiency is affected by direct carbon emission efficiency and indirect carbon emission efficiency
to varying degrees; technological progress is the main driving factor for improving carbon emission efficiency, with the high-
est technical progress index of direct carbon emission efficiency, followed by comprehensive carbon emission efficiency,
and the lowest indirect carbon emission efficiency; carbon emission efficiency presents a gradient distribution pattern of east>
central> west> northeast in space, and the efficiency center is concentrated in the eastern region; economic development, envi-
ronmental regulation and technological innovation are important driving forces for improving carbon emission efficiency,
urbanization rate and industrial structure have heterogeneous effects on the three carbon emission efficiencies, and water inten-
sity and energy consumption play a restraining role on the three carbon emission efficiencies. Based on this, countermeasures

and suggestions are proposed to better improve the carbon emission efficiency level of various provinces in China based on the
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three—dimensional footprint of water—energy—carbon.

Key words: water—energy—carbon; input—output; carbon emission efficiency; spatiotemporal difference; super—efficiency ep-

silon—based measure model
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Table 2 Average carbon emission efficiency of provinces based on the three-dimensional footprint of water-energy—carbon (Stage | )
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Table 3 Average carbon emission efficiency of provinces based on the three-dimensional footprint of water—energy—carbon (Stage Il )
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Fig.1 Carbon emission efficiency of regions in China based on the three-dimensional footprint of water-energy-carbon from 2002 to 2022
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Fig.2 Spatial distribution of carbon emission efficiency based on three-dimensional footprint of water-energy-carbon
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