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Fig. 1 Framework for evaluating the efficiency of WEC
systems based on network DEA
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model with undesirable outputs and spatial durbin

The Temporal-spatial Pattern and Influencing Factors of Water-energy-carbon

System Efficiency in Resource-based Cities of the Yellow River Basin

WANG Yun!, WANG Wenbin!, YI Ning?, ZHANG Linjing?

(1. School of Management and Economics, North China University of Water Resources and Electric Power,
Zhengzhou 450046, China; 2. College of Economics and Management, Shihezi University, Shihezi 832003, China; 3.
College of Surveying and Geo-Informatics, North China University of Water Resources and Electric Power, Zhengzhou

450046, China;)

Abstract: [Objective] Under the background of rigid water resource constraints in the Yellow River Basin, revealing
the collaborative optimization of the water-energy-carbon system provides a reference for promoting the green and
low-carbon transformation and sustainable development of resource-based cities in the Yellow River Basin.
[Methods] This study uses the network DEA model to calculate the efficiency of the water-energy-carbon (WEC)
system and its sub-systems of resource-based cities in the Yellow River Basin from 2010 to 2023. Based on the
modified gravity model, the WEC system efficiency correlation network matrix of resource-based cities in the Yellow
River Basin is constructed. QAP regression analysis is used to explore the reasons for the efficiency differences.
[Results] (D The average efficiency of the WEC system of each city in the basin shows an "M" shape trend. The
efficiency of the downstream and upstream was close and both were significantly higher than that of the middle
section. @The network connectivity of the WEC system and its three subsystems was good, and the network density
was increasing in a fluctuating manner. Among them, the efficiency of the energy system continued to improve and
surpassed that of the carbon system and water system. (3 The efficiency of the WEC system was greatly influenced
by economic, geographical and technological factors, and the correlation strength between cities that were
geographically adjacent or had similar resource endowments was significantly higher than that of other cities.
[Conclusion] There are significant differences in the WEC system efficiency of resource-based cities in the Yellow
River Basin and imbalances among the systems. Policies should be tailored to the location characteristics and
development stages of the upper, middle and lower reaches to promote high-quality development of resource-based
cities within the basin.

Keywords: water-energy-carbon system; resource-based cities of the Yellow River Basin; network DEA; social
network analysis; QAP regression
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