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on multi-layer network embedding
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Fig.1 Spatial pattern of multilayer network centrality of Chinese cities in 2020
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Fig.3 Scatter plots of urban energy utilization efficiency against multilayer network centrality in 2020
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Table 2 Baseline regression results of estimating the impact of multi-layer network embedding

on energy utilization efficiency
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Table 3 Test results of the moderating effect of urban absorptive capacity
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Table 4 Test results of the heterogeneous impact of multi-layer network embedding on energy utilization efficiency
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Examining impacts of multilayer network embeddedness
on energy utilization efficiency of Chinese cities

Sheng Kerong, Li Xiaorui, Wu Shilei, Li Yaze
(Economic School, Shandong University of Technology, Zibo 255000, Shandong, China)

Abstract: The urban system in China is essentially a multilayer network composed of evolving
and interacting single-layer relational networks. Understanding how the embedded characterist-
ics of cities in these multilayer networks influence energy utilization efficiency is crucial for ef-
fectively balancing economic growth and sustainable development in China. This article sets
out to empirically investigate the impacts of multilayer network embeddedness on energy utiliz-
ation efficiency based on a panel data set covering 282 prefecture-level and above cities in
China in 2005, 2010, 2015, and 2020. To this end, three single networks, i.e., network of top
500 public companies, network of patent transfer, and network of flight, are used to construct
the edge-colored multigraph. Three main findings stand out. First, both multilayer degree cent-
rality and multilayer PageRank centrality have a significant positive impact on the energy utiliz-
ation efficiency of Chinese cities, which is still valid after a series of robustness and endogen-
eity tests. Second, urban absorptive capacity acts as a positive moderator between multilayer
network embedding and energy utilization efficiency, with energy efficiency effects increasing
alongside improvements in urban green innovation, entrepreneurial incubation, industrial struc-
ture upgrading, and digital economy development. Third, the energy efficiency effects of mul-
tilayer network embedding demonstrate multidimensional heterogeneity, with non-resource-
based cities benefiting more from multilayer PageRank centrality and resource-based cities
from multilayer degree centrality. In addition, central and western cities experience greater en-
ergy efficiency gains from multilayer network embedding compared to eastern cities. The res-
ults underscore the significance of a city’s integration into extensive networks for its energy
performance, highlighting network capital as a crucial component of urban energy utilization
efficiency. The paper also fills the gap in the juxtaposition between agglomeration and network
economies, by clarifying that city network capital and local agglomeration factors have an inter-
active and complementary relationship in enhancing urban energy utilization efficiency. This
results highlight the need for Chinese government to promote multilayer urban networks, en-
hance urban absorptive capacity, and consider the differing impacts of network embedding for
better and coordinated development of urban energy utilization efficiency.

Key words: multilayer urban network; energy utilization efficiency; absorptive capacity; net-
work capital; space of flows
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