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Figure 5 Distribution of urban network degrees in Northwest China, 2022
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Evaluation and optimization strategy of resilience of

urban network structures in northwest China

GUO Qiangian, ZHANG Zhibin, MA Xiaomin, ZHAO Xuewei

(College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China)

Abstract: [Objective] The resilience of urban network structures is a crucial guarantee for the

recovery and stability of urban spatial organization. Current research predominantly employs

individual flows and focuses on developed regions, and there is relatively little research that

combines multidimensional factor flows while also focusing on the resilience of network structures

in underdeveloped regions. Therefore, this study took the underdeveloped Northwest China as the

research object and explored its network structural resilience based on multidimensional factor
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flow, in order to fill the gap of related research and enrich the empirical analysis of network
resilience from the perspective of multidimensional factor flow. [Methods] This study focused on
51 prefecture-level administrative units in Northwest China for the year 2022. It investigated the
structural characteristics of urban networks from three perspectives: economic, transportation, and
information, quantitatively measured their hierarchy, matching, transmission, and agglomeration,
and examined the structural resilience of Northwest China’ s urban networks under various
disruption scenarios by using the method of computer simulation and proposed optimization
strategies from different perspectives. [Results] (1) The economic, transportation, and information
networks across the 51 prefecture-level administrative units in Northwest China are generally
distributed in a pattern of dense in the east and sparse in the west, showing core-periphery
characteristics, but there are significant differences in the structure of the three types of networks. The
economic network density is low and the stickiness between the core nodes is large, showing the
characteristics of coexistence of “strong assisting weak” and “strong alliances”, with multi-group
pattern and fragmented development trend. The traffic network is more closely linked, with stronger
inertia in intercity links, showing a “small world” effect, a spindle-shaped pattern, and a turbulent
development trend. The information network has wide coverage and strong permeability, showing
coordinated characteristics, a strip-like pattern, and a turbulent development trend. (2) The three types
of networks differ greatly in terms of hierarchy and matching, and less in terms of transmission and
agglomeration. The Matthew effect of the economic network is obvious, characterized by strong
homophily at the core and weak heterophily at the periphery; the traffic network tends to experience
three-dimensional development, showing local robustness and regional vulnerability; and the
information network has highly heterogeneous resilience, showing the characteristics of flattened
network structure and diversified connection paths, with a high level of resilience. (3) Deliberate attacks
are significantly more damaging to network resilience than random attacks, and a hit on a core node has
a greater impact on network operational efficiency than on a vulnerable node. [Conclusion] The
problem of uneven regional development is particularly obvious in less developed regions, where
the core city has concentrated power but a shorter radius of radiation, and cities on the periphery
are not sufficiently motivated to develop. There are both similarities and differences in resilience
characteristics between the three types of networks, and network resilience under different attack
modes is characterized by phased changes. In order to promote the sustainable development of the
region, response policies should be formulated according to regional characteristics.

Key words: factor flows; urban network structure; resilience evaluation; disruption simulation;

optimization strategy; gravity model; northwest China
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