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Complexity of Spatial Structure on the Urban-rural Road Network
in Wuhan Metropolitan Area

LIU Cheng-liang', YU Rui-lin', ZENG Ju-xin',Wang Jia-qi’

(1.School of Urban and Environmental Science, Huazhong Normal University, Wuhan, Hubei 430079, China;
2. Business School, Hubei University, Wuhan, Hubei 430062, China)

Abstract: Studies on the complexity and non-linearity of the spatial structure of road networks have attracted
increasing attention during the past several years. However, few efforts have been devoted to the spatial and
structural properties of large-scale road networks. In addition, most of current studies focused on either spatial
morphology of road networks or structural pattern of road structure, while a comprehensive analysis on the spa-
tial restriction of road network structures is ignored. To fill in the knowledge gap, this article introduces a se-
ries of approaches to uncover the spatial influences on the structural characteristics of general road networks.
The road network of Wuhan Metropolitan Area (RNWMA) is taken as a case study and the spatial heterogene-
ity of the structure of RNWMA is analyzed from three aspects with the help of software including ArcGIS9.3,
Pajek2.7 and SPSS16.0. Three aspects of spatial heterogeneity of the RNWMA are studied, which are impor-
tance of road intersections, accessibility of road intersections and clustering of road intersections. For each
property, both statistic analysis and spatial distribution analysis are carried out. Results are visualized by map
or chart. Possible explanations are also given. It is found that in the RNWMA: 1) the importance values of
roads with high accessibilities in RNWMA follows a power-law distribution, which may indicate that the RN-
WMA is a scale-free network. While the importance values of roads with low accessibilities follow a Poisson
distribution. The co-existence of scale-free and random properties for roads with different accessibility makes
the entire road network a complex system with some “emergent” properties; 2) the average length of the short-
est path between two roads is relatively large. While the traffic links between two roads in terms of topological
distance follow the law distance decay and obvious hierarchy circles can be observed. The spatial convergence
of the shortest path length is significantly influenced by roads with high hierarchy (e.g. expressway) and shows
perturbation deformation. Two urban transportation corridors, i.e., the Beijing-Zhuhai (north-south) and
Yichang-Huangshi (west-east) are observed. Besides, statistically the values of the betweenness of road inter-
sections show exponential distribution although spatially they are relatively even; 3) The clustering coefficient
for the RNWMA approaches zero, while several network communities are observed. The spatial distribution
for the road intersections with large value of clustering coefficient are “crescent” like, and road intersections
with low clustering coefficient values are sparsely distribution in the region. Attempt made in this study will
not only help to interpret the structural organization and growth in a limited geographical space, but also shed
light on visual analytic means for geographic environments. It is our hope if the findings of this article can pro-
vide any alternatives for current road network study, and give practical supports for the construction of ur-

ban-rural road network.
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