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Analysis of the evolution characteristics and driving factors of the
three-dimensional morphology of the city space: A case study of
Wuhan Main Urban Area

Li Bowen!?,  Peng Mingjun'?,  Tan Renchun!?
1. Wuhan Geomatics Institute, Wuhan 430010, China
2. Technology Innovation Center for Real Scene 3D Construction and Refined Urban Governance of Ministry of
Natural Resources of the People’s Republic of China, Wuhan 430010, China

Abstract: Objectives: To analyze the evolution of Wuhan's three-dimensional urban space and
identify its driving factors to help solve urban problems caused by rapid expansion. Methods: The
traditional architectural landscape indicators were used to analyze the general three-dimensional
space structure of Wuhan from 2000 to 2018. An improved VHG ratio was then introduced to more
accurately detect whether horizontal or vertical scale expansion occurred during the corresponding
year interval. Finally, we employed a random forest model to construct a nonlinear model to identify
the driving factors that have led to the current status of the city's three-dimensional space. Results:
From 2000 to 2018, traditional architecture landscape indicators show that the city of Wuhan
underwent an expansion in the three-dimensional city space features, and the construction of a large
number of residential buildings is the direct cause of this situation. The improved VHG ratio
indicates that the main urban area of Wuhan underwent significant vertical space expansion. In
addition, our study reveals that subway and railway stations have played a significant role in driving
the vertical scale expansion of the city's three-dimensional space. Conclusions: Our research
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successfully identified the evolution characteristics of the three-dimensional morphology of urban
space in Wuhan and the driving factors behind it. The methods we used in this study, including
traditional architectural landscape indicators, improved VHG ratio, and random forest model, can
be applied to other cities to provide insights into their three-dimensional urban space evolution.

Key words: Three-dimensional morphology of the city space, Morphological evolution

characteristics, Driving factor analysis, VHG ratio, Random forest model
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Fig. 1 Research area (The base map data is from the
open map service of Tianditu, while the vector feature

data is provided by the Wuhan Geomatics Institute )
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Fig. 3 Change trend of the VHG ratio
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Tab. 2 The VHG outcomes of each districts

# 2 Xif VHG I EER

R4

P FWX  LEX X HAX WEK EX FlX o dilX
2001 0.011 0.018 0.024 0.003 0.002 0.101 0.134 -0.002
2002 0.021 0.024 0.015 0.001 -0.007 0.029 -0.012 0.134
2003 0.035 0.023 0.037 0.009 0.014 0.101 -0.015 0.093
2004 0.025 0.012 0.069 0.012 0.003 0.044 0.013 0.041
2005 0.039 0.036 0.066 0.052 0.018 0.010 -0.001 0.094
2006 0.034 0.061 0.045 0.038 0.018 0.031 0.001 0.018
2007 0.055 0.058 0.063 0.074 0.023 0.074 0.002 0.081
2008 0.046 0.065 0.036 0.033 0.061 0.064 0.025 0.022
2009 0.055 0.046 0.042 0.033 0.035 0.093 0.047 0.067
2010 0.058 0.051 0.080 0.039 0.036 0.057 0.065 0.069
2011 0.038 0.039 0.077 0.029 0.052 0.022 0.040 0.024
2012 0.065 0.065 0.045 0.055 0.066 0.073 -0.017 0.143
2013 0.089 0.118 0.119 0.052 0.107 0.076 0.074 0.075
2014 0.080 0.050 0.089 0.083 0.129 0.077 0.033 0.093
2015 0.070 0.200 0.085 0.061 0.183 0.014 0.000 -0.006
2016 0.179 0.132 0.235 0.228 0.380 0.105 0.058 0.166
2017 0.006 0.027 0.002 0.000 0.007 0.003 0.000 0.000
2018 0.059 0.068 0.074 0.092 0.107 0.017 0.011 0.059
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Fig. 4 The importance analysis results of the driving factors
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Tab. 3 The outcomes of the correlation analyses between the VHG ratio and each driving factors
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Institute provides the base map data and the corresponding vector data)
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