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Remote Sensing Analyses of the Urban Morphology of Beijing Based on
Fractal Theory

XIAO Han, LI Zhipeng

Faculty of Information Engineering, China University of Geosciences, Beijing 100083, China

Abstract Analyses of the urban morphology are important for Beijing’s long —term planning. Based on fractal theory, this paper
qualitatively analyzes the morphology and changes of Beijing from 1992 to 2006, and then predicts the future evolution of the city. Firstly,
the city construction area data were extracted from Beijing TM images in 1992, 1999 and 2006 by using supervised classifications, then
with the city center as the center of circles, dozens of concentric circles with increasing radius were used to delimit the construction area.
Secondly, the critical points of two scale zones were determined through repeated computations, together with the area of construction.
Thirdly, on different scales, the power relationships between the construction area and the scale zone number were fitted with the goodness
of fit R*>0.995 to obtain the fractal dimension and the change scope of Beijing. Based on these experimental data, with further analyses
and comparison of the form of Beijing with that of other major cities, the future development of Beijing urban construction land and other
possible circumstances are predicted. Fractal theory was first proposed by American mathematician Mandelbrot in 1967. Self —similar
principle and iterative generative principle are the main principle of it, which means that fractal has the characteristics of invariance under
the usual geometric transformation, namely, scaling invariance. Its basic parameter is the fractal dimension. Batty studied the fractal city
morphology in 1985, and also the city boundaries and urban land—use with Longley. Based on the data of TM image, this paper obtained
the fractal dimension through ERDAS IMAGINE and ArcGIS. It is shown that the city of Beijing has clear fractal characteristics. From
1992 to 2006, the radius of the Beijing city boundaries is increased from 7.5km to 10km. It is predicted that the radius will increase to
14km in 2020 and the fractal dimension will be dropped down to 1.9.
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Fig. 2 TM image of Beijing in 1992 (a), 1999 (b) and 2006 (c)
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Table 1 Probability matrix
1992 1999 2006
96.88 0.28 1369 92.14 10.95 2479 100.0 3.70 873
3.13 99.72 1846 7.86 89.05 3462 0.00 96.3 1719
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Table 2 Accuracy assessment
1992 1999 2006
92.04% 0.9046 95.45% 0.9275 93.68% 0.9098
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Fig. 3 Supervised classification of TM image in 1992(a), 1999(b) and 2006(c)
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Fig. 6 Fitted curve
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Table 3 Changes of Beijing fractal dimension
1 2
/km R? /km R?
1992 1~15 0~7.5 1.9552 0.9987 1992 16~25 7.5~12.5 1.1987 0.9984
1999 1~19 0~9.5 19718 0.9986 1999 20~25 9.5~12.5 1.4333 0.9989
2006 1~20 0~10 1.9076 0.9959 2006 21~25 10~12.5 1.3890 0.9962
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