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(K29 Jullien et al, 1987 &)
Fig.1 Two approaches to generating a regular growing fractal
that is often employed to model urban growth (the first four steps)
(modified from Jullien et al, 1987)
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FERE R MATHE . AR Viesek 70T M 4EE0M 5., — 4~
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HIEAZ A ANKRA/MERIFAE (R 2), T351,

2 —FrR AR 8 B PR 22D B 5 Bk (T =20)
(HR7E Batty et al, 1994 15 24)
Fig.2 Two approaches to estimating fractal dimension of
a regular fractal (the first three steps)
(modified from Batty et al, 1994)
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MEF REERKE, &F 50 RARR LR C R A
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RIS ? IR, (HXS T4 250 1t
FEHEMH AR X BRI R RN AT o3
HEAE v BEAT 2200 (B LB AR B TR 22 57, ]
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Approaches to estimating fractal dimension and identifying
fractals of urban form

CHEN Yanguang
(Department of Urban and Economic Geography, College of Urban and Environmental Sciences,
Peking University, Beijing 100871, China)

Abstract: Fractal cities and city fractals have been studied for about 30 years, but many basic problems have not
yet been fully solved. Among the various basic fractal problems about cities, the most important are how to
estimate fractal dimension and how to identify fractal nature of a city as a system or a system of cities in an
effective way. Based on urban form and the box- counting method, this article discusses the approaches to
calculating fractal dimension and determining fractal property of cities. The theoretical foundation of fractal
dimension computation is the concept of perfect covering. In other words, in the process of fractal dimension
measurement, a fractal object should be covered with boxes in the best way: nothing more, nothing less. In
practice, it is hard to find the optimal way of box covering. Therefore, three rules should be followed. First, the
sequence of measuring scales should be consistent with the cascade structure of a fractal city so that the fractal
details can be captured in a reasonable way. Second, the operation of obtaining observational data should be
simple and convenient to use so that the method can be applied by beginners. Third, the size of the dataset for
fractal dimension estimation should be large enough so that the result of fractal parameters is stable. A
conclusion can be reached that the geometric scale rather than the arithmetic scale should be employed to make a
measurement because the fractal structure can be abstracted as geometric sequences instead of arithmetic
sequences, and the measuring scale sequence should comply with the 1/2" rule (that is, 1, 1/2, 1/4, ...). After
estimating the fractal dimension of a city, the fractal property can be identified by the statistics from fractal
dimension calculation. The good way of identifying the fractal nature of urban form is to use confidence
statement, which consists of fractal dimension values, margin of error, and level of confidence. Given a level of
significance (for example, «=0.05), we can draw an inference that a city's form is of fractal structure because it
has a fractal dimension with a determinate level of confidence (for example, (1-a)x100%=95%). Using statistical
analysis, however, one can never have full (100%) assurance that a city has a fractal form.

Key words: urban form; fractals; fractal dimension; self-affinity; box- counting method; multifractals; scaling
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