FRACTAL CITIESAND CITY PLANNING

CHEN Yanguang

ABSTRACT: The power-law associated with fractas
isoften regarded as asignature of feasible optimality
thusyielding further support to the suggestion that
optimality of the system asawhole explainsthe dy-
namic origin of fractd formsin nature. Many empiri-
cal studies have shown that cities have fractal
structures and fractd structureisthe optimized struc-
ture of nature In fact, afractal body can occupy the
space in the most efficient pattern. In this sense,
planned with theideaof fractds, acity will be ableto
makethe best of the limited geographical space. This
paper explainswhat is fractal cities, how to under-
stand and messure fracta cities, and how to plan the
future citiesusing theideaof fractals. Fractd citiesis
one of the significant fields of self-organized cities,
thedevelopment of the principle, theory, and method
of fratd city planning reliesheavily on theadvance
of thetheory of self-organized citiesasawhole.
KEYWORDS: fractdl city; sdf-organized city; spa-
tial optimization; city planning
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Fig.1 Koch snowflake models of citiesbased on central
place systems (the first three steps)
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Fig. 2 A deterministicfractal of modeling urban growth
(the first four steps)

1
1.1
scale-free characteristicsize
1991
[16]
1994
“
[5} ”
[17,18]
[11,13]
1
1996 Maryland
Bovill

[19]

41 2001

Manchester

Cromptom
_ Hyde
[17,18]
2
Kaye
[20]
sector
residential comrercial-industrial
open space vacant land
district 1
neighborhood
site
[20]
3
[6,22]
[23-25] 1985
texture (6]
structure  —
k=3 Koch
1
2
“
1.2
Vicsek
initiator



4816 2
4
2 k k-
1 1/3 r=1/3
5 N(r)=5
D=-InN(r)/Inr=In5/In3=1.465 =2
3
box-counting method 3
1/3
5
N(r)=r?
_ In[N(rk)/N(rH)]L InN(r)=_ 1 265
In[r, /v, 1 hr In(1/3)
k=1,2,3
R 3
5
3 N(R)=R?®

INNRINR, D] INR)_ It

= =1.465
In[R/R, ] IR
i=1,2,3

1b D=In7/1n3=1.771

CA [51

Diffusion-limitedAggregation,
DLA DielectricBreakdom
Model, DBM

4 [4,16]

[26]
DLA CA
CA
[8.9]
[5.8]
21
2
2.1
[28]
ey
| =113 |
T
3
Fig.3 Two methods of estimating dimension value of
growth fractals

DLA&DBM
Fig.4 A random fractal of modeling urban growth (DLA
or DBM)

35



Planning Studies

” [29]
Beaux-Arts
“ Paris
"4 Opera
Crompton “
picturesque composition
” []_8]
2.3
= = 2.2
o |8
i'\_) a [4,5,8,27]
§ N self-
m organized network
§ LS
suboptimal
2
greenbelt vacant
land open space
1-2
2-3
G. Eilenberger “
1-

1![&)]

Bauhaus —_— 1



the second nature ” “ the third R e
nature "1 b 3
2 ‘ 1.2 - _l ‘
: m? Hljt‘.- - I-'!Iﬂ.’J u” ..2-;‘-.:'.’.-
‘ Tt
L. L |
3 S
j——r Y
ke -
], g
LB ; : ;
scale-freenetwork ‘ B Er e _. |
[32,33] 1880 1630 1950 2000
it
SARS
b, A4k
b
5 (
1.9 41 )
d=2 Fig.5 Fractal dimension changes of urban form: Lon-
1981 D=1.93 don and Berlin (Ref. [4])
4
CBD
D=1.7
1.701+ 0.025[4.18 1.7 “
” 1-7[4]
D=1.618 _
D=1.7
D=1.8 4
[35]
1.8-1.9 1.7

5 [

37



Planning Studies

[4,37,38]
df b=D/df
b<1
[36,38] b
D=1.7141
df=213%1
b=1.7/2=0.85[%1
6 [36]
[10,15]
Fig.6 Regular pentagonal network of fractal urban
system (Refs. [10, 15]) D<df<2
>1
D<d=2 p "
D>2
7
< <
<T= < 8.9 6 [0
o |8
8|7 Bossomaier Green
=z
Sl Peano
m ° 14
w
form
chance dimension [
CBD
4
allometricgrowth [4.%61 1
A=aPpb = apb/d
A P a
b scaling factor [¥¥1 D
df
b
2.4

1
Tab.1 Comparison between the fractal € ementsand urban planning types

| T

Al MET HEFER u »




[17-19]
« » 6
D D
Drs= —L =0
dy G
Drs D,
dfs
Dl
dfl

1

bottom-up

” [40]

Notes
Vicsek

[20]
1998

top-down

T. Vicsek 1980

Seripinski Carpet

open space
vacant land “

open space

“ »

Kaye 1989

39



Planning Studies

M. Batty
H. Takayasu

6 AB+BC=CD, BC+CD=DE, CD+DE=EF

Fibonacci
AB/BC= BC/CD= CD/DE= DE/EF - 0.618
N=5 r=2.618

D=In5/1n2.618=1.672

J. Wheeler “

5002

M. Batty
Spatial Analysis and Planning, UCL

6C

INY JR—

<
o
r
N
©o
z
o
N
e
m
w
N
o
o
o1

P. Abercrombie 2003 12
20
“ Fractals, Cities

& Geography ”

i 1999

“ nou nou ”

SUNY-Albany M.
Woldenberg

References
1 PortugaliJ. Self-Organizationand theCity [M] . Berlin:
Springer-Verlag, 2000.

2 [J]
2003 27 10 17-22.

3 Mandelbrot B B. The Fractal Geometry of Nature [M].
New York: W.H.Freeman and Company, 1983.

4 Batty M, Longley PA. Fractal Cities: A Geometry of
Form and Function [M]. London: Academic Press,
Harcourt Brace & Company, Publishers, 1994.

5 FrankhauserP. LaFractalité desStructuresUrbaines [M].
Paris: Economica, 1994.

6 Arlinghaus S. Fractals Take a Central Place [J].
Geografiska Annaler, 1985,67B,2: 83-88.

7 Arlinghaus S L, Arlinghaus W C. The Fractal Theory
of Central Place Geometry: aDiophantine Analysisof
FractalGeneratorsforArbitraryLoschianNumbers[J].-
Geographical Analysis, 1989, 21: 103-121.

8 White R, Engelen G. Cellular Automata and Fractal
Urban Form: aCellular Model ing Approach to the Evo-
lutionofUrbanLand-UsePatterns [J] . Environmentand
Planning A, 1993,25: 1175-1199.

9 WhiteR, Engelen G, Uljee I. The Use of Constrained
CellularAutomataforHigh-ResolutionModel ingofUr-
ban-Land Dynamics [J] . Environment and Planning B:
Planning and Design, 1997, 24: 323-343.

10
71 1992 12 4  1-5.
11 [
1994 9 1 26-30.
12 IJ]
1994 10(4) 36-41.
13
[J1 2000 20 2 166-171.
14 Bossomaier T, Green D, . .
L
1999.
15 S v
1992.

16 Batty M.CitiesasFractals: Simulating Growthand Form
[A]-In: AJCrilly,RAEarnshaw,HJones.Fractalsand
Chaos[C] -NewYork:SpringerVerlag,1991,pp43-69.

17 Crompton A. The Fractal Nature of the Everyday
Environment [J]. EnvironmentandPlanningB: Planning
and Design, 2001, 28: 243-254.

18CromptonA. FractalsandPicturesque Composition [J].
Environment and Planning B: Planning and Design,
2002, 29: 451-459.

19 Bovil I C.Fractal Geometry inArchitectureandDesign [M] -
Boston: Birkhauser, 1996.

51



” [J1. 13
2003(5 68-71. [J1. 2000
6 ) 1. (10  26-30.
2003(1 1-6. 14
7 .o ” 1. [J1. 1999(4  1-3.
2003(2 28-34. 15 ,
8 ) S [J1. 2001(2 25-28.
[J1. 2002(6 9-12. 16 ) “ "
9 ) 1. [J1. 2003(3) 3-5.
2003(6 66-71. 17
10 , . [M]. [J1. 2002(4  6-8.
2003. 8L 1 M ,
11 ) 1. [M]. 2003.
2002(3 35-38. 19 ) [i].
12 ) [J1. 1999 2 6-9.
2001(11) 33-38.
40 29 , ™M1 51
20 Kaye B H.A Random Walk through Fractal Dimensions[M] . 1996 P16. T
New York: VCH Publishers, 1989. 30 Gleick J, . [
21Wang F H, ZhouY X. Modeling Urban Population Densities 1991 P126-127.
inBei jing1982-90: Suburbanisationand itsCauses[J] . 31 Pullan W , Bhadeshia H ,
Urban Studies, 1999,36(2): 271-287. , M
22 Koch — 2003.
K3 9] 32 BaratésiA-L.Linked:The New Science of Network[M] -
1998 18 4 33-37. Massachusetts: PersusPublishing, 2002.
33 Barabasi A-L, Bonabeau E. Scale-Free Networks [J]-

23 Wong D, Fotheringham A S. Urban Systems as
ExamplesofBoundedChaos:ExploringtheRelationship
between Fractal Dimension,Rank-Size, and Rural to
Urban Migration [J] . Geografiska Annaler B, 1990,
72:89-99.

24

[J] 1993 13(3  48-53.

25 e

B
2003 27 7 12-17.
26 [J]
1998 2 22-25.

27 Benguigui L, Czamanski D, Marinov M, Portugali Y.
Whenand Where is aCity Fractal [J]? Environment and
Planning: Planning and Design, 2000, 27: 507-
519.

28 White R, Engelen G. Urban Systems Dynamics and
CellularAutomata: Fractal StructuresbetweenOrderand
Chaos [J]. Chaos, Solitons & Fractals 1994, 4(4):
563-583.

Scientific American, 2003, (7): 50-59.

34
71 2001 16(4 20-24.

35
71 2003 58(3 343-353.

36 Lee Y. An Allmetric Analysis of the US Urban System:
1960-80[J] - Environment and Planning A, 1989,
21: 463-476.

37 Takayasu H. Fractals in the Physical Sciences [M]-
Manchester : Manchester UniversityPress, 1990

38 —

—— NordbeckDutton
71
1999 12 2
198-203.

39Mandelbrot,BB. Fractals:Form,Chance,andDimension[M] -
San Francisco: W. H. Freeman, 1977.

40 Batty M. The Fractal Nature of Geography [J].
Geographical Magazine, 1992, 64(5): 33-36.



