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Fig.3 [Illustration of 3D urban growth simulating with homogeneous cellular units: (a) and (b) are the results of A level city, (¢)

(CY]

and (d) are the results of B level city, (e) and (f) are the results of C level city.
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Fig.4 Illustration of 3D urban growth simulating with the center distance model: (a) and (b) are the results of A level city; (c)
and (d) are the results of B level city; (e) and (f) are the results of C level city.
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Fig.5 Illustration of 3D urban growth simulating results with the transport distance model: (a) and (b) are the results of A level

city; (¢) and (d) are the results of B level city; (e) and () are the results of C level city.

CHIET: WK 3(e) 53D, K4(e) 54D, H
5(e) 55D FT7R. 6 CHIMTT, HIN w2
A7 BN, OF BB oK & 2 AR
R R AR R . IR SRR KA /N, A AR
TR RCERIR . CHR TR T 5 BUAER i 2B
(23 ARk 7, b, AR 17 vh a3 25 72 Hh 0 CBD
T LA R 7 X35k i 7 M 8 A R A 8 A AR 46
EAESURAERE. R 2K 3R, CLITT R
JS e FH 8 e PR BT 2 BRI 7 2 50 A AR 1) A ik
A HSE, PR S A 57 2 M (3R 3 BT
HEE . K3 () 530, El4(e) 54, K 5(e)
550, B3 53D, w2 @Sy E AL
A e E AR, ST G, I R 2 )2 AR
MK 4(e) 54D, &2 @A R L2 R I T Ik
T K R B 18 5 Ce) 5 5D b, w2 A AR
TRV AET T8 3 A B AT a2 A ) LA 2 o

T B2 H A AT 3 BRI g L 2 S, )
ST B 345 3 R R Ak 117 = 4 A R S Y
SERAEAT T it oo ST RS C AR L 5 o

SRS ASE IR 3 ECUEE 25 7 2 ) v o SN [ B 125 19 G
J, G vk AN [7) BR B 3 Fl Al AR 28 v, SRR
SO S T 0 T = A 4% ) 84 K 8 5 W 5 A8 T P
R, TR I T P A8 3 4 i A [R]85 1) e M e -
SFLT 380 v SR A8 T 25 o ik T = 4 A )
(R RE I o A SO R AR5 18] ) K/ 4y 80%80% 80, [A]
1, 0 M 100 5 P 2 e i ) e 10€0,0,00 [ BE 15 4
40, ¥4 FE KB 4 35558, 4 i U B 70 M % R o
d, <14 [ Cl et FF B S B L, 14<d, <28 1)
JEH RIS 2, dy = 28 GG
SV 387 v JEE 3 0) AT 3 S AR AR e i B s 1 R
B A5y Ry 3 B, R 4 40 3 B 129 70 J s T o
LN 15, IR, B d, < 5 B e 5T
J£ 1, 5<d,<10 1) 70 M 5 0 o 5 2 s B 2,
dy>10 1) T B0 VF B0 35 i B2 35 SR U5 X 3 Fb-F
389 v R SR AR ME 22, 43 BT 3 LB AL AR [R] B B 1 A 4R
SP38) teiy B8 22 0 RN 5 e S U 3 ARG 20 T e A e A
S By B, 45 Rk 3 .

El6Ca). (b)) ()7 Hibhf A Zkli, BT, C



5HA B

[E TR E

B SW REEZI N RV R S ) 669

R3 FREWH = 4= A KRB BT SE PR

Tab.3 Average height comparison among three-dimensional urban growth models

AT BT R PR Py 2 PHmES  CPmEREE RS
AT [ e M o 1.7 1.4 1.6 0.2 2.0
RNy i 2.0 1.5 1.3 0.4 1.9
A R A Y 1.4 1.2 0.9 0.3 1.7
B T IFi] G R A 42 3.8 3.9 0.2 47
RPNy Saray it 48 2.1 1.6 1.7 45
A R B AR 4.0 3.3 2.5 0.8 42
CEdih i R et it 5.9 5.0 5.5 0.5 6.4
rh P B R 12.1 45 2.4 5.1 5.3
A R AR 6.9 5.1 4.0 15 52

W, 22 T 3 AR I 4 Bl 38 R A AT .
] 6 J 52 3 ) LAAG 5 T [m] 5 o M SR e AR, A
I, BT, C gk in AN [R] PR 25 1) 3 R
e BEAE KBS ], ~F24 v BE AR E 2235 /T 0.5 & 3 40
HEARY P SRR P 5 3 B B 40 7T v () %o AR
P34 i PR TR R A AN T AR S o )
HBEHLIE K, WA T R R 2 2 gy, BT o
FATC IR R 2R A A1), T L S R T oh b
FEAE HA 5 mPE, AN R b X H AT AN TR] 1) 3 K A
Koo T B S AR, A IR, B T, C 4
30T FP AN [ B 1 3 RSP 34 g PR AR AT 25 B K, P
e FE B HE 2578 3 R v 5 ey 1Y), L v C 3 Tl P
o FE AR AE 22 0y 5.1, X W I N 36 Tl O B 2 B
T Wt TR AR A AT ) 3 P SR AR
T 2, 35 B v B ek T PR RS IR AT AR
LR A e LT S s g s W 11 = T = =
AR R AR PRI R0 CBD X, X AS I
BRI, A IR TT, B AT, C T AN [R] R B

(1% 3 o~ 24y vy A 2 o e o PR B R R N, P8
e SRR 22 R /N T LA PR AN BT 2 ), FEAS 1R
FR LR R A 8, X U I I N AZ T IR B A F S, SRR
RIBA YR AT v, &2 R E AP AL
TH I 2 T B AT, 33X U AR 5 B S v ki ) O e A
TSI AV 22 3T ) S A A 3 £ i S [T
I

XTEEE 6(a) (b)) (o) 3 2L S50 ) AT 34 1
FET R I, ml LAAS H 3 415250 5 AT SR i B AR 2288
/N I UG RS IR Hh S e O P S RS T I 2 ) S Bk
TR () S P R AR e R B R0 R IR AR Ak, 02
FH ) o BB A — i I 22 5 AR 1 AL 2R PR B AL
HEAT # R, o0k — B R) IR e, H 2 78 o B4R
RIS () S5 44, S ) v RN i o B ) BRI o T
FE 3R T A S ) v 0k e TRk R, B 2 i A
T ARAS FL IR, Fp O B DR, A T B IR T
H ZH 2R DR 35 5 i o, e DR AR R ) B B L Ik
TR e vh A5 A 20 2R FH ) 7 ke ¥ E EAE

w— CPHEAEL e SPYEEE2 w3 —— BT R
6

25 14

2.0 1 12

o 10 |

w15 ﬁ% 8
a 5

# 1.0 w 6

4 -

051 5

0

0 FFTCHE  HLEE ey BEﬁEE% FF7oH SoLiEs  ACEEER [FFTeHE  Hr0RE ey ﬁﬁﬂi%
L ST EUE R TR R TR LS BTN & 1

(@)

©

L6 3 ddn iy = ¢ = ) S HAS R R0~ By v S B = Cad kg A B3k 3 AR 2R - 24 s o LU P, (b) 24 B 3kl 3 A 2y
R RN LEIET, (o) 2 C i 3 PR -2y ey X EL ]

Fig.6 Average height comparison among three-dimensional urban growth models: (a) Average height comparison in city level A;

(b) in city level B; (¢) in city level C.
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The Three-dimensional Urban Growth Simulating Based on Cellular Automata

QIN Jing"*, FANG Chuanglin'” and WANG Yang’
(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Guangzhou Institute of Geography, Guangzhou 510070, China)

Abstract: Research of urban growth has focused on the two-dimensional flat space, while the development of
the modern city is three-dimensional. So the development and changes of the modern urban space could not be
accurately described by two-dimensional method. Therefore, the research of three-dimensional urban growth has
great significance to the future development of the city. Based on the theory of self-organization in urban devel-
opment, the urban growth simulating model using three-dimensional cellular automata (3DCA) which proposed
by Bengguigui was improved. The center distance parameter and the traffic distance parameter were added to the
model. And new three-dimensional urban growth models were set up: the center distance model and the transport
distance model. The two establishment steps of the model are as follows: Firstly, described the calculation meth-
ods and the economic interpretations of all the model parameters. Secondly, gave the potential development func-
tion of three-dimensional urban growth and the transition rules of the cellular state. The three-dimensional urban
growth simulating experiments based on the given models was developed by NetLogo 3D. NetLogo 3D is a pro-
grammable modeling environment for natural and social phenomena simulation, which could show simulating re-
sults both in two dimension and three dimension view. The experiment results show that the three-dimensional
urban growth simulating with the models proposed in this paper is more approximate to the reality city extension

progress than Bengguigui’s model, and also prove that the urban development is a self-organized process.

Key words: three-dimensional urban growth; 3D cellular automata; urban growth simulating; NetLogo 3D mod-

eling
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