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Abstract Now it is urgent to identify the
future urban form for Beijing, which
faces challenges of rapid growth in urban
development In this article we develop
Beijing Urban Spatial Development Mo-
del (BUDEM in short) to support urban
planning and corresponding policies eval
uation. BUDEM is the spatialtemporal
dynamic model for simulating urban
growth in Beijing metropolitan area,
based on cellular automata ( CA) ap-
proach In the papex concept model of
BUDEM is introduced, which is estab-
lished basing on prevalent urban growth
theories The method integrating Logis
tic regression and M onoLoop is used to
retrieve weights in the transition rule by
MCE After model sensihility analyss
we apply BUDEM into three aspects of
utban planning practices; 1 Identifying
utban growth mechanism in varous his
torical phases since 1986; 2 Identifying
utban growth policies needed for the im-
plementation of desired urban form ( BEI-
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JING2020), namely planned urban form;
3 Simulating urban growth scenarios of
2049 (BEIJING2049) basing on the ur-
ban form and parameter set of BEF
JING2020
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(Beijing Urban Spatial Development Model,

BUDEM ), (cellular automata,
CA) (agent based modelling, ABM )
CA ,
CA
CA ,
. CA , )
CA ,
) (White and
Engelen, 1997). —
(Clark and Gaydos, 1998 ). (Xie,
1994). (Wu, 1998. 2002; Wu and Web-

ster, 1998 ). (Li and Yeh, 1998.
2000. 2002. 2004; Yeh and Li, 2001. 2002. 2006).
13 (He et al , 2006). (He et al ,
2008).
CA ,
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o CA (pure CA) . . .
CA
(Engelen et al , 1997; Clark and Gaydos, 1998; Wu, 1998; Ward and Murray,
1999; Ward et al , 2000; Li and Yeh, 2000; White et al , 2004; Alkheder and Shan, 2005; Guan
et al , 2005; Zhao and Murayama, 2007 ).
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BUDEM 3 Logistic Mono Loop
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( ) )
s CA BUDEM s

@ (lattices ) , 16410 km® ( );
@) (cells): 500 m>500 m, 65 628
3) (cell states): V=1 ( )y V=0 ( s
@) (transition rules): (multi-criteria evaluation, MCE);
G) (neighborhoods): M oore , 3X3 . 8 )3
©) (discrete time): 1 Tteration = 1 Month,
BUDEM 1 s

BUDEM s

V:tl = f{ Vi'.jv Global, Local)
= {V.,, LOCATION, GOVERN MENT, NEIGHBOR

t

V,;/'s
d_tamijsd _vcityij, d_dityij,d_vtownij, d_ bwnij,
= A d_river,;, v _road,; d _Htown,;, f _rgn.;,

planningij,con _ fi.;, landresource;,

neighbor; ;
Vﬁ_,; t iy
VZ]: t+1 ij
f: ( )
BUDEM (Rule-based Modelling, RBM),
( )s ( )

(Scenario). BUDEM 1
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# 1 BUDEMEAY 2% ) A i — Y

Type Name Vale Description Policy Data”
d_ tam >0 LOCATION
d_ vaty >0 LOCATION
d_aty =0 LOCATION
LOCATION d_ vtown =0 LOCATION
( ) d_ town =0 LOCATION
d_ river =0 LOCATION
d_ road =0 LOCATION
d_ batown =0 BOUNDARY
f_ron 0~1 LOCATION
planning 01 PLANNING
GOVERNVENT con_f 01 CONSTRAIN
( )
123
lardresource 456 LANDRESOURCE
78
NEIGHB
GHBoR neighbor 0~1 LANDI *
( ) /8
*LANDIi  CA . 1 Q
23
CA s : (MCE).
(PCA). (ANN). (GA). Fisher . .
( , 2007), MCE

(Landis, 1994. 1995; Landis and Zhang, 1998a. 1998h)
CUF CUF-2 (California Urban Future M odel), MCE )
DLU ({(developing landuse unit, , “What
if” Uniform Analysis Zone (UAZ) 2, CA . CA



, (Wu, 2002) (2007) P.= P, X con (s;= suitable) X {1,
s s P, MCE ( , global probability),
Q con (Joint probability ). (Wu,
(Wu and Webster, 1998) MCE ) AHP
, ) (Wu, 2002) Logistic ( LR)
MCE , AHP
, ; Logistic
(Clark and Gaydos, 1998)
(nested loops) ) ) )
( 6.6.6.5.7
7560 ) 252 ) Xie et al , 2005)
CA , ,
, BUDEM 13 ( ), 6 ,
neighbor 12 Logistic ,
Wi-12, (M onoLoop),
(goodness-offit, GOF) neighbor wN ",
29 | , .
s e P Allocation
step Num s

L LandAmount = 2, stepNum'

1
2 Si — Wo

+ wmXd_tam;+ wa Xd_vdity; + wsXd _ citys+ waXd_ vtowny + ws X d _ town;
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+ ws Xd _riveri + wiXr _road; + wsXd _ bdtown; + w X f _rgn;

+ wio X planning; + wii X con _ f+ wu X landresource;

+ wN X neighbor;

1998).
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Pugue = 7=
z; = at Zbkxk 3
a: LOGISTIC
br: LOGISTICI
Xz
Progisic: LOGISTICI
Logistic ( 1,
0), 2 neighbor 12 ESRIArcGIS SAMPLE
. Y, , LAND-
USE ( , 2007). SPSS
“, Wi 12
Logistic neighbor 12 ,
s , neighbor (wN), wN
. wN  Logistic w12 .
, GOF, (
), . 100%™,
25
ESRI ArcGIS GIS ,
CA s BUDEM ArdObjects s VBA
, BUDEM s
BUDEM 3 ,
BUDEM (GUD),
s , 4 s GIS CA , ,

26
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, 150 km. BUDEM , 16410 km*> C  5).
100 m R 6 338 km?* ( ),
39%; 10 072 km?, 61 %.
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5 WX
BUDEM ) (LANDUSE). (CONST RAIN ).
(LANDRESOURCE). (LOCATION). (PLANNING ). (BOUNDA-
RY). (POLICYZONE) (SOCIO-ECONOMIC)
“, NODATA, ESRI band  GRID,
( 500 m, BUDEM ,
500 m, ).
(1) LANDUSE 1986 . 1991 . 1996 . 2001 20060 TM ( 30
m, 500 m ), ; N .
s landuse s 1, 0,
(2) CONSTRAIN , 110

( » 2006) own _ f
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100 m, 500 m.

(3) LANDRESOURCE )
(1988) ) s landresource

, 200 m, 500

m.

4) LOCATION ) ( )

), ( . . . . )\ (
) ( )\ © (
). (N GIS ) ESRI ArcGIS  Spatial
Analyst Distance Straight Line ; ( Do
f_rgn . . (Potential M odel )
( , 2002; Weber, 2003),
( GRID ) ),
(6) PLANNING 1958 s
, 1958 . 1973 . 1982 . 1992 2004 (
, 2006 ), ; planning s
1, 0.

6) BOUNDARY
d _ bdtown ESRI ArcGIS  Spatial Analyst Distance /
Straight Line

(7) POLICYZONE PLANNING ,

POLICYZONE.,
landuse s ,
@®) SOCIO-ECONOMIC (1999) 1952 .
, (
)
3
BUDEM s Logistic
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, : 1986 ~1991 . 1991~199% . 1996 ~

2001 2001 ~2006 . s d _tam. d _vcity. d_dty. d_viown.
d _town. d _bdtown. landresource. con _ f N s plan -
ning. d _road o s neighbor
2 (B ), s
, (
) ,

*£ 2 AEIEM B Logistic [F11H &L
B (2001~2006 ) B (1996~ 2001 ) B (1991~199%6 ) B (1986~ 1991 )

d_tam — 0000 016" —0 000 035° —0 000 041"
d_ vcity — 0000 025" —0 000 031" —0 000031"
d_ city — 0000 019" — 0 000 066" — 0 000 033"
d_ vtown 0 000 025 0 000 058"
d_towvn 0 000 089 0 000066
d_river — 0000 138"
d_ road — 0000 256" —0 000 804 —0 000524 —0 001092"
d_ batown —0 000 377"
f_ron 4 302 458" —13 737 258"
plaming — 0410 472" 0 254 173 0 575671 1 310654"
can_ f — 0521 103" —0 453 115 —0 497 453" —1 506 241"
lanaresource —0 075543 —0 233262
Corstant — 0174 524 0 588 961 —0 998 267" —3 610055"
* 0 001
2001 ~2006 s MonoLoop s wN' =12 5, GOF=97 920%,
, 6 , LAND2006TM ,
s BUDEM Mono Loop

s BEIJING2020  BEIJING2049

4 BEIJING2020:

2004 4 (2004 ~2020), PLANNING2004
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s 2020 ,
s CA ,
7 Logistic M onoLoop CA
BEILJIN G2020 °,
41
PLANNIN G2004 9376 , 2006
5297 OVERLAY C 7 712
, 5256 » 59660

: 9376+712=10 088
10 088—5 297=4 791 € ,
628—712) 65 628=98 915 %).
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PLANNING2004 LAND2006TM s Logistic (
)9 Wi—n ) 3
(B ), 96%, d _bdtown region
s 0 001,
# 3 2006~ 2020 4F: Logistic Al & 41
B SE Wald df
d_tam 0 000 01 0 10 542 1
d_ veity —0 00002 0 55 241 1
d_city 0 000 01 0 11 149 1
d_ viown — 0 000 09 0 383 699 1
d_ town —0 000 10 0 192 663 1
a _river —0 000 09 0 33 037 1
d_ road 0 000 68 0 128 971 1
d_ batown
regian
plamirg 23 173 97 3 482 44 286 1
can f 1 205 16 0 064 352 253 1
landresource 0 141 43 0 019 53 82 1
Corstant —21 366 64 3 513 36 997 1
Logistic s s M ono Loop GOF  neighbor
(WN), CA . wN s
(0~100), ( )s MonoLoop
Mono Loop » WN
0~100 69 wN , 22. 5h. dGOF AwN 8
, wWN 0~20 , GOF , 98.4% ;s wN>20, GOF ,
wN=76 . wN=100 GOF 92 7%; wN =82 BEI-
JING2020 , 98 493% , 98 915% O 422%,
4 2
Lo gistic MonoLoop wi-n wWNT, CA
s 168  Iteration, , 10 104 6 297s

30 3s /teration). 9 (BEIJING 2020 ),
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1~168

[teration
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wh
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98.50
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98.49
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A

98.46

-3
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[

98.45

\
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98.44
98.43 A
TV

%

98.42
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K8 BEIJING2020 MoroLoop i FR i1 dGOF /awN % (FEy E B R 3RO

(PLANNIN G2004)
, GOF N N
1) GOF
Mono Loop GOF
@)
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(BEIJIN G2020)
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@ Moran I , PLANNING2004 012
(Z Score = 31. 1), BEIJIN G2020 0 14 (ZScore = 38 0), ,
( 16 7%). @Separate clusters ,
1 Separate cluster ( s 1 eell )s PLAN-
NING2004  BEIJING2020 C 4),
s s 1~-5 el cluster . @FEdge cells Edge
cells s
( ), PLANNING2004 4045 , BEIJING2020 4219 , 4 3%,
# 4 Separate dusters iE4E H
Cluster size Cluster number
(celD
1~5 173 238
6~ 10 32 39
11~20 23 27
21~50 15 17
51~ 100 2 1
=100 ihl 1
sum 256 333
3)
s (d _ tam) 10 .
( 5)’
#5 TGS R
ID d_ ctam (km) 2]
cell % cell %
1 0~5 317 31 305 33 —42
2 5~7 296 29 287 31 —49
3 7~ 10 624 61 604 6 4 —48
4 10~ 12 525 52 513 55 —57
5 19~ 18 1849 18 2 1737 18 5 —19
6 18~30 3238 318 3010 32 1 —08
7 2204 217 1938 207 48
30~ 50
8 868 85 789 8 4 14
50~ 70
9 237 23 189 20 156
70~ 100
10 100~ 150 12 01 4 00 176 6
sum 10 170 100 O 9 376 100 0
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, PLANNING2004 BEIJING2020 GOF.
s , Mono Loop s
GOF “,
4 4
PLANNING2004 s
s . 2001 ~2006 C 6,
, PLANNING2004
% 6 BEIJING2020 K 2001~ 2006 4 [1] )= R xf L
B (2001~2006 > BEIJING2020
neighbor 125 82
d_ tam —0 000 016 0 000 008
d_ vcity —0 000 @5 —0 000017
d_ city —0 000 019 0 000 009
d_ vtown — 0 000 094
d_ town — 0 000 095
d_ river —0 000 138 — 0 000094
d_ road —0 000 56 0 000 684
d_ batown
f_ron 4 302 458
plaming —0 410 472 23 173968
on_ f —0 521 103 1 205157
landresource 0 141429
Canstant —0 174 24 —21 366643
BEIJING 2020 s s 2001 ~2006
s 2020 10 s GOF=93 526%, BEIJIN G2020
4 967%. BEIJING2020 s s
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L B
< MR, 86
[ lmmsma—5

I s i e, R0

K10 %E4E 2001 ~ 2006 4 4 R A5 A BEIJING2020 #2404 21

5 BEIJING2049:.

51
2020 2049
100
. 2020 ~2049 .
2020 ( “4,2 ” ) 2020
BEIJIN G2049 . 2006
\ BEIJING 2020
BEIJING 2020 , 30 /9,
100m® / , 2049 2 670 , 3412 km® (13 650 cells)
2049 (stepNum=10), BEIJING 2049 , 11
( BUDEM , );
( . ). BEIJING2020

, s s « 5 2 2
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52
521 (A)
, . , (step Num ) ,
s stemNum GDP .
s step Num
s s 4
stepNum,
sep Num = % = dPOP X xXk
Vs t s km®
Vi to s km’

dPOP:; , /
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X ., m*/
A BEIJING 2020, 2049 BEIJING 2020
, . step Num . Al
A2 . , Al 2020 ~2049 86 /s
(2049 4 294 ) 100 m* / , 2049
5023 5km® (20094 cells), 12

o)

F

X (&R
25
km
E 12 N E il K s g )
522 ®B)
. B , s
> BEIJIN G2049 (

stepNum ). Bl . B2 B3
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523 ©

C . BEIJING2049

/ 100 m* / , 2049

3412 km?, s stepNum=10.

) (

: Cl . C2
. G5 . Co6 . C7

( ) 4 )

K13 S KA LS

53
BEIJING 2049 .

conr ( ) green.

rural (Moron 1), 7
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B vz mt
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2 670 ,
0 )’
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EB.

R(E)inFR
25
C——Jkm
14 SRR RS,
KT BWHFEBEMLERSE (ko)
canf conr green agri rual Moran |
BEIJING2020 538 1807 1128 150 169 014
BEIJING2049 1050 2119 1312 542 244 019
Al 1890 2775 1539 1227 403 014
A2 768 1976 1287 347 201 018
C1 843 2376 1595 397 284 025
c2 918 2257 1630 469 272 025
C3 912 2253 1369 455 258 020
C4 765 2214 1181 492 248 013
C5 1007 2230 1457 563 280 017
C6 906 2352 1555 438 268 024
(074 905 2345 1526 438 266 022
C8 919 2385 1544 445 269 023
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AL ERE RAFAHTALRAE (NSFC 50678088). ER “ + —£” #HE %A  (2006BAT14B0S)
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5 9 TR 2006 S0 E B AR IF T, BAITRRRF NS S FARDLE )RR T Ao HEGKF T
AR ALK R IR — A A RARE T P e, AR AT Al

R
@
@) . CA . CA (exogerous) . .
, . . SPSS )
won_ f con_r —0 936 , wn_r ; d_edge d_tam 0 994
d_edge d_ vaty 0 751, d_ edge .
® ) ) ,
@ ) )
® 9% 256 nf.  500mX500m  ; 1950~2006 .
200 mXx 200 m ; 2005
190 mX 190 m ; 20 345 nt, 140
m< 140 m . BUCEM 500 m , )
© BUDEM ( . . . . . )
@ “26 ”
, ( “ submerke s), )
s (gpatial heterogeneity)
)
© , Laogistic , , SPSS

Regression Binary logistic  FORNVARD: LR
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