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Dynamic simulation of Shanghai urban expansion based on multi-agent system

and cellular automata models

QUAN Quan, TIAN Guangjin* ,SHA Moquan
School of Environment, Beijing Normal University , Beijing 100875, China

Abstract: A dynamic urban expansion model was established by integrating and taking advantages of cellular automata
model and multi-agent simulation model. The model first simulated Shanghai urban expansion in 2005 and was tested, then
it was used to project the expansion in 2010 and 2020. The data sources were mainly obtained from the Shanghai digital city
data (including schools, hospitals, residential, commercial, industrial, parks and green spaces) , digital elevation model ,
and social and economic data. The two parts, cellular automata model ( CA) and multi-agent system ( MAS), of the
established model were integrated in the ArcGIS environment. The multi-agent system was used to overcome the deficiencies
of cellular automata model. The influencing factors ( such as social, economic, cultural and public policy) were included.
The administrative districts of Shanghai were divided into urban center, suburb and periphery areas. The projection of urban
land was based on the regression analysis of urban land, population and GDP from 1996 to 2009. The changes of other land
use type were calculated and predicted by Markov chain model. The physical, social and transportation factors of urban
systems were defined in the cellular automata model, including DEM, slope, and distances to watershed, airports, major
road and railway. The conversion probability of urban land was estimated based on “bottom-up” spontaneous conversion. A
binary logistic regression analysis was used to estimate the conversion probability of urban land. The behaviors of regional
authorities and residents were defined in multi-agent system model, and their different roles in the process of land use
conversion were defined according to their own characteristics. Each type of agents has different demands following their
own rules of conduction, and each type of agent selected the locations of urban land conversion according to their
preferences. The preferences of government agent were calculated by the distances to the locations of government. The
preferences of resident agent were calculated by the distances to railway stations, parks, schools and hospitals. The final

agreement was achieved by consultation. Urban expansion was determined by the behavior of agents, the interaction between
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different agents and between agent and environment. Multi-agent system model impacted on the driving factors of urban land
conversion. Random factors in the final urban land conversion probability were taken into account at the end. According to
the model, the Shanghai urban land in 2005 was simulated and compared with the actual land use status. The Kappa
coefficient is above average to 0.75, indicating the model has a high credibility. Finally the land use of Shanghai in 2010
and 2020 were predicted, and the results showed that the urban land of Shanghai will expand eastward and southward in

2020. The findings and forecasting would be useful for city planning and decision making.

Key Words; urban expansion; multi-agent system; cellular automata; dynamic simulation; Shanghai
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Table 1 Impact factors in CA

5200 K- Impact factors [AF255 Tmpact factors type A i Variables
F 30 MY B 25 Distance to urban land #1122 FF Social factors X
B AT R A YR ES Distance to rural residential land #1221 F Social factors X,
Z Bk A9 #E # Distance to cropland #1122 F Social factors X,
FI MR A9 B B Distance to forest land 4 #& [ Physical factors X,
FI Bl () #F 25 Distance to grassland [ #&X A7 Physical factors X,
F7K LAY BB Distance to water body 198K F Physical factors X
FHLIAMIE B Distance to airport #1221 F Social factors Xe
B HE B Distance to railway #1231 F Social factors X,
FI 23 A HE B Distance to road 12 F Social factors Xg
=2 DEM H %% F Physical factors X,
Wi Slope H 4R F Physical factors X
AR AR, Neighborhood of urban land 4RI [H F Neighborhood factors X,
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Fig. 3 Unchangeable impact factors in CA
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Fig. 5 Impact factors of decision-making of residents
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*2 TmHEENNEPEEHFEDFAER
Table 2 The results of Binary Logistic Regression in CA

o 1995—2000 4F 7] 945 57 2000 4F—2005 4F [l )45
E’JI fp[j? Regression result 1995—2000 Regression result in 2000—2005
factors HL X WERIX AR X HULIR X WARRIX HNEIIR X
Urban centers Suburb Periphery Urban centers Suburb Periphery
X, —77.198 -89.035 —68.918 -41.311 -62.357 -3.207
X, -0.740 8.011 15.796 -0.536 -4.128 -1.426
X, -320. 155 -450.215 —66. 689 -169. 857 -238.321 0.812
X3 3.190 0.308 0.909 0.118 -0.722 —1.494
X, 3.538 2.300 -3.818 ~7.569 2.444 -2.891
X; 4.279 -2.553 -1.310 2.304 -2.175 0.310
X 4.126 —4.472 -3.366 1.214 -6.140 0.483
X, 11.305 5.977 -5.646 -12.095 -3.162 5.476
Xg -2.674 -3.908 4.172 2.967 -3.348 -5.706
X, -3.530 10.039 -1.571 1.673 5.938 2.478
X0 15.034 -3.752 12.562 10.597 -4.522 -6.914
X 0.868 0.904 -2.090 -1.350 -1.243 9.113
#4& Constant —12.427 -2.088 -2.451 2.508 3.089 -5.307
*3 ARAREHNERSEEEEZMEFHRT
Table 3 The preferences of residents in different regions to each factor
ANTR] BRI i R e A 3 Preferences
Resident agents in the I H Bk 10 B B2 B 1 B 5 14 B 1 b 1
different regions Distance to railway Distance to school Distance to hospital Distance to garden
FFUL KX Urban center 0.358 0.098 0.199 0.345
RBIX. Suburb 0.751 0.039 0.061 0.149
HMAE X Periphery 0.000 0.122 0.195 0.683

FIIH 1990—2005 4 A4 L it 7 A - A FH T ARURILEN 1 G TR DG 4, 15 B A K
Urban =0. 6078 Population—173. 43 (11)

FUHT, Urban A0 230088 FH AR, B0 2 km® |, Populaiton 2678 TR, BN T A, b2 A AH ek
R® = 0. 7546 , U6 W38 B b T FRORILEL N ) 22 (AR AE — 2 I 2 PR AR DG, AT LR 23 =X 15 2010 4FFi 2020 48
A T A P T AR A R R

FREAZ 10, #2010 4FF1 2020 47 _F 1 TSN FREE 2 155 21 1985. 13 J7 AR 2412.26 J7 A ARAA K
11, 00] 2010 4FF1 2020 4F- 136 i 3 B 1l ) 5 R R R 21 1033, 13km® Fi1 1292, 74km® . ARHEELAE 7] 1 2005 4F
TR 913. 90km® , BT LAF 2010 4, i T 7 B 0 A M 119, 23km?, # 2020 4R R B L
2010 41N 259. 61 km? 5B Hb A RE T A AN In i) N 1 7522

AT BUR R R B3k T & J BOR HL A 2 8] A9 22 ORI AN (8] 1 ()5 2k | T DA AT DR 3 DA AR 23 T i 14
IR b 1 E ) 1 P 0 T rp 2% R B AR B R AR AR 1 — b N FH I 2, AR O 3 DX BT DX A1 B i X
3 ANIX 2000 4 ZE 2005 A HTHE S A M o B R SRAELFH Hb TR A LU ), o A TN 1) 3nk B b 3 K A i B
BAIRIX, BRI 4,

UM e R e e LY 5K () R BRI s T URFH O A3 I ) 2 A b D st il 2 xof
UM R IRAT A 19 S I FRAE RN U T Ay ) RO 25 78 4075 18 3% 53 Mk R 8 1 1) BT 8 B AR 10, X oA oF
IR FH M A 5Ky 1) B e B A B AR e . 8 Binary Logistic J5 i, #R¥E 2005 4 36 B8 FH M43 7 R M 1B
R BEAAXS AN R SE e R - A D -, & 5 2 40 oKt 18 PPt 3 DX 38T DX R A7 B 308 DX %) IBORT Y e A XA ] 5 il
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7 B D 4
R4 2010 F£7F02020 F_EiET = RHTHEH S A M FT
Table 4 The new urban land area forecast of the three regions in Shanghai in 2010 and 2020

i i I B B4R Urban land increment/km?
Time it L X WERIX. A3 X

Total Urban center Suburb Periphery
2000 —2005 4E 136. 06 22.59 67.99 45.48
2000—2005 4= Huffi] Percentage in 2000—2005 1.00 0.17 0.50 0.33
2005 —2010 4F 119.23 19.80 59.58 39.85
2010 —2020 4 259.61 43.10 129.73 86.78

R5 BT EBATERE RIS &30 E F R EF

Table 5 The preferences of government in different regions for each factor

fi4f{E Preferences
NGRS
Different regions BT BUR A9RE 5L X BUR AR 25
Distance to municipal government Distance togovernments of districts and counties
HULIRIX. Urban center 0.003 0.997
PEBIX. Suburh 0.491 0.508
%X Periphry 0.271 0.729

3.4 2005 4ERUZE R LA T

BERIR AT DL T R ASE A0 %) 245 SR 47 46 50 ([
8) o THINEE SIS IE J5 10— A 1B a5 % L FAE AT L
PR % AR Rl SR AR DL 4 R S B B
i, 328 a5 % FEHORG JE 5 S AR FU R 48— Se Rk 8 A28
I SRy 17 O A8 B0 AU 25 SR AT VRS A 9
T Kappa FHUE 1 Hb S WUBE TR 52 17 (AU 285 S0
AREILR

Kappa = (P - P) /(P - P) (12)

K, P, RIEFAEIAY H B P, S BEALE T 12
AIBLALL LA P 7R BRAR A3 S5 B0 T TE AR ATALLI L 3]
A Kappa F 50, 2 B[R RE BE ) — 20

SR AT Kappa R AU A5 2 H DX 30k
KB DX AN FE X 4 Kappa {8 43514 0. 759 0. 795 ,0. 780,
FWIFIFHICHL A Sl 5 28 e A4S & iR BRI |
VT 3BT A R 3h 25T Ak R, A R 0 AT A
(K8),
3.5 LT 2010 4 2020 4RI A FH S A T

E0nEENR

8 _EiET 2005 £ it F AL R
Fig.8 Landuse simulaiton of Shanghai in 2005

MIE 9 FE 10 % 2020 4F 11T - #o A H T 5 2005 4F 4 b A FHBUIR B AT LUE i 3l b = )
ARHR VU AR ACTER A 5K, LA ZR A R R K d o T [ R S R R S e B X R 22 L [ B
POIRAVRRRL, 31 2020 AF T ARHBT X4 AR P St ARG b o 08 DX PR SRR L 32 B — e, TR YT 2 B P IX )
SAFLH Ml 5 5 R DX R O — PR DI, T 5 0 DX PR T £ T VL SRS R IR 5%
TE X BIFEEZ WA /1N o AR DRI ] DX 52 B e R 2 3

http ; //www. ecologica. cn



2886 A E = 31 %

NOoREEnn
EORNENN

9 LifgTi 2010 £ Lt A TRE E 10 i 2020 £ F ARNE
Fig.9 Landuse prediction of Shanghai in 2010 Fig.10 Landuse prediction of Shanghai in 2020

4 it 5%

ASCK T F LR 258 RRARA AR S5 & M T — 3 EL BT AR o5 30 Tl = AR P 2 285 AR
R s GIS FARTFBe b Ll AT 7 9SERFSE . (1) 3852 Binary Logistic A7k 4001 14045 F 2RI
At 209 11 A5 0 PR X0 3 - R FH 3 25 B2 i, 38 15 B[] )32 91 R 2s 8] 4 X R4 T 1 LA, A9 3 FE A
[] A 308 T A J B B e ] — 3 Tl (9 AS [ 23 T 467 AR ) B4 s i PR 7 T R & S R O VE T, o7 1 il ot %
B W L NE SRR, (2) B oo H S WUR L A 2 Re AR AUAZS & RERDH T = A T L7 A
LU AUR ST B AR AR AL B e i, SCRE 1 B BB AR B e 3 T R FIIBURT R (AR 119 2 L4 1 47 A A 1) D gk (1)
RRAEH] 27575 TR O ME A0 S5 e AR, (3) AR 136 T 0 b A1) TR0 R0 00 ST 17 0 4 b T 4
SRy X IR DX RSN R DX B 53455 T PR - L DX P 9 52 MV D B0 20 BT 451 X PN 485 e A
PSR GEUR 1 i f R B, A P A AR5 A5 81 T T ARG 8 i B RN BU 45 5 . (4) X Lk 2010 4F
F12020 AF By L HOAFPIRS AT 1 000, B T 2005 4FEAORTDL 25 FAS B P IE R T 0. 75, RSG5 1x T LT
e A b A FH AR A B TN ELA 55 = T, T DAk = MR R SR A B — s S A A

ARV E T i R BRI FIBUMN B BRAR I 248 | AR 22 XA R HLAT F 2252 i 1) R 730 A I A BB A ok | L
W, 2 E R R e B a0 B P E B 3 . BUM R AR AR 09 0K 1 R A B0 A8 55, PRI Ay 3ok B FH b 1) 2 Ak
FI T 47 5K 32 BURF RN AT AR IS i, BUR T RRAAR AT e A T =
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