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Fig.2 Interactions among the microscopic intelligent agents
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Tab.2 Scenarioes of urban residential space extension based on different land use and environment protection polices
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Tab.5 The comparison of the land use structures among the four residential space extension scenarioes
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Fig.5 Results of the residents’ choice

a. Tt
e
i
Lo
5
G8 ST
3 Fu
a'-‘
0

a. f5e 1

I

AR
o — AN

o fEBIF RS %

[ 6 TR HIE 7 5 SEAFE
Fig.6 Spatial differentiation of the
effective demand density

0

— fEBIF RS R

P 7 S0 DS T A P M ) 2 ) o3 A
Fig.7 The actual spatial distribution of
augmented residential land

c. TH5E3
«®
i
. 4w
3 -
-

§ ee— BT RS

K8 5t 1.2 3 B XA R RN A

Fig.8 Sketch maps of the probability for residential development under the three scenarioes

Tl
iz
£ (i
o S
’?‘ ,*.""x’\:'gkt .
A
pYp

I 5 R
— T K

0

5 JE
o — SN

F9 5 1.2.3 FFr miE i shas (6] 404 F

Fig.9 The spatial distribution of augmented residential land under the three scenarioes



964 woBORE e HE R 304
0.782, B FHHL0.015, 4K *6 EEETREZAHELHNEFHESHATHILE
I #b0.03 5), Tab.6 Comparison of the overall social utility changes among the four residential space

T8 5 1 i TR BU™

evolution scenarioes

; 1t B A 1 55 [N & A AR
i /‘Jif@{:’” FIFREE {7 KR T wEE PN KBS ASPHRE ARG A
PP IR N v R ) 3R Sl R MR BUSm® B B
. . \ fis1 20.15 22.05 -0.00257 -0.58 -0.447 -0.149
lﬂ%i’f {Wj ARSI E SLY ff 155 2 32.65 61.01 -0.0179 -6.37 -4.140 1121
Pt SR, TEA SR T H A 53 2485 35.46 -0.00686 2.1 -1.168 -0.343
S 25.84 . -0.00780 -3.67 -2.870 -0.114

PIRCLF BRI Y [R]IF , FRL

A7 FH 1l 68 45 5% F0 A b A
F AR fes o H
ST AT AR
HB T IR A S ) R AR g I sk B A S b Y
LR &5 i 3Cim % %€ R AT AL %Ak, JE 1M
PR S A F S BRSO A2 B0, E A £ 7S (]
AT IR

5 5% 2 B ASE SRy TE A 1) AR b BB 3R R 25 RO 3 1l
T MR ARG 2205 A2 20 5 NS4 A iy T A2
K, [FIB A 2 #2538 T Ik I A RS A
B it R, L HLAA B B S a5 AR AR RS A
i K E R AR SR LAY o5 L B e, A AN
Ak R R, 1T HLAR SR X R A R BN
ST T AR SRR 2. R 2 iR T
WS a5 BE AT AR, 5 AR I T ) P 9
itk

1% 50 3 FSEBRE A e IR, &P R 1
B e , N30 A3 I i 24.84 m* F125.84 m’
IEF N JEAE b i B AR 25 m? BT, e
FURIE o A ARIE AR 2 R T A R A 48 B A 2R 1Y
[R5 G AR E T 4330 2% Jm T e s )3
WA . SEBRIE S, AR D AR L
R B A T S X H AR A ST AR RN
W A R AR AELSE R S op N34 K S A s
R ORI A AL BEIE WA 4R /N o B A
T U AR ALY TR BEREAG , DRI T30
i BSR4 o B RS o

4 ZhpAe

(1) MEE T4 REMR B R AT o SN AT 5 4
Mo A P A 5 2R B30T i A 5 TR AR ) 22 FE AR Y
AT LA S8 gt A AR AT Dby X A 2 1AL 2 14
MR, 02 EAR R G =Z 23 (W RS, T
JeEAE S (A1 AL A MR I R s R AR BT R

RS RN i IO AR Tk NN SR A Ak DN S AT RS o G =T E R i A IR E s =)

TPk SRR A E AU B b, FEA A DAL w5 R LRSI H R oL A

Ji A P M TRIASL A 42 S 200 1 3 S L) SR SR i o AIRMAC N ARG 2 b (2 IR (L, o
(192 RERP A S T B HR 0 R AT NS e 2 DA 19 3 PR 2R oy S B T 8 DX A B

PR PR3 TT SBORT B4 b ) T DX A7 R SR 7l L 2 ] 11

%, 5 GIS BRI ZE & w] LI RO iR AME i AR
TEAS AN 25 (] SR B E BN I, X IO T4l A
Tl Bl P 1) S A R

(2) ToIR AL T I —Fh i AT b 45 K PR35
PRAPBOR AT 5, BB 0 ELAE IR, 25 300 e R
TR E B R BRAR A DXL A R SR A 2 T
PR ZZ 4R , RIS I H RPIROUR R, 30T J R AR
RO S EE R UR R VAR EPa ys) rE sy I OE A St
o2 B SR AR i 22 32 BT 2 T I R IEA LA 1Y
SN T JiE: B S PR B R g B 9 B R R
AFVFB . XIS ()25 6] A ZH UL
ARBE.

(3) BUR AT RIHL AT 5 WL AP 2 Vel P i
A XA A B LA . RS s 1
S BILR] 18] T S 00 A G 10 T 3 B 5 5 1Y
SR gL A RIPLHL R — & TH K
AU, ANTR] RT3 4 T IR S B AN [R) B T
AT Y DR 2 P BOR ) 9 = B IR R AR 24
R, RIS RE T A RAT 5 L ) 25
P AL Z [l e R A AR B 7

(4) SEH8 X A 25 (8] A9 S PRy AL 15 B2 T, I
T 3 )P KRG DX 4 PR At T A 7 XA Ee
B2, B DT A He e, DRI, 7 2004 4F 2 HiT, 58
DU B RAE T IT A I E R T 3RAB 45 50 X
ST CTT & E T 2004 4F 2 )5, WD B e 7 2
I3 DX B FEIT L, — @ R AR e 1 AR AT
Rk

S 3k
[1] McDonald A D, Little L R, Gray R, et al. An

agent-based modeling approach to evaluation of multi-



8441 LUE SEANE P e B S B A STV AR VU RN 965

ple-use management strategies for coastal marine eco-
systems. Mathematics and Computers in Simulation,
2008,78(2-3): 401-411.

[2] Mathevet R, Bousquet F, Le Page C, et al. Agent-based
simulations of interactions between duck population,
farming decisions and leasing of hunting rights in the
Camargue (Southern France). Ecological Modelling,
2003, 165(2-3): 107-126.

[3] Deadman P, Gimblett R. A role for goal-oriented autono-
mous agents in modeling people-environment interac-
tions in forest recreation. Mathematical and Computer
Modelling, 1994, 20(8): 121-133.

[4] Monticino M, Acevedo M, Callicott B, et al. Coupled
human and natural systems: A multi-agent-based ap-
proach .Environmental Modelling & Software, 2008,
22(5): 656-663.

[5] Manson S M. Agent-based modeling and genetic pro-
gramming for modeling land change in the Southern
Yucata’'n Peninsular Region of Mexico. Agriculture,
Ecosystems and Environment, 2005, 111(1-4): 47 - 62.

[6] Ligtenberg A, Bregt A K, Lammern van R. Multi-ac-
tor-based land use modeling: Spatial planning using
agents. Landscape and Planning, 2001, 56(1-2):21-33.

[7] Ligtenberga A, Wachowicza M, Bregt A K, et al. A de-
sign and application of a multi-agent system for simula-
tion of multi-actor spatial planning. Journal of Environ-
mental Management, 2004, 72(1-2): 43-55.

[8] Ligtenberg A, Lammeren van R, Bregt A K, et al. Valida-
tion of an agent-based model for spatial planning: A
role-playing approach, Computers, Enviorment and Ur-
ban Systems, 2010, 34(5): 424-434.

[9] Francisco M, Roy J. A model for residential supply. The
Annals of Regional Science, 2004, 38(3): 531-550.

[10] Bura S. Multi-agent systems and the dynamics of a set-
tlement system. Geographical Analysis, 1996, 28(2):
161-178.

[11]Benenson I. Multi-agent simulations of residential dy-
namics in the city. Computers Environment and Urban
Systems, 1998, 22(1): 25 - 42.

[12]Otter H S, Veen A, Vriend H J. ABLOoM: Location be-
haviour, spatial patterns, and agent-based modeling. J
Artificial Soc Social Simul, 2001, 4(4): 1-21.

(13X, BRE, S0M, 45, T 28 AR 1A 1) 3 A AT
SR, i F2E4R, 2006, 61(10): 1101-1112.

(141X, B, M. BT 28 B IR R G0 25 () 5K
£ R B A= A FAS Jay A2 OB b R R D O,
2006, 36(11): 1027-1036

[15] Bah A, Tourél, Page C L, et al. An agent-based model
to understand the multiple uses of land and resources
around drillings in Sahel. Mathematical and Computer
Modelling, 2006, 44(5-6): 513-534

[16] Castella J C, Kam S P, Quang D D, et al. Combining
top-down and bottom-up modelling approaches of land
use/cover change to support public policies: Applica-
tion to sustainable management of natural resources in
northern Vietnam. Land Use Policy, 2007, 24(3):
531-545.

[17]Valbuena D, Verburg P H, Veldkamp A, et al. Effects of
farmers’ decisions on the landscape structure of a
Dutch rural region: An agent-based approach. Land-
scape and Urban Planning, 2010, 97(2): 98-110.

[18] Russell S, Norvig P. A T % f: — Fhai A% 5 k. 247
&5, PR AT HEHL T RREE, 2004

(1912 & P B ™ Mk B T 3454 5 52 A1 A BIF5E [ D]
H3kHh e sE AL, 2006.

[20]4: 0 . KRS 23 20 A48 i g AR
Jit, 2008.

RIPETE, K. AT, dLat: iIEERF A, 2008.

[22]2006 4F & X T & 28 & £ 1 5 7 K A& R4
2006-6-2[2010-9-10].  http://news.wuhan.soufun.com/
2006-06-02/722966 2.html,2006.6.2.

[23] RO FE BE. 2011 4F—Z B35 5 01 2 2 5l 3
AT 82 4. 2011-4-1[2011-4-10].http://fdc.soufun.
com/news/zt/201104/qingdaogoufang2011.htl.2011.4.1.

[24] trgtfe. BB I = TP AR k. dEat S HE
Jitt, 2002.

[25] W)L 45 48 it Jm 2K BT 2006 4R AR PR £ BEORL
2007-6-27[2010-9-12]. http://www.stats-hb.gov.cn/
structure/xxgk/tjfx/sztjfxzw_8196 1.htm,2007.6.27

(261 EZEE, sk, rh T L AR 29 Bg o pr 55552
UEWFSE. KHE: BT i, 2008.

[27]Costanza Robert, Arge Ralphd', Groot Rudolf de, et al.
The value of the world’ s ecosystem services and natu-
ral capital. Nature, 1997, 387(6630): 253-260.



966 o R % i R 30%:

Multi-agents Model for Simulation of Urban Residential Space Evolution
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Abstract: Multi-agents model (MAS) is an effective tool for studying and simulating complex social and eco-
nomic systems. MAS model itself does not have complicated modeling steps, but gives a modeling ideas and
mechanisms of "from micro to macro and from bottom to up". In China, market mechanism and planning mecha-
nisms are the major driving and regulation forces of urban residential space evolution. This paper builds an ur-
ban residential space expansion model based on GIS and MAS that contains micro intelligent agents and envi-
ronment agent, aiming to investigate the interactions between the market mechanism and planning mechanism in
the process of urban residential space transformation. On the basis of the cognition of the behavior characteris-
tics of the market mechanism agents of urban residents and property developers, the model analyzes the impact
of the two market mechanism agents on the evolution direction of urban residential space, and the paper points
out that under the policies of state-owned urban land in China, the urban government's land supply decides the
urban residential evolution patterns and the total benefits of residential land development. Thus, by adjusting the
land use and environment protection policies of urban government, the model sets three policy scenarioes and
achieves the preview of the evolution of residential space for each scenario, which can provide guidance for
land use planning in advance. Wuchang and Hongshan districts in Wuhan city are chosen as the experimental ar-
eas. By the MAS model the paper compares the land use structure and land use benefits in the process of the resi-
dential space evolution from 1998 to 2008 among the three scenarioes and the actual situation respectively.
Some main conclusions can be drawn as follows from the model’ s outputs. Firstly, there are always intersec-
tions between the real residential space evolution and the model’ s simulated results under different scenarioes,
which means that because of the influence of macroscopic environment, urban government may adjust its land
use policy, natural environment protection policy and so on in different periods. this is just one of the characteris-
tics of Chinese real estate market. Secondly, urban residents’ residential favor can affect the spatial form and the
speed of urban residential space’s growth. The third is that compared with land redevelopment of the old urban
area, newly developed land in inner suburban districts has a lager proportion in the evolution process of the resi-
dential space from 1998 to 2008 in the two experimental districts. In fact, the government of Wuhan city had fo-
cused on the development of new residential land in the suburban fringe areas before 2004, but the emphasis has
been transferred to the old city transformation and land redevelopment after 2004.

Key words: urban residential space evolution; land use; GIS; multi-agents; scenario analysis; Wuhan
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