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A Spatio temporal Simulation and Planning Model for Farmla nd Conversion Based on

Multragent Systems
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Abstract : Following the principles of maximal spatial and tenporal planning efficiency as well as sustainable
development, a spatie temporal simulation and planning model for farmland conversion is developed with integra-
tion of multt a gent system and resource economics theory. The proposed model, which consists of some related
components, i.e., external environment, multr agent system, decision making framework, can explicitly represent
agents spatio temporal decisionr making behaviors and rules during the process of farmland conversion, simulate
the developmental tendency of farmland conversion under different planning guidelines and provide auxiliary
decisior ma king support for farmland resources planning. The proposed model is applied to the simulation and
planning of farmland conversion in the core areas of Changsha, Zhuzhou, Xiangtan city cluster in 2006—2020,
whichis the national comprehensive reforns test areas of building resource saving and environment friendliness
society in China. The sinulation results and the analysis of ecosystem service loss under different planning
guidelines show that the model is able to provide a spatial exploratory tool for spatio tempora | planning of farmland
conversion.

Key words : multt agent systens; farmland conversion; land use; spatio temporal simulation and planning

cE AR B R B AR ERRK AT HERREN, AT SR KR AAT R S5 5 it M Rk R 2
il AR A (STSPFCM)  ZAE R IM IR SHRAR S B RAER AR, T E AP0 L3k R A249 &8k &
AL 64 B 1) B R A BB R R, B RUR B RMIE RALALR) A N T 89 AR RAL R A Y, 5 AL AR RALAY IR AL
X AR AR B TEG S R Ky wAKE X, A A STSPFCM 5F 2006 —2020 K ¥ 1 Rk IF R4 3
TTRHERERMEAX LR AP STSPFCMAE 4 A R3dE R T AR REMBI R L #

D SRR A S AORdE RAL; AR R AR LS LR

- P208 CA
CER A R4 £ 4£(40771198;70903057) ; #d A A KA £ 4(08JJ6023)

1 51 5 / (LUCC)

[+3]

[411]



3 .o 367

(multragent system, M AS) ,

>

, - ? MR;j= MRj+1= MRj+ 2 (1)
, MR; J
e ;MR j+ 1
LUCC ;
[+5.811] 1]
(CA) , ;
. (Agent) :
LUCC .
LuccC , ,
7 ’ , [y ’
( spatio
temporal simulation and planning of farmland , (Pa)
conversion model, STSPFCM) “ (Pu),
— Pc= Pu/(Pu+ Pa) (2)
; , Pc ;
2 R R R AR I LS R R A A Yo s
(STSPFCM) T
2.1 ,
(STSPKF- , [11]
CM)
. (a-bg/Pu-c)/(1+ 1) ""= A0 =1 -vn
; (3)
’ ’ 0- 2 =0 (4)
, ; ,Pua 8 ; 0
: fq
s a ;b
se ;T ;
2.2 t ;A
2.2.1 WA RefR BILRFAT N 2.2.2 BOWHE REfR RILRFAT N
2.2. 1. 1 ,

-

[13]



368 June 2011 Vol.40 No.3 AGCS http: II xb. sinomaps.com
2.2.2.1 )
, E W S P 2.2.2.2
A L D U
i Q P , 1 R
Q= ae =50 1 4 qoe™ EBui) 4 qse™® & que” +
aser + aser + are” % + ase” TEv 4 Re are' Ui %l o 00e™™ 4 we™ 4+ aue’ +

- F
we vy + Hy

5 Sxy l

;RD ID i
(x,y)
(%, y)

Fx,y l
(x,y)

safi= 1,2, -49)

9

Z{li: 1; My

=1
Eo,

W> BV
>0 , 1 14
S— P> B Vu- V)

(6) (7) ,Vy Vu

(5)

5 SIPI.

Eo

(5

(x,5)

l
;B 2
E,
[} E
0. i
H 2 t 2
pr _exp(HQ.,
}\',}’—
Yoexp(HQ.., )
,m 2

. 2uexp(HQw)

H

W <

Emi

;Hx,) Ex,y Tff,)’

(6)

(7)

(8)

0;

L 1-E 1
ase ™ + ase 7 + aie

-1
ase v+ By

-r -7
©Y + ase Y+

(9)

Py Sx,) Lx,) Ex,) Px,)

Ui Ux i
(x,y)
;1D RD
(x,y)
Ty Iy l
(%, %)
Eo, Eo
, o1 U
U> BLu
>0 , I U

U- P> B(Lu- L. )
(10) (11) , L, Lu

i
7B 2
E,
l E
R,
H[14]
(x.y) L
(11)
(Uo i=0
2.2.2.3
D
E S P 2

, t=0

(10)

(11)

(9)

U< 0. 5Uo
)



369

2.2.3 EWUE Retk SROWE Refk Tah

>

J
( ) ’
(%, %)
nriginpi,y(l_;’_ijxd) As> 0
wpl={Wp, As= 0 (1)
origin it)»(l—fj,w) As< 0
origin P/x y ] (x, y)
, 2.2.2
;IIC“VPQ,; ]
(x,y)
sfivey ; As J
(%, %),
Piy= Poy+ Ap*n (13)
s Px,}
(x,y) ’
(2); P
s n (x, y)
; Ap (.’)C, }’)

2.2.4 ARHMARRM ZE RER SR G DR

P=(0C5"+ (1= 0)Cy") VOE [0, 1] (14)

s e ; P (x’ y)
: C']i/{z;mo (x, y)
, (13) P.y;
ol
’ . L ’ .
€Y= 2wiPr, (15)
,J ;L
, L= 3, S P,
J (x,y)
: (12) " Puyiw;
J . P

3 AN H]

3.1
GIS
1993 1996 1999
2002 2005 T™M : GIS
3.2 2006—2020
2005 \
556. 33 km’,
254. 61 km”, 45.77%,
41.03km’, 260. 69 km”
. 200
75%,
417. 25 k', 2006 —2020
162. 64 km”,
(3) (4 2006 —2010 2011 —
2015 2016—2020
45.56 km® 53. 73 km’ 63. 35 km’



370 June 2011 Vol.40 No.3 AGCS http: I xb. sinomaps. com

2006 —2020 \
[1] , 2006 —2020

19. 52 km® 32. 31 km’
26,91 km” 48.49 km® 35.41 km’

3.3
[:
II: ’
N b
A APt ] 3t s 5 ) o
0 5 10km
Ik ’ 1 2006- 2020
5% ,
Fig.1 Simulation results of spatio- temporal planning
for farmland conversion under different plar
2006 —2020 ning guidelines in Changsha from 2006 to 2020
1
1 I,
(ABCDEF , (CDF
G) . CDFGC G )
. AB E
I , , 1,
, ABDG ) )
ABF

2010 2015 2020
.E



371

2 2

(A BCDF

[15]

2006 —2020

2
1
Tab. 1 The amount of farmland loss under dif ferent planr
ning guidelines km?
| 92.93 9.44 77.16 20.19  199.72
Il 84.45 7.08 74.38 20. 41 186. 32
m  79.58 3.68 59. 16 20.22  162.64
2 2006 2020

Tab. 2 The prediction of ecosystem service loss value under

different planning guidelines from 2006 to 2020

I 5682.02 577.19 14918.11 8212.57 29389.89
II 5163.53 432.89 14380.63 8302.05 28279.10
[T 4865.76  225.01 11437.99 8224.77 24753.53

2 , 1 I I ,
|
I 11T
I
[ Il; |
; I, )
I,

”

(STSPFCM),

; @

EEPUN

[

[3]

TAN Rong, QU Futian. Land Conversion and Protection
of Farmland Resources in China[J]. Management World,
2006( 12) : 56 59. ( R
[J]. , 2006 (12):
506:59.)
BUGRI J T. The Dynamics of T enure Security, Agricut
tural Production and Environmental Degradation in Africa:
Evidence from Stakeholders in North-east Ghana[J]. Land
Use Policy, 2008, 25(2): 271-285.
FAZAL S. The Need for Preserving Farmland: a Case
Study from a Predominantly Agrarian Economy ( India)
[J]. Landscape and Urban Planning, 2001, 55(1): F13.
LIU Xiaoping, LI Xia, YEH A G O, et al. Multt agent
Systems for Simulating Spatial Decision Behaviors and Land
Use Dynamics|[ J]. Science in China ( Series D: Earth
Sciences), 2006, 36(11): 1027-1036. ( R R
[ 1. (D ), 2006,
36(11): 1027-1036.)
ZHANG Honghui, ZENG Yongnian, JIN Xiaobin, et al.
U rban Land Ex pansion Model Based on Mulitagent System
and Application[ J]. Acta Geographica Sinica, 2008, 63
(8): 869 881. ( s s s
[J]. , 2008, 63(8):
869-881.)
LIU Xiaoping, LI Xia. Fisher Discriminant and Automatr
cally Getting Transition Rule of CA[ J]. Acta Geodaetica et
Cartographica Sinica , 2007, 36(1): 112 118. ( s
. Fisher [J].
, 2007, 36(1): 112118.)



372 June 2011 Vol.40 No.3 AGCS

http: I xb. sinomaps. com

[7] ZHANG Xianfeng, CUI Weihong. Integrating GIS with
Cellular Automata to Establish a New Approach for
Spatic temporal Process Simulation and Prediction [ J] .
Acta Geodaetica et Cartographica Sinica, 2001 , 30 (2) :
148 155. ( R . GIS

[J] . >
2001 , 30 (2) : 148&155.)

[8] MANSON S M. Land Use in the Southern Yucatan Penimr
sular Region of M exico: Scenarios of Population and Instr
tutional Change[ J]. Computers, Environment, and U rban
Systems, 2006, 30(3): 230-253.

[9] LI Xia, YEH A G O, LIU Xiaoping, et al. Geographical
Simulation System: Cellular Automata and M ulir agent
System|[ M ]. Beijing: Science Press, 2007. ( s
[M]. : , 2007.)

[10] LI Xa, LIU Xinoping. Embedding Sustainable D evelopment
Strategies in Agent based M odels for Use as a Planning
Tooll J]. International Journal of Geographical Informa
tion Science, 2008, 22(1): 2F45.

[ 11] LIXia, YEH A G O. Modeling Sustainable U rban Devet
opment by the Integration of Constrained Cellular Autonm
ata and GIS[J]. International Journal of Geographical
Information Science, 2000, 14(2): 13F 152.

[12] CHEBEANE H, ECHALIER F. Towards the Use of a

Multragents Event Based Design to Improve Reactivity of

Production System[ J]. Computers & Industrial Engineer
ing, 199, 37(F2): 9-13.

[13] PERMAN R, COMMON M, MCGILVRAY ], et al. Natural
Resource and Environmental E conomics[ M |. Edinburgh:
Pearson Education Limited, 2002.

[14] CAILin. Modeling and Simulation Research on Artificial
U rban Space System[ D]. Xi an: Northwestern Polyteclr
nical U niversity, 2007. (

[D]. : , 2007.)

[15] XIE Gaodi, LU Chunxia, LENG Yunfa, el al. Ecological
A ssets Valuation of the Tibetan Plateau[ J]. Journal of
Natural Resources, 2003, 18(2): 189 195. ( R

, s [J1.
, 2003, 18(2): 189195.)
(FAE s & )

: 2009 10- 21
: 2010- 04 29
(1980—), .

First author: ZHANG Honghui (1980—), male, PhD
candidate, majors in remote sensing geo analysis, GIS
application, environmental changes and modeling.

E mail : zhhgis@ 163.com

(L% 350 M)

[7] ZHOU Keqin,ZHAO Xu, DING Yanhui. The 3D Visuat
ization’ s Approach Based on Laser Scanning[ J]. Journal of
Zhengzhou Institute of Surveying and M apping , 2006,
23(1):6-27. ( R R . 3

[n. , 2006, 23(1):627.)

[8] CHEN Yuan, CHEN Zhen, WEI Shuigen. Segm entation
Method for Point Cloud Data Based on CCD Image[ J].
Journal of Nanchang Institute of Aeronautical Technology
(Natural Sciences Edition) , 2007, 21(1):40 42. ( s

, . CCD [11.
, 2007, 21(1):46 42.)

[9] ZHAN Jinhui, CHEN Zhen, WEI Shuigen. Edge Extraction
of Point Data Based on CCD Image[J]. Shanxi Electronic
Technology , 2008(3):312. ( s s
CCD [J]. >
2008(3):312.)

[ 10] KANG Yongwei, ZHONG Ruofei, WU Yu. Research of

Calibrating Vehicle Laser Scanner s External Parameters
[ J]. Infrared and Laser Engineering, 2008(37) : 250G 253.

( , .
[J]. ,2008(37) : 250-253.)

[11]  YE Zetian, LIU Xianlin, ZHONG Ruofei, et al. Study of
Vehicle Data Acquisition and Processing System Integrated
with Multrsensors[ J]. China Science and T echnology
Achievements, 2008(12):46-48. ( s s
[J]. , 2008(12):46-48.)

[12] W ANG Zhizhuo. Principles of Photogrammetry[ M ] .
Wuhan: Publishing House of Wuhan U niversity, 2007:
18- 19. ( . [M].

,2007: 18 19.)
(FtEtdt: R B A

: 2010- 02 01
: 2010- 06 25
(1963—), , , '

’

First author : YE Zetian( 1963—), male, PhD, professor,
PhD supervisor, majors in photogrammetry and remote
sensing.

E mail : yezt@ sina.com



