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Land use simulation and landscape assessment by using genetic algorithm based on cellular
automata under different sampling schemes. FENG Yong-jiu', LIU Yan’, HAN Zhen'
(' College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; *>School of Ge-
ography, Planning and Environmental Management , University of Queensland, Brisbane QLD 4072,
Australia) . -Chin. J. Appl. Ecol. ,2011,22(4) : 957-963.

Abstract ; Simulating land use change scenarios with cellular automata (CA) can help to the policy
makers in understanding the mechanisms of land change, and support the spatial decision-making
for the sustainable use of land resources. Genetic algorithm ( GA) , an intelligent approach original-
ly conceived from the biological process of evolution, has the capability of minimizing the difference
between simulated and observed land use patterns with optimum chromosomes (i. e. , feasible CA
parameters) obtained through a set of selection, crossover, and mutation operations. In this paper,
GA-based CA model was developed, and applied to simulate the land use change in Jiaxing City of
Zhejiang Province in 1992-2008. This model was calibrated with 6% (66 samples - km™) and
3% (33 samples - km™) samplings, and the simulation results were evaluated based on confusion
matrix, Kappa coefficient, and landscape metrics analysis. Over 80% of the land use features gen-
erated by the GA-based CA model matched the observed classification of land features geographical-
ly, and much higher simulation accuracy could be obtained with a larger sample. The simulation
accuracy and the landscape metrics for 2001 were better than those for 2008, suggesting a tendency
that the model’ s accuracy decreased over the simulating process.

Key words: land use simulation; cellular automata; multi-samples; genetic algorithm; landscape
assessment.
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Fig.1 Process of mining CA parameters with genetic algorithm.

I 3% KA 3% samples; I ; 6% FEA R 6% samples.

FAEL(0. 22) , AT DL IRAEAS 57 A H s oR B9 1R S
FEREE , AR DAl (5 50 . AR e AR TTAl R 4L
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BN 5 SCPR G e M2 2 o] )P 35 2248, T WLAF
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18 HAR RS AL LA SR WS 4. B T AR SCREUT A
A B AR Ak SR e, DR 52 e EAR (Y E B RO g
PR, T A5 R B R AR i e, BT L) 6% HEAR
AR TERS R T 3% FEA R, hk 1 aTLIE T,
3% Fl 6% FEA T ARHUAY CA SHUE % AR F %
AT, 7E IR R BB B T L Y A v
B BIARBUE il A e — B £ 5. ZRBEHENS
OB O (a,) B FEZLERSIEE (a,) F1E]
HEHLEE S (a, ) ,3% FEAR BN N, a, B a, XF5E24TH
d- b FHAE A B AE R T 6% FEARTINH ay 1)
M FHAR R . AR 32 24T 1992 4F LIk i) -+ b F) FH 25 4k
T ATHT , 12 DX a3 T s i DX AR A AT T B 3
FR e A A AT [ A R 00 R A e B 2 H
AENEPOE R ER K S AREH. X5
6% FEAR IR 25 R 5.

3 HRE5HM

FEHLIE CA BR3P 4 vh , ) A 2000058 v
WEBH(P,,) FIBALREL (Tter) LA 158, i
& CA A (e B85 IR B R [ 0. 42,0.92 7, LA
0.42 R W IR AE, £ 38 — @ AL 0™ A4 2001 F
2008 AFEHULE AL, IF 5 3 e R AT LA, At B
ARG B2 A1 Kappa RECGTNBHUZE RIS ;585 , LA
0. 04 25K 3G BIE, 8 i — 5 Bl B 1S 2 A4
G5 ARG R, —EAFAE P, F1 Tter 15
A, TS R BRI Z5 . sl R B, Py, =
0.58 5 Iter 7 9 1 16 437 A 15 £ 2001 F1 2008 4F-
() AL 2 SR (] 2)

AN 5 T A ARG I RN 4 b 1 A S

x1 ETARBEAERMHER CA SH

Table 1 CA parameters achieved by GA with different
samples

FEA T % 0] a a as g as
Sampling schemes

3% FEA 0.61 0.81 0.57 0.20 -0.45 -0.79
3% samples

6% FEAS 0.55 0.64 0.38 0.81 -0.28 -0.80

6% samples

aq L Constant; a, : BT HOAYHEE Distance to city center; a, : 5
AL IEE RS Distance to town center; ay: $I 322238 i 1) FE & Dis-
tance to main road ; a, ; FIHFHLAIE E Distance to cropland; as : FI7K I
RYHEE Distance to water.
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Fig.2 Simulation of urban land use changes of Jiaxing City in 2001 and 2008 using the GA based on CA model.
a)1992; b)2001; ¢)2008. I :SVM 4328 SVM classifier; I :3% FEA G4 Simulated result with 3% samples; Il ;6% FEA AR Simulated result

with 6% samples.

[l T AR A8 | DRG] 2 8 - bR RS A E R (R
FEARFIKEE 3 2. FIHE R A ENVI B SVM 4328
%] 1992 A 1E BSEAR AT A A ZE R ALY
WIGRARAS (] 2a) ; R B AE ENVI B SVM 432
X 2001 4FF1 2008 A3 IR AR 25 R o )
R 2001 4F (1 2b, ) 1 2008 4F (18 2¢ ) By FE i
R IC i A S PR 5] 3% il 6% FEA R T
2001 4F( & 2b FIE] 2by ) F1 2008 4 (& 2¢ F1E
2cy ) BIREADLL,
TN, M CA PR 45 LA 16 38 5 A7 38
SN LRI AT LG PR A 5 0. 1T —Fh 7 2 R A4
SEOURSEBR A3 25047 B 0 38 2 38 50 bR HORG

x2 Eff CA TEENERERNRFER

B, BTFSEIRVE HE ) S5 — b 7 ik S A I AR 2
A2 AR SRy 45 SR [ AS JR B AT A R S

AR S AR 2 ) & e, PR T 3% Al
6% PR REAS T TE 2001 1 2008 4540 45 5 (kG JiE
(F2) 85BN, % F 3% FEAR B 1 % CcA
BEAY 2001 4F B MAOKT BE (80.1% ) 5 T+ 2008 4
(78.9% ), 1fii 2001 4 F Ak — F M 1Y Kappa F 4L
(0.51) /T 2008 4E (0. 60) 3 % T 6% FEA #4385 1
Wi CA BEAY 2001 4F BVANEBE (83. 9% ) KT 2008
4F(82.5% ), Mj 2001 4FF) Kappa R %(0.61) /N
2008 4 (0. 66 ). 3 W] 3t f CA BLALLAY S AN B2 F1
Kappa 7258 BERSFUIRS (6] 1M 5 8k 6% FEAS &AL i35t

Table 2 Confusion matrices between classifications from remote sensing and simulation outcomes generated by the GA based

on CA model
Ay A TRIRIF ARG (1500) APEREE ER SRS B2 Kappa
Year Samples Remote sensing based classification ( pixels) Producer’ s User’s Overall E 0
T A B accuracy accuracy accuracy Kappa
Land type (%) (%) (%) coefficient
2001 3% A 73696 51607 1833 71.2 58.0 80. 1 0.51
B 27208 302863 3774 83.5 90.7
C 2587 8142 5570 49.8 34.2
6% A 85481 44245 1895 82.6 64.9 83.9 0.61
B 15151 309668 3939 85.4 94.2
C 2859 8699 5343 47.8 31.6
2008 3% A 204077 37639 1964 78.8 83.8 78.9 0. 60
B 48610 166063 3847 80.6 76.0
C 6197 2400 6483 52.7 43.0
6% A 220797 36968 2392 85.3 84.9 82.5 0. 66
B 34413 167196 4288 81. 1 81.2
C 3674 1938 5614 45.7 50.0

A:EFFE Developed; B: KFF % Non-developed; C ;7K Water.
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Table 3 Comparison of landscape pattern between simulation outcomes derived by the GA based on CA model and classified
results

SRS 2001 2008

Landscape AEsa 3% FEA 6% FEA Syt 3% FEA 6% FEA
index Classified result 3% samples 6% samples Classified result 3% samples 6% samples
NP 4413 4804 4813 4801 5013 4917

PD 14.79 16. 10 16. 13 16. 54 17.27 16. 94
LSI 33.02 39.44 37.32 47.69 43.00 45.11
FRAC 1. 40 1.44 1.43 1.41 1.46 1.43
CONTAG 41.45 33.34 34.98 21.70 23.45 22.57
Al (%) 90. 8 88.9 89.5 86.5 87.9 86. 8
Eypa( %) - 12.5 9.9 - 5.9 3.1

NP BEEREC Patch number; PD . BEHLEEE Patch density; LSI; ST IRFEEL Landscape shape index; FRAC; BEHR /- 4ESL Patch fractal dimension
CONTAG ; 5 W £ 4L BEFE 4 Landscape spread index; Al BRAPEFE4L Cohesiveness index; K, : 5 MEZE G T #5 %L Landscape comprehensive evalua-

tion index.

& CA ASERIREIILE 5 1) S AORS BE 5 T 3% BEAR 2 fir
PR | LR Kappa 2 BURAE B — SO FE 2 45
. TEHLEE CA FAE AR v, f s U TT B8 K (0 R
A, DU A QB AR5 DX e, [ sf S B e s
RUEA TR SO TR IR A BEoR | 76 W 3 22 ) LS
-

N T ZMAEVEM AL 51— 25 MR A =)
PRA 43T = R FH 2 TR 2548 1 22 5. i 0 6 4> 5ol
FERU[ BEEA R (NP)  BEER 5 5 (PD) S IR 4R
B(LSI) | BB 43 4k 80 ( FRAC) | 5% WL &5 4iE JiF 45 %%
(CONTAG) I A PETE B (AD) ) ] £ £ E PR 4
UL R SOURE , I 5 S PR o 248 3R 1) 5 W6 4K
PEFTXT EE. [RIASE o T PR B2, SR AR SO Y T4
B TR S .

Fi= [L3 06, c)se )

Kk, ABEUSE RS BR324 R 255 5ol
25 AR E n N FOMARE B 5 S, I ZE R 5
Pt AR H; €, M5 @ Ah S ULAE B S PRy,
2001—2008 4F, 5% 2417 4 b A1) H G EE S8 i
(NP) FIBEH 3 B (PD) B2 B N A3 - H A 45
FARE T8 %4k RAEBE B IR B 28 3 1 S AR
FEEL (LST) 3K, ¢ BH BB il s AL it 38 386 o A1 B
He [ AR & A5 B A BXEHR 20 24 8 ( FRAC) B384
B WK FOIE S T A 500 & I B 45 5
(CONTAG) Syl /N Ea B | 158 I 55 0L Fp AN Ti] R e 285 50
(1) AT SR 7 ok B R G PR R R (A R
B R[] B e 2% A 1Y) 2R 4 A R R AR 2001
E3% M 6% FEAR R E,, (85 3R 12.5% A
9.9% ,2008 4F 3% F1 6% FEA KW E, {653 5] K
5.9% F13. 1% , R 6% FEA = A B R

VAN

IrRAE R BN B 6% FEA T 1385 CA A
TR I, FER B 15 CA BEU I, AL R
AL BERY DL AL SRS | 225 BRI i) H AR R
2% RS S AR 7 A, DAEROREAS Kt xR RE AL
RS BAZ A BRI, 5 2 2 DR X
ARG DI 7E

4 & &

HEETC M A SR AE R 3k A=
S RERR S RRIEN E R G T Z N,
AL BEE WAL D7 504 Jmy , A REAR 5 A [] B 1 2% 1 751
DL R A S, SR, ZEAG 2 CA B v ¥ I
7S A e H A 2 B o R B8 ik
AREL ALY BT 7= A (R ZE SR 5 A 2 SR 2 ]
FEAEZE 5. 0P 22 57 KU 3R AR U P e 22 1T 22 5%
AN B AR PE B A A AR CA TR (i g it J
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FRAYE B2 RS R e Bk, UL LR Rl
ek BA% , A R EUE PN Y iRk 984, 1% 25
FHEB N E R, S0 AT H SR GeE Rl
LA IE 42 P b B CA BRI AR SC 3 2% 1 Ry
B, BEHLIKE 6% T 3% FIREAS s A6 i H bR sR B2
it CA 8, B T 9% X 38k 1992—2008 4 i) £ 1 Fl
AL R R TR K FF  Kappa 2 E0R1 50004
BOGREAULE I T VAN, 25 R 7ERE 2 kAL 81k
RWERIIG LT, 5/ IMEAS T AR B AL S5 AR L, R
FEACG (35015 CA AT S B35 v, 5o LS Jm) B 42

HRAE IR XI5 CA B S 80z Bt L ik
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DXk, E3E Ao 3545 R RE UL AL ML B CA B2 1) Jy ¥4



4 34

R IASE . ANRREA TS 5T gt ML 1 SALAY R AL R ST 963

HEZR  3oF 25 DXI ) 3R] FH AR A Rk Tl A R 3 BAy

k.

&% 3k

(1]

(2]

(3]

(4]

(5]

[10]

[11]

(12]

Liu X-P (XI/NFE), Li X (2 H), Peng X-J (1%
B%). Niche-based cellular automata for sustainable land
use planning. Acta Ecologica Sinica (£ 7% #),
2007, 27(6) : 2391-2403 (in Chinese)

He CY, Okada N, Zhang QF, et al. Modeling urban
expansion scenarios by coupling cellular automata model
and system dynamic model in Beijing, China. Applied
Geography, 2006, 26 . 323-345

Seppelt R, Voinov A. Optimization methodology for land
use patterns using spatially explicit landscape models.
Ecological Modelling, 2002, 151, 125-142

Liu Y-L (XUHEAK), Lin Y-F (X#55%), Ming D-P
(B4 #). Urban expansion model based on cellular
automata of decision-making with grey situation. Geo-
matics and Information Science of Wuhan University ( &,
DR - AR EBHERRD) , 2004, 2(1): 7-13 (in
Chinese)

Zhou C-H (JH ), OuY (Ek PH), Ma T (5
4L), et al. Theoretical perspectives of CA-based geo-
graphical system modeling. Progress in Geography (Hb
HERLAEHERE) |, 2009, 28(6) : 833-838 (in Chinese)
Kathleen PB, Elena GI. Spatially explicit micro-level
modelling of land use change at the rural-urban inter-
face. Agricultural Economics, 2002, 27, 217-232

Wu F, Webster CJ. Simulation of land development
through the integration of cellular automata and multi-
criteria evaluation. Environment and Planning B Plan-
ning and Design, 1998, 25. 103-126

Wu F. Calibration of stochastic cellular automata: The
application to rural-urban land conversions. Internation-
al Journal of Geographical Information Science, 2002,
16 795-818

Wu G-P (REEW) , Zeng Y-N (¥IKHE), Zou B (4
), et al. Simulation on spatial land use patterns using
autoLogistic method: A case study of Yongding County,
Zhangjiajie. Acta Geographica Sinica ( Hi B % 4% ),
2008, 63(2): 156-164 (in Chinese)

Feng Y-J (7K FA), Tong X-H ( #E/NE), Liu M-L
(XWbJ). Modelling urban growth with geographical
cellular automata and partial least squares regression.
Journal of Tongji University ( Natural Sciences) ( [f]%F
Refrdle - HARBHR) , 2010, 38(4) : 608612
(in Chinese)

Santé I, Garcia AM, Miranda D, et al. Cellular autom-
ata models for the simulation of real-world urban proces-
ses: A review and analysis. Landscape and Urban Plan-
ning, 2010, 96 108-122

Yang Q-S (#HF ), Li X (2 H). Cellular autom-

ata for simulating land use changes based on support

[13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

[21]

(22]

[23]

[24]

vector machine. Journal of Remote Sensing (@Eﬁ%ﬁ
) , 2006, 10(6) ; 836-846 (in Chinese)

Li X, Yeh AGO. Neural-network based cellular automa-
ta for simulating multiple land use changes using GIS.
International Journal of Geographical Information Sci-
ence, 2002, 16 323-343

Liu X, Li X, Liu L, et al. A bottom-up approach to
discover transition rules of cellular automata using ant
intelligence. International Journal of Geographical Infor-
mation Science, 2008, 22, 1247-1269

Feng Y-J (#%7KFA) , Tong X-H (FE/NE) | Liu Y (X
i), et al. A particle swarm intelligence based cellular
model for urban morphology evolution modelling: A case
study in Jiading District of Shanghai. Journal of Geo-In-
formation Science (HLER{F B El2E224H2), 2010, 12
(1): 17-25 (in Chinese)

Karafyllidis 1. Acceleration of cellular automata algo-
rithms using genetic algorithms. Advances in Engineering
Sofiware, 1999, 30 . 419-437

Feng C (% %), Ma J-W (S##3C), Dai Q (3
J7), et al. A cellular automata model based on genetic
algorithm simultaneously retrieving factor weights. Geo-
Information Science (HBR{E B RI#), 2005, 7(1) : 71
-75 (in Chinese)

Li X, Yang QS, Liu XP. Genetic algorithms for deter-
mining the parameters of cellular automata in urban sim-
ulation. Science in China Series D: FEarth Sciences,
2007, 50 1857-1866

Sivanandam SN, Deepa SN. Introduction to Genetic Al-
gorithms. Berlin; Springer, 2009

Kocabas V, Dragicevic S. Assessing cellular automata
model behaviour using a sensitivity analysis approach.
Computers , Environment and Urban System, 2006, 30 .
921-953

Liu Y. Modelling Urban Development with Geographical
Information Systems and Cellular Automata. Boca Ra-
ton; CRC Press, 2008

Han J, Hayashi Y, Cao X, et al. Application of an in-
tegrated system dynamics and cellular automata model
for urban growth assessment; A case study of Shanghai,
China. Landscape and Urban Planning, 2009, 91. 133
-141

Pontius RG, Huffaker D, Denman K. Useful techniques
of validation for spatially-explicit land-change models.
Ecological Modelling , 2004, 179 . 445-461

Turner MG, Gardner RH. Quantitative Methods in
Landscape Ecology. New York: Springer-Verlag, 1991

EE R

WAKEA, B 1981 4FA: i PEl. E2 N FiE

I GIS BT A A% A A 5725 ) EDWARALLAT 5. E-mail
yjfeng@ shou. edu. cn

RIEHRE B L




