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Abstract: owing to the high complexity and the non-linearity of ecosystems and the rapid development of technology in spatial data
survey, soft computation is more and more widely used in ecological models. Soft computation is a broad field which includes
cellular automata (CA), individual based models and box-based model with respects to paradigms, and artificial neural networks
(ANN), fuzzy logic (FL), genetic algorithm (GA), chaos theory and rules-based method with respects to techniques. This paper
concentrates on the uses of CA paradigm and rule-based technique in ecological models. Application cases include population
dynamics modeling, algal blooms forecasting and habitat simulation.
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PR, FHERMA AT —SH N3 X FR, a0 1991 4 Abbott™ ZEH 22 fUR RAF R TS B2
( Hydroinformatics) F 1F 75 PR 3 & & B 4 2515 B. % ( Ecoinformatics ) o

KB RANERET 2SS, AR L FE QT B 3L (cellular automata) \ZE F M& (individual based)
FIA B (box based) %, 55/ 55 6 A BUR AF HE 3% 180 X 78 78 4676 B L (R0 025 1 L LA B0 1%
IS E S RET AR, AR EEREMEEEHNMRBRENINZER. KHEETE EAE
HHEEATHEMNE BB BERE BRERE BEERMAETIES, SEWHEET EME X
FHEUEBHNERAIEASE, AKBHUIEEPRBRALHE N ERE"" NTHRA T AR AR R
G EIHE AR EHAR,

BB 7E A SR Pt 7 R A, IR ST B SR R A Y MUK S A R DY B
FAERE R 0 AU A A B R AN Y KUY, Salski'™ A1 Chen'' 32 FIBERMI B BES B 2 09 A K BB 1R
YT HIRR: , Recknagel' " 254 A T 22 I 4% % Dy L 157 ) B /K 42 TR =2 o, Baptist™™™ S 56 F1| I Bt 15 40 B 1 5 K
RN SRR RHZENXR, BNESEASRERRPHNALERELE R,

EREEME KB AEESEAPHNABLFTNENR,BEEITREERH®E L RRE, LB HE
ERABTEHKTEBEESAEATRFPEABREBEENME" ", AN KEEENHRER, BEL
WIS TR E SR E T EEESERDPHN A,

1 THRAzN

T B iR B Von Neumann F 1949 ﬁzﬁtﬂ[m S HAEA B TS H Wolfram TE 1984 @ﬁﬁfég%[m izl
L RILFRETEBHEAMABENS L MBE - TEEEFGESE XK AN Z Conway B4 fir il
2% (Game of Life)” .

JCH B SR — DB R, CR BB R AR E S 8 RE AT 5 KR 4 kb 52 & — B
BT, BN EOTH A MU . SOTHBUE S — M HRHE I E K SR AT R, BT B9 BUE R T % 82 T
HA B4R YR BUEE R A R EATZ B A B/ RS, XM e B S BEA T EHE. TR E PR AT
WA FEPHRBL T BAREESEEARAAHN, TREZDVEFRAL RN B HERFE, NFES
FREFXFHPREN , St —E ot EMEE, LB FHER™

M E S, — NI B PR R — & —

B, B NREE TR —EWRME, AP EHEAH m
JB MR AR E S R B AR LA A AL A SE B Rl 2B K AT »

B, LU0 6 B HLAL T R R O IR AT ~
FEHMBERE. H1AHT 1 M2 4N TR AN

X ) ) . H1 THEAEsSN

m%#‘] ,ﬁ@:ﬂ?%ﬂﬁﬂggﬂiﬁéiﬁﬁﬂﬁﬂ 1 ﬁﬁﬂ 2’12 Fig.1 cellular automata

SRR IR EMR, Al LIRS E 4K al#left: 1D; b 2 4 right: 2D

B@“” .
at’ = $(aly,al,al) (1)
a'it/] = ¢( ai‘./ ’ a:,l,j—l ’ all./ ’ aLl.,n ’ ai’.j—l ’ ai’.ju ’ aiuvrl ’ ai?l,j ’ a§+l,/‘+l) (2)

FETFMEERAL, ST A sh P X 5 0 6] %5 548 £2 (object oriented programming, OOP)FESE E W &
4 : JTLHEL(OOP B object) .J& 1 (OOP I properties) Fili# ZE (OOP K functions) , I HEF FHITEE , HLEKX
REASRAREEMPEIIRERT ZHRHNA ™, UTANBH EcoCA BERATHE ST X85 B-%
R RS R,

EcoCA"" ™ B — 2 M T B WM B 3h ¥ BV R, B TR TE 3 M REMBUE . = H 5]
# (predator) FI g & & (prey) , ALY M R BUE BME— B EMBABR T TR IATNMNE (q ) FAEEER
EHEE N ABEREEOREN, EROEEAA ¢ BEYAHRERG TR TR T — 5B & R RE
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MR P(PMP,) T3 FRFHERTEH . AR T R 08 S EHF R YRGS LM
HESRHE, EHHE MR p EZ)E B — RV R8T — KA oA 85 BUE .
P = ¢(ai;, Ny, N,) (3)
Bl 2 & EcoCA BRI Z BIEE™ AT UE B BRAM AR AMHR LN, HRELT — B HEEZE
ERTHEMBERARIFARBEN ALK B3 S THRE M BIEEUKAANOHEES  TUE
HERFEMIGS , HB M RENHHELRGHENANE, f TREZEFMMBEELENEE, T
BBV EcoCA BRAL, BT P R I GLH) Lotka-Voterra BERY (J7 72 4) 1F 1 LB o
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Fig.3 population dynamics (a) and phase dynamics (b) simulated by EcoCA

dP 2

‘;h— = aP - bP" - (ZPQ

40 (4)
:1? = - CQ + ﬁPQ

KP,P HEHEDHEDER,Q WERYMEYR, o NEEYHERKE(/D,b HEXRR;c HESD
MET-EZ(1/d);a, S AT BN HNZEE. BARIERENHE D HBRE. TS 4 BB ER TR
i, B 44T Lotka- Voterra 155 8Y i) feb 3 2% 4k i 28 FAH AR 4L

500 . a we ne - 300 300 b
> 400 8 g
g 200 3 S 200 |
o 300 & &
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Fig.4 population dynamics (a) and phase dynamics (b) simulated by Lotka-Voterra model

P 3 FE 4, 7] LLE HBR THEVLIE 5 250, EcoCA BRI F Lotka- Voterra 15 Y ) Fft B B 3 A5 451 Ik % 40
VT, T EcoCA BRI PRI FEYLE 0 FZ i T HEEV I B SIA X EH E 1 # Lotka-Voterra 18 B b 52 £ W47, BT LA
ARLVE IR FEE S . {HE Lotka-Voterra BB P W B % W (x, y,2), BN BEARA L LA THARREHN
Z A,

MAXALESREENZRIER T EYHRBHNEMESREWRERFTEEZLZMW™ , Chen il Mynen'™
WL TR K EcoCABRE IR EAABER-FHEESRENREREAAMN SRR RA X, THS5X L4 Y ME
WEBABEREERRR , AMHRNMBERRAHT ARMSBIAERES ARG S I AE I R A4 f s fh
PRI T -5 3 S5 R, T Lotka-Voterra £ 21 FUAE A IS 551 Fh B¥ & A B 4X 73X 3 FRIE L, 7T LG M A shLE

EEUESREREE T BEERFRLE.
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iE AT & B EcoCA 455 R 88 4014 [R] A4 L 3K 9% B (harvest strategy) , AT AP B AT Fp2 B IR R, B S 4
HT A MEREX TREREMBREE NS EA: () TBEK, (b)) IR 15% B EE, (c)WIK 15% M5
BE(DREPIRZ 15% . BRI AIRERMBEEERET 25%, WM R B, W REY MM BT
AR T 25% , fE i By B F ik o

1 A AR P X AR B ] R P T R B A MR R B T UARIM R RS AR R E AT, 3
AHTBORGENENE; MERAMTRERE VR R INBORBREE X T R 5 H A8 8 B8R
EMFH d>c>a>b, XEELEIL R KABLM Lotka-Voterra BRI 3 LI/

E EcoCA BRI h REMBEERA TR &, (AEERETEMTUEHBES T E " RE2RME
B, MTFASREEME MR, AR LB YRR TEALR, M AESEAEEWNREE
FEE 0 23 B9 EF S 00 0 KR A 2 ) 2 50 AL DR OB e 5 ) R X 4 W RO R 8 G A A R A TSR R M BT A BF
RITBIZ—,

2 MERZE

ML TT ¥ (rule based) B A TR B FIBUR RS Z B i — R 7 ik, B AN & MR A B b, R A M
BEETVPRE, R NG BRI EE DR MR TEREORRE., MATEEESHEE S
HRZ RN, Chen FI Myne!'* 38 F % 7 B8 57 7 K /K 4 UM A% Y | Baptist 25 A% 32 Y % 77 vk 300 3 8 )
MEXEHEHEEY. ATHREYEENFRERGZRMRRE T EE AEFEREYHEEER R E
BEHET

ATEUXENE BFFTESEI MR - HELRFIEE BV AKEHENEME HE LM EE,
BERFIEER S ER TR AEHR LR, BT Lk BBIES . W 6a SKRATHEM P~ THIZK: HkK I<
1B EEBREIEF Y 1=, BERBCMBIRE 7, Wt TR 1,1, F L, 7T LEN MR EEEY
HEERZELTREIIFMARER, MEA —E 09 B S0 B4R, Al 6b 19 8 L HLE FBE AR EL, 7T LLSE
XBAR TR RIGE— L PR AT LR B R IEE
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Fig.6 Methods to determine characteristic values of model parameters

a LKW experiment;b 4+ ¥ partitioning analysis

EAMA MR BRGNS R RNER R, KB — @ AR Tk BRI R 5 A M
XM FEHRENSHE RER N ER M E. ANREPRENEEZES AT, BFRIE % (feature
reasoning) 1> 1% (case reasoning) o Xf FHAAERE , EX BB H TR LN, B - LXRRRZEN - DRI, ARG
HOVERI A T ABE, RS - KRRy — £ PR, RS S5 S E R AL R R
Hr AR, AT B E AT IR 3R B R R R, 0 TR A B H AR B b 2R A MR, 1 BR L B AG A R
T A, T A R T A A

S HL RS 1A - AR B9 B 0 B I I A R IX () ) A3 s A e L A R A AL A B o AR

EHRK X
SR 3 AR R B B A L ok R R A A T RS R A8 o PR, DR R X ) AP 3RS R SR AR A AT
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Fig.2 Snapshots of spatial patterns of prey-predator population dynamics simulated by EcoCA
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Fig.5 Patterns of population dynamics under different harvest strategies
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Fig.7 The high water level at present and after 10 years
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R KL AR B R 6 — SR T LB B A R M R B MR e B . LU T SRR A 5 A SE 4 LB A
BEAESEM P EENA.

HEWLEEZREAMARERYNE R, SHEBFEREY K E Phaeocystis globosa ( P . globosa ) B 1B %
HAEKEHR, FBNLRTMER KNG TR, fEKE HABES T B R &M T, #7 2 HF 5 HLH M 2002
FEIMHBEIL P. globosa KEERRG, HTKEREVHMBEL 20, UERANEFER I E—EXR
AME A ZTBEA TSR MERE,

B KN RBFRANE LW, ZIL P. globosa EKMBERMBUNT . LBEKENELERF, ER>
100Wh/(m’-d™" ) ; B REE R IS T, E 3R > 0.0062mg/L; 3E B /Y £5 B 7118 B 75 Bl 4 HU 7E 20 ~ 35psu 1 7 ~
2CZEY  EEREETS4AY I UBEMERLSEOEE. BT 1990 ~ 2000 4K FF 5 K1 #1819 4
WS, HEEU ENRBAE  BRIEWET P. globosa KETIRMMELER™ 1% 1 iR,

%1 P.globosa KEMIBRIMBEE
Table 1 The rule model

M 1 Rule 1 L 2 Rule 2 A 3 Rule 3 A 4 Rule 4 BRiA Default
Z>27, <=2, T> =14.64 T> =10.24 R
8,0, >1.17 T< =10.24 PO}~ < =0.42 50;>1.17 Not bloom
K#%[0.947] " PO;” > =0.42 8,0, < =1.17 PO;™ >0.42
Bloom[0.947] K 4#[0.667) 7K #[0.650] RK4[0.958]

Bloom[0.667] Bloom[0.650] Not bloom[0.958]

* FIESHPERT R ENME the value in the bracket means the probability

R ZRBEWE BT | HEARTEERRY ; 2, M6 FKBE, B BIRE (L) EEKEPERR
B (ky) P . globosa KIAEKE(u,,) BRILTTR)FERELMABERE (k) IRE (TR 5);S10, WEEMEIKE,
T RHIRE, PO NBEMILWKE, EERE T W,

floy = W)k (5)

kyz., Upe — 1

BEBMTRERELD 8%, B TREAGFEITEZHY KBMRMYH, EEBRENSYH, BE
PRIBIZEAAX BT U HHEEZEHBERENZH MARBRTUNSETHER, EFRERFOLRAELY
8, B DL A B 20 A T SEBRY

METEEESEAEPHA TN AZHREDHERBEL., A TZETHERLEREKKINE
e, W E PSR KRS S EARENAESRAE, ANBEZRAEYHERNE YA ERTRAES REH
FORE R Z—" A 30K Ao 3 B T T I YA AR R A 400 S 41 feT A 4 MR T B TE A B M A Y oh
AL, TEZ 2B PR AT Delft3D 1 Delft-Habitat 244

KEMEALROT . (HDEERRXAMW EEHGERE, MEKEY B ENE ERFEEMNE
TR, Q)X EHEYNERSE BENEERNT BREEERWNAERE 7, T EGTFE KO JE T
PRH AR 3% 2 e R B[] L AR M b Rl v HE LB BR AR RO UR I 5 (3) SR A 4B K 3f Jfy 4 B AL 0037 B G O 53 AN /K Ak
(INFE 7),BPXF Delft 3D £ &I #E47 3 (7] 1 ; (4) 35 A Delft 3D HE B o i 8 7048 R 0 /K BB B 4 400 A 97 [X 7] R 19
PRURTIBRYHEFRRSE,COBIEGERSHEE FZRIMMEM X R, INE 8 FiR; (6) K B Delft-
Habitat R B R B I HEBERBUEARAREFGTHETRE; (DREBEDHOFELGU KW XK,V
B RE R AEEENN, AT EA XA AT R B RMBREREARKEENEERD,
ME 9 FiR o

BHIEBL: KK 102, ZMBEMBKMNEER LA B EABERK; BT —ENBREE M EEFHNT
HEKHEMN AR, B 10a 5 R B MR AKE SR ERT (B 9),
3 itig

BRBUEEADSERN PN AERT 2, MAEREEZFAFTERE—ENRE , EXARERAKITE
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Fig.8 The functional responses of water plants on environmental conditions!®

AUBREENTE, MREENSHER RN —HEE, LBETREAGKTESSEASH T B,
BEXNFEM -AEAEREFENEEBR T 3 M XEBER RN BN RN RONREE 5
B RAB D

R b SRR R A RO EALE L T R E SR W B B4R i, R SR B SRR i LA R ; %
BIEE X R YEILE T RRD ENKE KB ENRER , EE T LCRBEERDER; AR RO Y E
Pl RA — 2B PE AR, B o I 00 4588 t B i e, AT SR LA Y

EEREA L MR RGEHBRZTMREEMRBHELIERNEZRE, BRI RALE FSEABE, —
R AT AP, e AEEAESEAERYT BE MR MY ERN RENFEEFE L EZ WK
HMERE BT, — R AR TR, i 28 FRE A sh Y 9 Fh B AL s T 2 HARE 0L T AT R &
GER, UTAHHE RS,

B % BARAE BB AR Al B B R B R R B LA R FE & T B R, KB 5 1] RO AR S IR AR
B K AT 8E ; BB @ AR BN B 2P R oy M BUE L EIE T &A%, B it %S 18] B 3 (spatially explicit ) 8 5 1 2 8
AR AR KESHBERN - TEEBRT . BN EZIRTHER: (DERET EMNTH A S
TEE,ERANEEEXSTHRENVIBR PR R 6;(2) H T GIS H W48 £ 48 #& =X (raster format) F15T il
B VLA R R AR R, BRI SE B EL R E GIS PR3 T iz 1T n i B shPlsE R,
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