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VER, (H UK 5 2 M R R A A0 AT 1 R R A B AR (R 9 S AR M 0 R AE L. BEE X AR
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1 ZBRLEKEITHH

70 K, HAS%E & HHE— (1980) & 5K E L Fit5 7% AR R RE T
RPE, HEEBWERE, IXASERAEENISERPRENEY. WHE, L%E K
X.AREKE B ERIEFT ST, AR B s KRR E R AN SR
MRBHETF. BATAMAEHT T EEFEEHEERS 2. 2B a. BES . BE
LEH A B B4 A, B R B A A
1.1 ERSTH

ERBHRS, R TEBAREAENEEAMERIRTEYE LE £
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MREFEERSHRE, R3] AT KR, 2E. TIP. TIN. TON #1 PON 7~ M &, K FETEt
RV T RS EEA 8050 E B R A TR B, R A %R B s s T 1 o g S
7 1982 AR HE K& Gyrodinium 65 B FRE (Quchi er al, 1984a). KEE REIEMAY ¥
ARBWEA SIAMTREOEN ML, MEBEXEZ 199 IIA T EHEAFARE hE, & &
ZENN WANEEXNPEBEEREE 1990—1991 FEZ G RERE BT T ERS0 7,
SREAW, EHELREHETAN FERERFREALE. B KA.
1.2 [BlRSHF

UFHHEYEESMRE FEER, UIEBRE. TILA. CIBSERREETEER
BRI AMAMBAAER FHEEXR BREFANEYERARERE FHOMEXRELK
KANTTHBFERFRBEYEANEREE. Kb, 2L EETHGREREEYE
HXUHATENEZE, AP RIE AR YK X RE 7, B r7E RS ME >t &
AT, Quchi % (1986) R#FEF BRMEAH X R LML B M X RBORH ETIA S5 HIER
TRMOFTE T SE 1979 8 A — KRB E TR VIE R, BITL R KW, REE
BB R KR, FHE. TIP. TIN. TON X R # V) BR R% (1994) Nl £ e Z 4 A8 L5
T REEBEBEEH 1990 FE3A—191 FE 8 AMGR « S ERAEEFHXR. GERE
B, WAL SR M EEHRFA%K. COD MELE,

FAYENTSHAERTH XA AEAM AN EITHLERER, FL¥d
NAEEEEPARE ABEYBRFER FRHIELE TR, FEEE 09918 AR
EYITR T HAKEERESERTTSER . CODMBHEZ AW LKITXFR. HEIELR
PRI i B R th Ry BB, BEF Wit B R 2%, B 8D,
1.3 WEZHSH

b =BF% (1986, 1987) B R WE LM A THREHR S, HIEA R 5 A€
HWRAMENEBENARESHEFWEESRZEER AR, BAABREAELIHAMALE
R BEXBKEWE., EHNE (1994) B HE XS 1990—1992 4 # 8] BT & 4 9 8% # R
BHMKEHREE, NSRBI EYE 4T ERESY 22 MEAREER, MAE
ZEMEMNEIHREBREAEFRNEAEERNEEXREWE, BHEHTHRR TR
HEFAMOERSENRERTHERXR, EELWLNTES THRIIFMRERKRFE
HFZEEZOBERXAFEBUERAWIERNRIAL K, aJENE LRSI SRR #H
SR, HARKBESE FESKBE -2 g E 0 mEsy.
1.4 BESH

B A A AR R AR R AR I [ KR O R Ak I W HOHE K SUR R BORL, R AR A 4
HERERESFHBTELE BRALTEMNELRRLKERE AP HBREIK—-HE
FHRKHBITRE ERLEREEN, FHASNBROEFRRENKEFEEL W, FWE
Z(1994) H RN AZEEBESIHRT 1991 F£3 A RET KRB EERRERS,
PARE KR, Sk ABE MR L 8 N F v Z i X #f b AT B K. SR IER, BRI
MEERBTEREGETFARNE., BEONMATATHRABRAEZNER, BESERE
Mg L FEEWASLREAFAEIBATEHRMBREER, AR BREH XA
B E M.
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1.5 HBIaHH

HIF TR E—-REMERE AW ARBIT R AHE K ITEBLRUN - E T
Mrh sk, TERBABIR S, ¥ B A& A B RWERAZT I 5 YOr #8525 R 3 1R
FEHHEBNY LRI ARRATREESKERE. EEX, H 5047 7 75 8 B 58 2 B AR
I~ (Quchi, 1984b; Kaito er al, 1985 E & F| %, 1995 HZEF,1997). MEKEE%
(1997) LA 1990 4 3 A #1 5 A ra i K M8 75 £8 B B P R AR 80 R AE &3 B A 1 1 R 3
EYRBIEVER, EHKER. EE BEAREF 4 MAEEFME T A, SRR
R = KRR FI R IR, AR A B B 1990 FF K EABIC KA R HITE
], RIS E SRR 20t B AR AR X O 64%, 7 LR 1 K B 7 B SR B B R — B 4E
A, EXRERAS, B A RPN HE A, 5] (3] JIAR R E AW, A E R &M
F 3 R B LS T R HEE R,

1.6 BYE SIS

7R 81 A 4 B B B [E] 9 U S R A AR T — AR 3 e B (8] W HE B 9 BE AL S B, B R R B A
Mrt 2 v g ot | P AR, AR A BN a2 A B R (IE¥ B 3hE) . B ¥ais
CEARIET W BE ) VRS (LS. SRS (1991) 7K A mE 5
SHTBER THERE RSOt EREN R/, LL19904F 4 A 2 H—6 A 10 HBE
BEABEE AL AR, BT 3 NG 6 NI BOCE MR B R B A E SRR, 18
TEMNREREAEZREEFESINERAE. RERTHRE, RUREAREEFE
YR KW, B 1208 BT B AL AR A B AR M AR A B A N SRR, AT SR AR R Y
B B4R .

2 FMESEE
2.1 RBEMEREAER ,

HAERLOE, BEATRANNFNHRRERRK EENHYBSEY IR
BAERAMPIR, MATHERZ T RUASREASIFRE FHETE L, AR LA
HABMER-KBE-ER-E TSI E, Bk, AMAFEHRBILAMESREAN 1%
B, AR EFRKFAYHBEN AN EETHESRUAR HEXREEYHREU
EREMYBARFEEYRERRER#THN, BILAEY-YERACER FRAER,

MEE RBEXRMERE, EAR MG LA TR AESER S AARHAER, In
BREMRBAT 2 EEXE ERER KPR EOER, EHEREAKFEN =488
(Uchiyama er al, 1989; Kishi et al, 1989; Yanagi er al, 1993; Skogen et al, 1995);
BT R4 R EFY RN R GRAR%, 1996; EH %, 1997, 1998) . AR B A H
BB (FEE%, 1985) . RMAESRARY (BE %, 19)%. HhHRRENE
DUER K 22 1 FE B 55 BT L 4F R R Ak R B9 BR M L M A 258 7Y (Moll, 1995) M B 42 7% (1997)
BIWMPEMEBAEEEAEFAEESPHEER, AXLUEE NG, FANTBERBER
22 KBEBFRBESHRENE N

REBRAEFRVESHEENGEESHETH. W, ERY A FAEE RN Em, &
AEMMWEL T KEBEAEFPEEIR, EEAEHEFEY I I 2 FEEARE
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AP, ABE, x Ay AR TR R ER u Mo 2 xFy FRIBRE; CHBIALG H= C+ h
KB, K b AT FOEFEAKE: g VEAMEE; f ARKSE, C= H" /nk
Chey &%, K9 n ARG B FE K Manning R, RAYsh 12888,

O(HE) O(HuE) O(HVE) dE\ 0 OF
Y + 3x + 3y —a(HAha +a—y HA"E + S,

O(H. O(H: O(H
() | SRy SN _ 2 (10 ON) 2 (4 ON) s,
b Ox Oy h Oy A

o ox 3y ox

A, EFM N HRKR BRI EFRYEMFAEDER, ARKTFRHARER (m’/s). H
TAEYTEEAAT AMEYHBRESFNERI ¥ EHR HERT SR E SN
% (1997).

R R AR KBS FEEE REEN T RSB AR R
AT BRI IR SRR Z, M XT3, A/ D KRR B R SR,
23 FPESHERKPP—LGBARRKNER

R EAEZZMATHNESXEEW, Mot THAmEE/N BARENE. B
b, X HEES S BB EAEE S BRI,
231 SEWR#E BMFAHERAREAHBEN T LA, RET SR RE %
ARKER &R b KX AE2ERF EXLERFAGZEEEERXEXER, X
ML LKA B KB FHEYHEEEMMEFEEESER, KEHMER
HHEBXNZHRFIKAEET. B, AHEESERTHEANEE. 5L SRNEFN
PR SR T 5%, B A (6] B v 30 A LA R IR ER 5 4. AW . IR AL R M R R AE, 0 A BT
D7 S o B U BT R A AT AT B B, BB E A S M S8 KR, SR RN ERE
MAEPAEMERARBERAEREZBXHEMMIME T, MEAKEHEEFHEYES
KAERAHR S, RHRHEY. FHEIY. BRE BEBAMHTHEIRENRASE
(Yoshimori er al, 1995).
232 HEHMRE BEAEMHARRANEMEEILMATEEFHBEEXER, W
Michaelis—MentonJ7 T2 i 34 7 iF FF 18 9 B A 3 8 K 2 5 T 33 g /K o & 3R 10 B9 IR i R R
EH S SERGATHEIZR, #AREEREERERFHSSHEXR MEHANLS
(9 BV KB R L EARPR EFRN DR, WA TR AR ERERE N
BRASETAMATXER, BHEES (1996) B A BAEF AL RET, #iR TR LE
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FREEEETARREAKR TIPHTINMX R BUER R SERNER L, REBEF
WHYHEELIEMGREYEEES AR RN E R, BE IR S ER, &
PR RN E KIS, 0 Hans %5 (1998) 2 B9l — L R FRERV G5 & AR 2%
THRAER R Alexandrium MBS 1%, BAEUAEHRADEHEFHEEXR; shEER
—BRAFEFAESENEDME M SRR NREHSERM TR RS R,
LHAFAANEREH AR PEMSHT ST ITENER, ERERMEEEEET
ZRMATHZEERLIEEZW, BAKNEELRT M.
233 HEHRWIEHE HECEKBRERNAMESRRER T 4 4 =455,
REBUFWE L FIEA —CEHEANEINAPEERAGERRIINTHAE, — 44
REEZERMEYEETONTE; XS KN EEBEANSREDNDEERESR
HERW, “HERTREESHFEREEN ML, FHofEEEE G ML
ZHEAN G EE RN YR MG EEEIBSEHEN R, E L EEHAT
FETEER =SB, REEERN, SRR ABREREL A, B ARER
R AT R A, T EEAAF R EN AR SR BRI W45,
234 HEEWHEE FEAAESERNEEHEZ N TFEABAMR, EBEY TR FRE
(AR MR KESFER) ¥ IBTFERY (WEHREB/IAFELRM
PHESE AR (IRGEE), EURAN,. £Y. UE ¥ =88R AN T RE
METFEEEEA W RPOR, MR mEX M ERE, REEMABN G RIEABREE
RFA—EREET LB SR E I 45 R (Eigenheer ef al, 1996), HERELH R
BT R SR E LI (Aksnes et al, 1995), I, Y- E L EE SRR
AR KRR — N EE N M (Skogen et al, 1995).
2.3.5 BEHRHEE B ARAESHAEENSESHYMBEN AR ZHNHEER
FHE® B8R, MAFHENRS. ERENESE TR FHEY RSN RS 06
FRBHERRREARRE EELA—, 2T ERWAERHBIEE R, KK, R¥IFpaEat A g
M, 8 X X E BAAOREBEEOR, BT R & W50 BB /R B 7R B 78 B 18] R B AN %5 1)
REEREL BREXAFORCEYSRUASBEN A KK TR ERHFIE
RENHREBNBUSKRBE T A REFHESFHEMPR, TEXLEEREASFHE K
BAESBEEEMERME. UL MB R B A A ASEOERB R IKEE
B 9 3K 38 BHE s 0 SR B35 M W AR AR RT SR AT AE B IEFIRL. SR E I K B IERI R EF
BE LA 2K A5 52 B 1 5 80 A TH I3 AR B0, R B R A A LB B R H R K15 1% 4 10 AR =5 el o A
Mt E PR, RBGHERE N EE T,
3 HiE
FREHNBESTANZ TR T ARB G SR ESE AR, SRR E
BTHRBAEIRYEY. R AF¥SEEFHERERRESEE, BHLTELEH
B, B4 0 A RE AR D R W AR R B 3 A AL T B R P S A FF TR AR 8 1 B TR 4 AR, ZE R
FAHEKAIEE A, FREBES T EE TECRER S HA R ERAEY FMER
AESFEHELHRAWER L. TEZHAFARREENDSLE, AHFAMBUKFEORER
SPNTE RIBTESE HHNEY-DHE- L ¥BEASER FEELMLTRY
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A REVIEW OF HARMFUL RED TIDE NUMERICAL ANALYSIS

HUO Wen—yi, HAO Jian-hua, YU Zhi-ming, LI Quan-sheng

(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract Red tides or harmful algal blooms(HAB) are becoming progressively serious in global
seas with negative effects on marine fishing resources, mariculture and human health, Numerical
analysis is an important tool in studying the dynamic processes of environmental factors affecting red
tides, revealing the causes of red tides, analyzing the mechanism of red tides and forecasting their
occurrence.

In the past few decades, multi-variance staustical methods have been applied to analyzing the
inter-relationships  between biological, physical and chemistry factors. Commonly used methods
include Principal Component Analysis, Regression Analysis, Imterpretive Structural Modeling (ISM),
Cluster Analysis, Discriminant Analysis and Time Series Analysis. Of these methods, Stepwise
Cluster Analysis and Time Series Analysis were established recently and have been applied for the
South China Sea region.

As an improvement in red tide research, the important roles of physical causes for the
occurrence of red tides have been recognized. In recent years, lots of ecology mathematical models
of red tides have been developed to study the coupling action of physical and biological causes.
Generally speaking, an ecology mathematical model of red tides mainly consists of a biology
sub-model, a chemistry sub-model and a physics sub-mode. Some problems of model application
(including selection of model parameter, type, dimension, coupling and data) are evaluated in detail.

Up to now, the ecology mathematical model of red tides has achieved success in varying
degrees in describing the various dynamic factors, but it can't solve some problems such as the
competing mechanism of phytoplankton population and the prediction of red tides. In the future, the
development of ecology mathematical models of red tides will depend on the progress in
physiological and ecological research and the data collecung techniques. The coupling model of
biology—physics—chemistry will be an important direction in future red tide numerical analysis.
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